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 (Collision Damage)   

   “ ” (Pocket) 

    

(Abrupt)   (Bolt)  

  

 

6.1.4.3  (Transitions) 

 (Bridge Railing) 

  (Approach Guardrail) 

  

  Bridge Railing  

 Bridge Railing   

 

 (Inspection of Transition) : 
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6.1.4.4  (End Treatments) 

  

  4   

 (Flaring) 

 (Burying) 

 (Breakaway Ends) 

 (Shielding) 

 

 (Flaring) :  

(Approaching Traffic)   

  

  

 (Burying) :  

 90     

  

   

 

  (Planning & Burying) 

 

 (Breakaway Ends) :  (Fail)  

(Impact)  2  

   

 

 (Shielding) :  (Impact Attenuator)  

  (Multicelled Absorption System)  

   

 

 (Water-Filled System) 

 (Impact)    

 

 (Sand-Filled System)  

 

 (Momentum  Transfer System)  

  (Momentum) 

 (Cushion Mass) 
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   (Inspection of End Treatments)  

  (Condition) 

 (One–Way–Bridge)  

 

6.1.4.5  (Median Barriers) 

   (Average Daily Traffic  

ADT)      (Limited 

Access) 

    2   

 

    (Impact Attenuator)  

   

 (Mountable)  

 

 (Inspection of Median Barrier) : 

 (Deck)   (Collision Damage) 

  

 

 

6.1.5  (Signing and Lighting) 

 

6.1.5.1    

  

  

 

 (Weight Limit) 

 (Vertical Clearance) 

 (Lateral Clearance) 

 (Narrow Underpass) 

 (Speed Traffic Marker) 

 

 (Weight Limit) :   
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 (Vertical Clearance) : 

 

 

 (Lateral Clearance) : 

  “ ” (Narrow 

Bridge)  (Reflection Stripe Board) 

 

 (Narrow Underpass) :   

  (Striped Hazardous Markings)  (Reflection 

Hazard Markers)  Abutment  Pier 

 

 

 (Speed Traffic Marker) : 

 

 

 

 :    

   

 

 

6.1.5.2   

 5   

 (Highway Lighting) 

 (Traffic Control Lighting) 

 (Aerial Obstruction Lighting) 

 (Navigation Lighting) 

 (Sign Lighting) 

 

 (Highway Lighting) 

  (Lamp or Lumpier) 

 (Bracket Arms)   
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(Anchor Bolt)    (L)  U  

 

 

 (Traffic Control Lighting)   

 

   

  (Lane Control Signals) 

  

 

 (Aerial Obstruction Lighting) 

 

     

 

  

 

 (Navigation Lighting) 

  

      

    

    Substructure 

  Pier  Pier  

 3    

 

 (Sign Lighting) 
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6.1.6  (Approach Roadways) 

 Approach Roadways  

  Deck  

 

 Approach Roadways   4    

 (Pavement Structure) 

 (Sub-Grade)   

 (Embankment) 

 (Embankment Foundation) 

 

 (Approach Roadway) 

 (Bituminous)    (Wearing Surface) 

 (Sub-Base Material)   Approach Roadway  

 (Approach Slab)  (Relief Joint)  

 (Approach Slab)  Abutment 

   

Back  Wall   

 (Pavement)   (Pressing) 

 Approach Slab  Back Wall   (Relief Joint) 

  (Replacement Asphalt Strip)  (Fail) 

  

 (Sub-Grade)   

  (Approach Embankment) 

 

    (Embankment)  

 

 (Inspection of  Approach Roadways)  

 Approach Roadways  (Consolidation)  

(Embankment)  Abutment 

  (Approach Slab)  (Heave)   

(Rotation)  Abutment  (Fill) 
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 6-9  Heaving of the Approach Pavement 

 

  

  

 Approach Roadways  

 

 (Shoulders)    

   (Embankment Slopes) 

   

 

 (Alignment)  Approach Roadways  (Deck–Related Item) 

  Alignment  Approach Roadways 

   (Alignment 

of Approach Roadways)  

 

6.1.7  

 (Deck)   Deck  

 Deck  (Wearing Surface)   

  Deck    

 

Deck   Superstructure  

Superstructure    (Rigid Frames)  (Slabs)   

(Deck Girders)   (Voided slab)  (Box Girders)   
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(Composite Deck)   ,  (Box Beams) 

 (Shear Connection)   Deck  

 Superstructure  Deck     

  

 (Curbs)  (Sidewalk)  (Parapets  Fascias)  (Bridge 

Rails)  (Wearing Surface)  (Scuppers) 

   

  (Expansion Devices)  

  

 Cracks Spalling Scaling Leaning Potholing Delamination 

 Full Depth Failure 

  

(Reinforced Concrete Deck) 
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 6.1  (RC Deck) 

  

9     

 :  

 :   (Spalling) 

(Scaling)  (Delamination)   (Leaching) 

 

7     

 :   (Sealable Cracks)  Scaling 

   Deck  10% 

 

5     

 :   (Open Cracks) 

  5   (Efflorescence)    Scaling 

  Spalling  2%  Deck  20% 

 Deck  Water–Saturated  

 20%  Full Depth Failure 

 :  

(Spalling)  2-5% Deck  Scaling 20–40%  Depth Failure  Leaching   

3     

 : 

  Spalling  5%  Deck 

(Deteriorated)  (Contaminated)    Full Depth Cracks 

   Leaching  Deck 

 :  60%  Deck   Water-Saturated /

 (Deteriorated)  (Contaminated)  

1   

 :  Deck  Full Depth Failure  

0      

 :  

   

  

 :   

 



     

6 – 25 

6.2  
 

Superstructures    

 (Cast in Place or Precast)   

 (Conventional Reinforcement or Prestressed)   2 

 (Cast in Place) 

  (Precast) 

  2   Superstructure 

   

    

  

 (Cracking) 

 (Scaling) 

 (Delamination) 

 (Spalling) 

 (Efflorescence) 

 (Prestressed Concrete Deterioration) 

 (Honey Combs) 

 (Pop–Outs) 

 (Wear) 

 (Collision Damage) 

 (Abrasion) 

 (Reinforcing Steel Corrosion) 

 (Overloaded Damage) 

 

6.2.1  (Inspection of Reinforced  

 Concrete Structures)  

  Superstructure   

 (Cast in Place Slab)  

 T (Tee–Beams) 

 (Through Girder)  

 (Rigid Frame) 
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 (Channel Beams)  

 (Open Spandrel Arch) 

 (Closed Spandrel Arch) 

 

6.2.1.1  (Cast in Place Slab) 

    

  

  10  

  6-10

 6-10  (Multi Span Slab Bridge) 

 :   

  

    Pier 

   (Temperature and Shrinkage Steel) 

    6-11 

 6-11   
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  (Primary Members) :    

 :  

 Bearing   

 (Thermal Movement)  (Bearing 

pressure)   

  (Supports)  

   

 

  (Flexure Cracks)  

  

 (Disintegration of Concrete) 

 Bending Stress   (Efflorescence)  

 (  6-12 )  

  

 

  

  

 

  

  (Skewed Bridges) 

 (Lateral Displacement) 

 

 
 6-12 Delamination  Efflorescence  Rust Stains  Slab 
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6.2.2  Superstructure  

  (Inspection of Prestressed Concrete Superstructures) 

  50   

(High Strength)  (Stressed)  

 (Prestressed)  Tensile Stress 

   

  

  (I) 

 (Composite Decks)   

 (Superimposed Dead Load)  (Non–Prestressed 

Reinforcement)  Deck Slab  Diaphragms  Piers 

 Superstructure    

 (Precast  Voided Slab) 

 (Prestressed  Box  Beams) 

  (Bulb – Tees) 

 (Box Girders) 

 

6.2.2.1  (Precast Voided Slab) 

 :  

 (Cast in Place Slab)     

 (Voids)   

 (Dead Load) 

  21    0.90  1.20 

   0.38  0.45  0.53  0.66    (Prestressed)   

(Posttensioned)  (  6-13)  

 (Tie Rods)  (Grout)  (Shear Keys) 

 (Monolithical)  

 

  (Box Beam) 

  (Box Beam)  (Void) 

    (Solid)  
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 6-13  Prestressed Slab Beam 

 

 6-14  Prestressed Slab Beam 

 

 :      

 (Webs)   

 5  (  6-16)  

 

  :  

 

 :    

 (Bearing Areas)  
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  (Supports) 

 

 (Flexure Cracks)  

 (Compressive Farce)   

   (Overloading) 

 (Loss of Prestress) 

 (Optical Crack Guage)  

 ( )   (Tensile 

Cracks)  (Prestress Eccentricity) 

 (Excessive Prestress Force)  

 (Sagging)   (Loss of 

Prestress)  

   

  

  

   

  

 

 

 

 

 

 6.2.2.2  (Prestress Box Beams) 

 :  40   

  50   

   (Flanges) 

 (Webs)  

  0.9  1.2    0.3-1.5  

  7.5 -15  

 2   (  6-15) 

 (Adjacert Box Beams) 

 (Spread Box Beams) 



     

6 – 31 

  

 6-15 Applications of Box Beams 

 

  (Adjacert Box Beams)   

   (Deck)    

  (Composite)   (Cast in Place)  

    

  “ ” (Multiple Boxes) 

  (Post Tensioned) 

 (Tie Rods)  (Grout)  (Shear Keys) 

 (Monolithic)  

  6-40   (Economical)  

 12-27  

 (Drain Holes)  

 

  (Spread Box Beams)    0.6-

1.8    (Composite Cast in Place Concrete 

Deck)   7.5-26   
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 :  (Flange)  (Web 

Walls)    0.6–

1.25    5  (  6-16) 

 

 6-16  Precast Box Beams  I-Beam 

 

 :    

 

 :   External Diaphragms 

  Diaphragms    

 

 Diaphragms    

 

 

 :  

   

  (Optical Crack Gauge)   
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 (Fascias)  (Bottom 

Chamfers)  

 (Supports)   

  (Bearing Assemblies)  

 (Parallel Cracks) 

 

 (Sagging)    

  

 (Leakage)  

  

  (Shear Key) 

 (  6-17 ) 

  

  

     

  

  (Excessive Deflection) 

 (Misalignment)   

     

  

 

 
 6-17 Leaking Joints  Boxes  
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6.2.2.3   (Prestressed I Beam and Bulb–Tees) 

 :   

  (Neutral Axis)  

  

  6-45    18-35   

   (Multi–Span)  

 (  6-18)  

(Continuous Composite Action)  (Deck)  (Mechanical Anchorage) 

  (End Diaphragm)    (Posttensioning)  

  (Cast in Place)  

 

 

 
 6-18  Prestressed I-Beam 

 

 :  

   0.9, 1.1  1.25   5 

  (Web)   

 

 

 :  (I –Beam)   

 

 :  End Diaphragm  Intermediate Diaphragms  End Diaphragm 

 (Full Depth)  Abutments  Intermediate Diaphragms  

Partial Depth  
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 :    

 

 (Bearing)  End Diaphragm  

(Cast in Place)  

 Fixed Diaphragms  

 (Shear Failure)  

 Intermediate Diaphragms  

 

 (Beam Flange Surfaces) 

 

  

 (Optical Crack Gauge)  

  (Camber) 

 (Deflection)  (Loss of Prestress) 

  

    

   

 

6.2.3     Superstructure  (Evaluation of Concrete             

Superstructures)  

 

 6.2.3.1  (Overall Condition) 

  Superstructure:    

Superstructure  (Condition Rating) 

  (Structural Capacity)   

   

    

   

 Superstructure   

 

 (Superstructure Component) :  (Element)  

Superstructure   (Component) 

   

 Superstructure   Superstructure 

 (Quantitative Evaluation)  (Qualitative Evaluation) 
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 (Quantitative Evaluation) : 

 

 (Qualitative Evaluation) :   “Weak–Link” 

  

  

 

 Superstructure  

 

6.2.3.2  (Load Capacity) 

  

   

 

  

  

 

 

6.2.3.3  (Condition Rating) 

   Superstructure  

    

   

    

 

 

    

    

  (Bearings) 

 Bearing     

  

 (Deck)  Superstructure (Integral with 

Superstructure)   Superstructure 

 (Deck)  Superstructure 

  (Girders) 
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 6-2  Superstructure  

  

9      

 :   

 :   

  

7    

 :  Superstructure   

5     

 : 

  Superstructure  

 

 :  

 

3     

 :  

    

 : 

    

1    

 :  

 

0  

 (Imminent Failure Condition) :  

  

 (Failed) :   
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 6.3  Superstructure  (RC) 

  

9     

 :  

 :   

 (Composite)  (Box)  

(Tee Beam)  (Deck)  Superstructure  

  

7     

 :  (Routine 

Maintenance)  Superstructure  

 (Hairline Cracks)  

 

5     

 :   

   

   

   

(Integral Deck)  Superstructure  

  (No Delanination) 

 :  

  (Secondary) 

 

  (Bearing)   

   

 

(Integral)  Superstructure  

3     

 : 

  

   

   

  Superstructure 

(Substructure)   (Steel Cage) 
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 (Compression) 

 : ,  

  

   

 (Shoring)  (Splice)  

  

  

  

   

   

1    

 :   

  

 (Permanent Deformation)  

  (End Anchorage) 

 

  ( ) 

 

0     

 :  

   

  

 :   

 

 

6.3   
 

Bearing  Superstructure  Superstructure  Substructure 

 Bearing  3  (  6-19)  

1.  Superstructure  Substructure 

2.  

 

3.  (Rotation)  (Dead Load) 

 (Live Load) 
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6.3.1  Bearing  

6.3.1.1 Bearing  (Fixed Bearings)

Bearing  (Fixed Bearing)  Superstructure 

  

 

6.3.1.2 Bearing  (Expansion Bearings) 

Bearing  (Expansion Bearing)  

   Fixed Bearing 

  

    

  

 

 
 

 6-19  Bearing 

 

6.3.2  Bearing 

   Bearing   

1. Sole Plate  Chord  Trusses 

2. Bearing Surface  Sole Plate  Masonry Plate  

Sole Plate  Masonry Plate 

3. Masonry Plate    Masonry 

Plate  Bearing  Superstructure  Substructure 
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4.  (Anchorage)  Bearing  Substructure  Bearing  

  AASHTO  2.5 

  Masonry   25  

   Bearing  4   Bearing Surface 

 

   Bearing -  (Elastomeric Bearings) 

Plain Neoprene Pads 

 Neoprene   

 Superstructure -  Neoprene 

 

Laminated Neoprene Pads 

 Neoprene Pads  Fiberglass  

 Bearing 

 

 
 6-20 Neoprene Bearing 

 

6.3.3  Bearing 

 Bearing  

 Bearing  Superstructure  Bearing  

 Bearing   

 Bearing  
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   Bearing   Masonry Plate 

     

Bearing  

  

 Bearing  (Inspection of Elastomeric Bearings) 

 Bearing  

 Bearing   

 

Neoprene Bearings 

Bearing Neoprene   Bearing  Bearing 

  

 

Bearing   

 Neoprene  Interior Steel Shims  

 Bearing  

 Masonry Plate  

 Bearing  

  Laminated Bearings 

 Sole  Masonry Plates  

Bearing   “Walk”  

 Neoprene  Sole Plate  

 Bearing Neoprene  Sliding Plate Bearing 

 

 Bearing Neoprene  Pot Bearing (  6-21) 

 

 Bearing   Pot Bearing  Neoprene Bearing 

 

 Bearing  
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 6-21  Bearing  

 

 Bearing  

   Bearing   

   Bearing -  1.  Bearing   

  

2.   

3.   

4.  

 

6.3.4  Bearing  

Bearing  Superstructure 

 Bearing  Superstructure  

Bearing   

   

Bearing  Bearing  Superstructure 

 Substructure 

 Superstructure  

-  Bearing  Superstructure  Substructure 

-   Tie-Down (Restraining) 

 

-  Link Hanger  Two-Girder  

 Bearing  Superstructure  

Bearing  
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6.4   (Inspection of Substructures) 
 

 (Substructures) 

 (Superstructures)   

  

  

   

 

 (Footing)  (Underlying Soil)     

    (A 

Concrete-Filled Steel Pipe Pile)  

   (Soil Erosion)   

 (Corrosion)   

 

6.4.1  (Abutments) 

 (Design Characteristics) 

 

  

 

 (Abutment Types) 

   

 6-4   6-22 

 

 6-4  

Full height or closed types: 
- Gravity 

- Counterfort 

- Cantilever 

- Timber bent 

- Crib 

- Mechanically-stabilized earth 

                        Stub, semi-stub, or shelf type 

                        Open or spill-through type: 

- Curtain wall Integral type 
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 6-22  

 

 (Expansion Joint)   

 (Single Row of Piles)  
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  (Plain Cement Concrete) 

   (Stone Masonry)    

  

 Concrete Cantilever Abutment  Stem  Back wall 

 (Toe Steel)  (Heel Steel)  

 Concrete Spill-Through Abutment  Back Wall 

 (Cap Beam)  

  

    

 

 
 6-23  

 (Abutment Elements)

: 

Bridge Seat  

Back wall  (Bridge Seat)  Back Wall  

 (Approach Slab)   

Cheek Wall 

 Check Wall  

Breast Wall   Stem  Web Walls  Breast Walls 
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 (Footing)   

  (Overturning)  (Sliding 

Forces)  Toe  (Overturning) 

 Heel 

 (Piles)   

 

 

 (Inspection Locations and Procedures) 

 

-  (Vertical Movement) 

-  (Lateral Movement) 

-  (Scour) 

-  (Rotation Movement) 

-  (Failure of Material) 

  (Uniform Settlement)  

 (Differential Settlement)  (Uniform Settlement) 

   (Uniform Settlement) 

 30   

  (Differential Settlement)  

 

 (  6-24)  (Single 

Substructure Unit) (  6-25)   

 Tipping  

  (Soil Bearing Failure) 

 (Consolidation of Soil)  (Scour) 

 

    

1.  (Approach Slab) 

 (Deck)  (Pavement Expansion)  Approach Fill 

Expansion   

2.  

3.  
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4.   (Abutment Footing)   

(Foundation) 

5.   

 

 
 6-24  

 

 
 6-25  

 

 (Earth Retaining)    (Retaining Walls) 

  (  6-26) 
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 6-26  Slope Failure 

 

 Slope Failure,  (Seepage) 

 (  Frost Action  Ice)  

  

1.  

2.  

3.  

4.  

5.  

6.  (Clogged Drains) 

7.  

 

 (Scour)

 (Scour)   

 (  6-27)     

 (Probing) 
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 6-27  

 

 (Rotational Movement)

 (Rotational Movement)  Tipping 

 (  6-28)  

(Rotational Movement)     

 (Rotational Movement)  , 

 (Saturation of Backfill)  (Erosion of Back Fill)  

 

 (Rotation Movement)  Tipping  

1.   Battered or 

Sloped Front Face 

 

 

 

 

 

 

 

 

 

 

 

 6-28 



     

6 – 51 

 

2.  

3.  (Clogged Drains)  (Weep Holes) 

4.    

 (Failure of Material) 

  

 

 6-5  

 : 

-  

-  

-  

-  

-  

 : 

-  

-  

-  

 : 

-  

-  

-  

-  

-  Mortar  

 : 

-  

-  

- Maring Borers 

- Caddisflies 

-  (Vermin Damage) 

-  

-  

 

 Stone Masonry  

1.  (Bearing Seats)  (Spalling) 

    (Abutment Seat.) 

2.  (Standing Water)  

3.  (Roadway 

Drainage)   

4.  

5.   
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6.  (Stone Masonry)  Mortar   Mortar 

 

7.  (Stone Masonry)  (Vegetation)  

 (Loose or Missing Stones)  (Weathering) 

 

8.  

 

 

1.  (Bearing Seat)  

2.  

3.  (Cap Beam)   

 

4.  (Investigate Piles Closely at The Ground Line) 

5.   

6.  

 

 

1.  (Bearing Seat)  

2.     (Cap Beam) 

3.  Local Failure  Lagging    

4.  Lagging       

 

5.  

6.  

7.  

8.  Marine Borers  Caddisflies 

 

6.4.2  (Pier and Bents) 

 (Design Characteristics) 

 Bent  

  Bent 
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1. Solid Shaft Pier 

2. Column Pier 

3. Column Pier with A Web Wall 

4. Cantilever Pier with A Web Wall 

5. Column Bent or Open Bent 

6. Pile Bent 

 (Primary Materials) 

 (Piers and Bents)  (Plain Cement 

Concrete)   (Stone Masonry)    

  (Piers and Bents)  

 Concrete Solid Shaft Pier Column Pier or Column Pier with Wall  stem 

 (Column)    

 Concrete Cantilever  Hammerhead Pier  Cap  

Stem    Footing 

 Concrete Column Bent or Open Pier  

   

 Concrete Pile Bent  (Cap)  

   (Footing)    

 

               
        6-29  Column Pier with Web and in Column Pier
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 6-30  Hammerhead Pier 

 6-31  Column Bents 

 

-  (Pile or Bent Cap) 

- Pier Wall or Stem 

-  (Column)  

-  (Footing) 

-  (Piles) 

 (Pile or Bent Cap)  

Pier Wall  Stem  Pier Cap   
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   Overturning 

  (Sliding Forces) 

     

 

 

 

 (Pier Protection) 

 Collision Wall Pier Dolphins  Fenders.  

 Collision Wall Pier    

  Ice Flows 

Dolphins are Single  Sand-Filled Sheet Pile Cylinders Clusters 

    

Fenders   

    

 

 (Inspection Locations and Procedures) 

 

-  

-  (Scour) 

-   

-  

 

 (Vertical Movement) 

  

    

(Spalling)  (Cracking)  (Buckling)  

 Soil Bearing Failure,  (Soil 

Consolidation)  (Scour)  

  

1.   (Deck)  

  (As Well As at Adjacent Piers and 

at The Abutments) 
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2.  

3.   

4.  

5.   

 

 

 (Scour) 

   

    

  

1.  (Probe)   (Pier or Bent)  

2.   

3. Remote Sensing using Ground-Probing Radar 

 

 (Rotational Movement and Lateral Movement) 

 (Rotational Movement)  Tipping   (Lateral 

Movement)    

 

   Tipping  

1.  

2.  Back Wall 

3.  

  

  

(Railing)   (Barrier)  

 

 (Failure of Material) 

 Stone Masonry  Piers  Bents  

1.  Splash Zone    

 (Roadway Drainage) 

2.   (Pier Bent Caps)   

3.  (Bearing Seat)   

4.  Grout Pads  Pedestals     
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5.  

6.   (Collision) 

 (Overstress) 

7.

  

8.    Mortar,   

    

 

 
 6-32  

 

  

1.    

2. Over Water Crossings  Splash Zone (   0.60   High Tide  

 (Mean Water Level) 

 

3.  Pier Bents 

 

4.  (Eccentric Connections) 

5.  

6.  Web Stiffeners ( ) 

7.  

8.    
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9.    (Collision) 

 (Buckling)   (Overstress) 

10.   Top Flange Welds 

 Webs  

 

   

1.     Tapping  

Hammer  Boring The Timber 

 

  

2.  

3.   

 

4.   

5. ,  Marine Borers Shipworms and Caddisflies. 

6.  Marine Borers 

 Checks in The Wood     

 

Dolphins  Fenders 

  Dolphins  Fenders 

  (Concrete Pier Protection) 

 Investigate for Hour-Glass Shaping 

 (0.6 )  

 

  Marine Borers 

Caddisflies  

  

6.4.3  

 (Design Characteristics) 

  Enclose The Approach Fill.   

 (Retaining Walls) 

  

  

  (Stone Masonry)    Concrete Cantilever 
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Wing Wall  Stem  (Toe 

Steel)  (Heel Steel)  

    

- Straight- Extensions of The Abutment Wall 

- Flared-Form and Acute Angle with The Bridge Road Way 

- U-Wings–Parallel to The Bridge Road Way 

 

- Integrat–Cast Monolithecally with The Abutment 

- Independent–Cast Separately   

The Abutment Breast Wall 

 

  

 

 

1.  

2.  

3.  (Scour) 

4.  (Rotational Movement) 

5.  (  6-33) 

 

 Integral Wing Walls 

 Portion Up to The First Construction   

 

 
 6-33  
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7.1   
  

   

  

  

 

7.2   
  

 (Requirements)  

  

   (Dimensions) 

  

  

  

  

   

 (Disturbance) 

 

 

  (Remedical action) 

  

  (ACI 228.1 R) 
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)  

)  

)  

)    Ultrasonic-pulse-

velocity  

 

 

7.3   (Testing and Evaluation) 
  

 (NRMCA 1979, ACI 228.1 R,  Shroff 1986  

1988)  (Assessment and subsequent evaluation)  

  

 

7.3.1  

    

   

 

   

   

 

  

 )  )  )  

(Capillary)  )   ) 

 

   

    

  7.1 ( )  

7.1 ( )  (Acceptability)  

(ASCE 11) 
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 7.1 ( )  
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7 
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 C
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 7.1 ( )  

 

 

 

 

  A
ST

M
 C

42
 

  

 

 A
CI

 4
37

 R
 

(P
et
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gr
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hi

c)
 

 

 

 A
ST

M
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   (Petrographic) 

  

 

7.4   
  

7.4.1  

 

    (Handle)  

(Labeled)  (contamination) 

 

 ASTM C823  

  

  

 

   

   (Quality) 

   

 

 

 

   (Strength)  (Elastic 

modulus)  (Air content)  ASTM E122 

 

)   

)  

)   

 (Isotropic) 

  

    (Deep beams) 

   (Segregation)  
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7.4.2  

ASTM C 42  

 

)  (Diamond-studded core bits) 

   (Shot drill) 

 

)  

 

)  (Core Diameter)  

 3   50  

(2 )  

)  

 

)  

)  

 

)

   50  (2 ) 

 

)  3 

   

 

 

7.4.3  (Random sampling of broken concrete) 

 

 

 

7.4.4  (Petrographic)  

 

(Characteristics)  

 (Qualified petrographer)  
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7.4.5  

 ASTM C856 

 

.    

.   

.  

 

 

7.4.6  

  ASTM C856  

.  

.  

.   

.  

.  

.  

.  

.  

.  

.     

.  (Air content)  (  entrained  

entrapped air) 

.  

.  

 

7.4.7  

 

   

 (Profile) 
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7.4.8  

7.4.8.1  (Destructive testing) 

 ASTM C39 

 C42  

.  2.0   

(Strength correction factors)  ASTM C42 

.    

 (Air-dried)  15  25 ° C (  60-80 ° F) 

 60  7   

.  

 (Lime-saturated water)  40 

  (Outdoor exposure)  

 

.

 

.

 150  300  (6 12 ) 

  (Matured concrete) 

 20 MPa (3000 psi)  70  

60 MPa (9000 psi) (Mindess and Young)  

.      

 

 

 7.4.8.2  (nondestructive testing) 

  

 (Tests of drilled 

cores)  

  2.2.2.2  ACI 437 R  
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7.5  
 

7.5.1  

    

 

.  (Magnetic tests) 

 

)  (Meter)   

   

   175 

 (7 )   

 2   

  0° C (32 °F) 

  (Heat pads)  

  

  

   

(Calibrated)  (Correlated)  (Chipping) 

 

 

 .  (Radiographic Evaluation) 

    (Configuration)  

 (Post- tensioning Strands)  

 450   (18 ) 

 

    

  

  

.  (Radar) 

  (Pulsed radar Systems) 
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.  ( Removal of Concrete Cover) 

   

 

 

 

7.5.2  ( Yield Strength )  

     

 

  

  7.5.3 

  Concrete Reinforcing Steel Institute (1981) 

 

7.5.3    

  

. ASTM A 370   

 

.  (Stress)  

.  

.  

 (Development length)  

.  (Span)  7.5  (25 ) 

 60  (625 )  

(  (Stirrup)  (Ties)) 

.    

 (Strength) 

 

.  400  (16 ) 

 (Machined)  ASTM A370  

  

 

 

 

 



 7  

   

7 - 12

7.6  
 

      

    

  

  (ACI 207.3R) 

 

  

  Pullout Test, Break off Test, Torque Test , Pulloff Test   Maturity Method 

 Infrared thermograohy, ground penetration radar  

 (Stress Wave Propagation)   

 ASTM 

 

.  (Rebound number of Schmidt hammer) 

  

   

   

 0  100  R   R  

   R   R 

 

  

  

  

   

 ASTM (805 C CRD-C-22) 

   

 

  

  

 2-3  

   

  

-  

-  

-  
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-    (   ) 

-  

 

 .  ( ) 

   Windsor Probe 

 8 . (0.32 )    1   3 

  

  5   Moh’s 

hardness   

  

    

 

  

    

  

  ASTM C 803 (CRD-C59) 

   

 

  

   

 

 

   8 . ( 0.32 ) 

   

 

 . Ultrasonic pulse – velocity Method 

  

 

  Pulse Velocity 

 

   

   

  ASTM C 597 (CRD-C51) 
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11   (35 )  

 

  

 

 

. Acoustic Mapping System 

  

 aprons , sills ,   lock chamber   (Stilling basins) 

  (Sonar) 

 

 1.5  12   

(5  40 )  50 . (2 )   0.3 .(1 )   

  

  fulsome 

 Reclamation Project  ( SONEX 1984)  Ice Habor  Walla Walla 

  

 

 9  (30 ) 

 

 

. Ultrasonic pulse-echo (UPE) 

 Pulse – Velocity  Pulse Echo   Pulse 

     

  

 . .1988 (Alexander and Thornton 1988)  Impact pulse – echo 

  Alexander(1980)   

 0.3  (1 ) 

      0.3  

(1 )  Neutral Network Algorithms 

 

 200 kHz  25 

. (1 )   Spatial Resolution   

 5 % 
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 . Radar  

   Ultrasonic Pulse Echo (UPE) 

  

  UPE  

 Radar  

  1 GHz  150  (6 )  

 0.5  (1.5 )   150 

 (6 )  50  75  (2 – 3  )   

0.3  (1 )  75  100  (3  4 )  

   

 

  

   

 

   

 50,000  100,000 US$  

  

   

Pulse    Dielectric Constant  100 %   
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8.1   
 

 

    

  

 (Load Test)  

  

 

 

  

 (Bridge Evaluation)   

 

  

      

 2   

1.  (Static Load Test) 

   

 

2.  (Dynamic Load Test) 
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8.2   (Static Load Test) 
 

 

 

    

 8-1   

(Strain)  (Vertical Displacement)   

 

 
 

 8-1   
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 (Linearity)   8-2  8-3 
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8.3  (Dynamic Load Test) 
 

 

 

   

     8-4 

 

  (Strain)  (Vertical Displacement) 

 (Vertical Acceleration)  Factor 

   (Dynamic Amplification Factor, DAF) 

 (Natural Frequency)  (Damping Ratio)  
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V

V

V

 
 8-4  

 

8.4  
 

8.4.1  (Dynamic Amplification Factor, DAF) 

  

AASHTO  DAF  Impact Factor  DAF  8-1 
 

                     
Sta

Dyn

R
R

DAF                   (8-1) 

 

 DynR  =  

   StaR   =  

 DynR    Dynamic Response  

  StaR
   

Dynamic Load Test  Low Pass Filter  Pseudo-Static  

Dynamic Response  Pseudo-Static 

 Static 

  StaR   Pseudo-Static  
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 8-5  Pseudo Static  Dynamic 

 

8.4.2  (Natural Frequency) 

  

(Free Vibration)   

(Resonance)  

  Time-History  

 Frequency Domain  (Fourier Transform) 

 8-2  Time History 

  8-6  8-7  

  

Frequency Domain  8-8 
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 8-6  Time History  
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Natural Frequency 

6.3

 
 8-8  Frequency Domain  

 

8.4.3   (Damping Ratio) 

 (Damping Ratio) 

   

   

  

 (Free Vibration)  8-3 

1 2ln(Y /Y )
=

2
                                      (8-3) 

 1Y  =  

 2Y  =    
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8.5  
 

  

  

   

  

1)   (Stress)  (Bending Moment)  

2)     

  

3)    Strain Gage 

   

4)      

Roller   

5)   

 

8.6  
 

  

(Thai Truck)     

 8-1  

 2   

 5, 25  50 ./ .  

  2    6x2   8-2 

 8-3 

 

  
 8-9  
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  8-1  

   
 (Ton)  (Ton) 

 

(Ton) 

 1 

( ) 

80-8668 

 4.
75

 m
 

3.95 7.59 11.54 

 1 

( ) 

80-8668 

 4.
75

 m

1.90 m

1.80 m  

6.08 28.95 35.06 

 2 

( ) 

80-2099  

 

4.
75

 m

1.90 m

1.80 m  

7.88 32.87 40.75 

 

        8-2  
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 8-11  
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 8-13  

 

 8-3   

 
 

 1  2  3  4  5  6 

DT-01 -0.69 mm -0.63 mm -0.64 mm - - - 

DT-02 -0.73 mm -0.68 mm -0.66 mm -3.05 mm -2.84 mm -2.91 mm 

DT-03 -0.70 mm -0.66 mm -0.73 mm -3.14 mm -2.68 mm -3.02 mm 

AP-01 

AP-02 

AP-03 

24.1 Hz 24.6 Hz 23.5 Hz 25.3 Hz 26.1 Hz 26.6 Hz 

SG-01 212.3  181.0  179.7  904.2  811.6  820.7  

SG-02 200.8  177.5  186.8  922.0  710  862.5  
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9.1   
 

  

      

  (Finite Element Method)  

(Bridge Response)   (Deflection)  (Stress)   

 (Natural Frequency)  2   

  

 

   

   

  

  Load Test  Visual Inspection  

Material Testing  

  2   

1)   (Global Behavior)  (Local Behavior) 

 

  

2)   
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9.2   
 

 

 3   

 

   SAP2000  STAAD.Pro 2004  

  

9.3  
 

 

   

   
 

9.3.1  

    3   

  9.3.1.1  (Equilibrium Equations) 

  (Element)  

 

   (Joint)   

 

  

 

  3    6   

 F1 = 0 F2 = 0 F3 = 0       (9.1 ) 

 M1 = 0 M2 = 0 M3 = 0  (9.1 )                                    

 2   3   

 F1 = 0 F2 = 0 M3 = 0 (9.1 ) 

 F    M     

1

2

3

Local Coordinate
System

 
 6-1  Coordinate System 
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  9.3.1.2   (Stress-Strain Relationship) 

 

(Linear Stress-Strain Relationship)  (Elastic)   

  (Hook’s Law) 

 (Hook’s Law)  

 (Linear Stress-Strain Relationship) 

   (Modulus of Elasticity, E)  (Poisson's ratio, )  

 (Coefficient of Thermal Expansion and Contraction,  

) 

 9-2   3  (

)       

  (Vector)  9.2 

 9.3  
 

   1 2 3 12 13 23
Tf                (9.2) 

 

   1 2 3 12 13 23
Td       (9.3) 

 

33

13

23

11

13

12 21

23

22

Stress Component  
 9-2   3  

 

  Isotropic  

 

  Stress-Strain Relationship  
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1 1

2 2

3 3

2 1 2 1

3 1 3 1

2 3 2 3

1 - -
0 0 0

- 1 -
0 0 0 1

1- - 1
0 0 0 1
1 00 0 0 0 0

0
1 00 0 0 0 0

1
0 0 0 0 0

E E E

E E E

E E E T

G

G

G

 (9.4) 

 

2 1
E

G  

  Isotropic Materials  (E)  (v) 

  Shear Modulus (

) 

 

 
 9-3  (Boundary Conditions) 

 

  9.3.1.3   

 (Compatibility Requirements)  

    

 (Node Displacement)   (Deformation) 

   

  

 (Boundary Conditions) 

    (Hinge)  (Roller) 
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 (Fixed)  (Spring)  

 3 

  

 

9.3.2  (Static Analysis)   (Dynamic Analysis) 

    
  

   Ku r  (9.5) 
 

  K   = Stiffness Matrix 

r    =   (Vector of Applied Loads) 

  u    =   (Static Displacement, u) 

 Stiffness Matrix   

  (Load Case)  

   Eigen-Value  

(Time History Analysis)  Eigen-Value 

 (Tested Truck) 

   (Maximum Deflection)  

 (Maximum Stress)  

 Eigenvector Analysis  Mode Shapes  Undamped  

 (Frequency)  Eigenvector   
 

 2 0K M  (9.6) 
 

   K       Stiffness Matrix 

  M      Diagonal Mass Matrix 

  2    Diagonal Matrix of Eigenvalue 

         Matrix of Corresponding Eigenvector (Mode Shape) 

 Eigenvalue-Eigenvector  Natural Vibration Mode of Structure  Mode 

  1  n   Mode  

Eigenvalue   Circular Frequency ( )  Mode   Cycle Frequency (f)  

Period (T)  Mode     

 
1

T
f

   
2

f  (9.7) 
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9.4  
 

    

1)  Element 

    Frame 

Element  Girder   Shell Element  (Deck)  Line element  

Truss    

element , ,    (Axi-symmetric Element)  

 

1 2

34

1 2T1x

T1y

T1z

T2x

T2y

T2z

T3x

T3y

T3z

T4y

T4z

T4x

T1x

T1y

T1z

T2x

T2y

T2z

1y

1x 2x

2y

3x

3y

4x

4y

1x

1y

2x

2y

Plate Element Beam Element

2z1z

  Shell  Element Frame Element 
   

 9-4  Element 

 

2)  

  

  

     

  

 

   
 

 
 9-5  Finite Element  
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3)   

    , , 

  

  2    

x-y   

 

 

4) /  /  

   , u 

   x  x  x , x = du/dx  

,     
 

             x = E x          (9.8) 
 

  x    x   

E    

, ,   

  

   

 

5)  Stiffness matrix  

  Stiffness Matrix 

  Stiffness Matrix 

  , ,   

  Stiffness Matrix 

   
 

     

1 11 12 . . 1 1
2 21 22 . . 2 2
3 31 32 . . 3 3

. . . . . . .
1 2 . .

f k k k n d
f k k k n d
f k k k n d

fn kn kn knn dn

      (9.9)        

 

   {f} = [k]{d} 
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 {f}     Matrix  

 [k]     Stiffness matrix  Element  

 {d}        

 n      element 

 

6)  (Loads) 

 (Dead Loads)    

  (Deck)  (Side Walks)  

(Railings)  (Parapets)  (Primary and Secondary Members) Stiffeners 

 (Signs and All The Utilities) 

 

 

 (Truck Loads)  

 AASHTO  (Set of Standard Loading Conditions) 

   9-6 

 

 
 9-6  H  HS 

 

7)  

  5   

Superposition method  Direct stiffness method  
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dKF       (9.10) 

   {F}     

  [K]    Stiffness matrix    

   {d}     

  

 [K]  Singular matrix  Determinant  0  {d}  

 (Boundary Condition)   (Constraints)  

(Supports)  Rigid Body Motion  [K]  Singular Matrix 

   

 

8)  

   d1, d2, d3, …,dn 

  

 

dn

d
d

KnnKnKn

nKKK
nKKK

Fn

F
F

.

.
2
1

..21
.....
.....
2..2221
1..1211

.

.
2
1

 (9.11) 

 {d}  Gauss’s Elimination Method  Iteration Method  

[K]-1  [K]  Singular Matrix 

 

9)  

 

,     

    u       n = du/dx 

 x = E x 

 

10)  
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9.5  

 

 

   

1.  Element  

 Element  Element 

  Element    

Frame Element  Girder   Plate Element  Shell Element  (Slab) 

 

                                                                    

 

 

 

 

 

 

 

 9-7                                            9-8  Beam Element 

          Column Element                             

 

 

 

 

 

 

 

 9-9  Shell Element  
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2.  Element   (Discretization) 

  Element   Element  Node  

Element    Finite Element 

     

 Element 

  Element   

 

3.  (Support Condition) 

  

 Hinge   Roller   Fix 

    

 3   

 

 

 
 9-10   

 

4.  (Loads)  

1)  (Dead Loads – Bridge Self Weight) 

 (Dead Loads)    

    (All the Utilities) 

2)  (Live Loads – Vehicle Loading) 
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 26   (  9.11) 

   

 

 
 9-11  26  

 

 
 9-12  AASHTO 

 

5.  Static  Dynamic   

  Static  Dynamic 

 

 (Displacement Transducer)  (Strain Gage)  (Accelerometer)  
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1.  (Concrete) 

  - Isotopic material 

  - Weight per Unit Volume = 2400  kg/m3 

  - Modulus of Elasticity = 2.80 E+09 kg/m2 

  - Poisson’s Ratio  = 0.2 

  - Shear Modulus  = 9.83 E+08 kg/m2 

2.   (Steel) 

  - Isotopic material 

  - Weight per Unit Volume = 7850  kg/m3 

  - Modulus of Elasticity = 2.038 E+10 kg/m2 

  - Poisson’s Ratio  = 0.3 

  - Shear Modulus  = 8.08 E+09 kg/m2 

9.6  
 

 

 Load Test  

1)  (Main Span) 

2)  (Approach Span) 

3)  

9.7  
 

 

 

    

 (Load Test) 

 

  

9.8  
 

 9-13 
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 1-4  5  2  

  

 9-14  
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00
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00
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 9-13  

 

 
 

 9-14  

 

 
 

 9-15  
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 9-15   Frame 

Element  Shell Element   

 

 9-1  Frame Element 

Moment of  Inertia (cm4) 
  (cm)  (cm2) 

Major Minor 

 

 

2,100 857,500 157,500 

 

30 cm

 

900 67,500 67,500 

 

- Frame Element 

  (Section properties) 

 9-1  (Overall Behavior) 

  Bending Moment   

 

- Shell Element 

 Shell Element  

  (Frame Element)  (Node)  Shell Element 

 22 . (

)   45 .  

  

 

-  Isotropic Material 

-    = 2,400  kg/m3 

-    = 2.40E+09 kg/m2 

-     = 0.2  

-  = 9.9e-06  /°C 

- Shear Modulus    = 3.91E+09 kg/m2 
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 9-16  (Bending Mode =23.3Hz)  

 

 

 
 

 9-17  

 

 

 
 

 9-18   Thai Truck 26 ton 
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10.1   
 

 

  (Analytical Techniques)   

 

    

    

 

    

    

   

 (Rating)   

 (Field Inspection)  (Analytical Study)   

 AASHTO   

 (Loading and Resistance Factors)  

  

    

  (Specification) 

 (Capacities) 

   

  (Manual for Maintenance Inspection of 

Bridges)  AASHTO     
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 (Inventory Level)  (Allowable Stress)   

 AASHTO  

 2   AASHTO     

1.  (Upper Load Level Capacity Rating)  Operating Rating  

 (Maximum Permissible Load)   

2.  (Lower Load Level Capacity Rating)  Inventory Rating  

 (Safe Load)  

 Inventory Rating   (Critical Bridge 

Element)  0.55  (Allowable Stress)   Operating Rating  

 (Maximum Load)    

 0.75  

   

   Rating Factor   Rating Factor  

              1. Inventory Level  

 

       ( )
1.3

1.3(5 / 3)( )
u DL

inv
LL I

M M
RF

M
          (10.1) 

 

              2. Operating Level  

 

                                      
)(3.1

3.1
)(

ILL

DLu
opr M

MM
RF            (10.2) 

 

 

RF    =  Rating Factor 

Mu    =  Ultimate Moment Capacity 

MDL   =  Moment Created by Dead Load  

MLL+I  =  Moment Created by Rating Vehicle Load + Impact (   HS20) 

 

 (Rating Vehicle)  HS20  

AASHTO    Impact 

Factor   MLL+I    “HS”  “H”  

 (Design Loading)    Design Loading 

 Lane Loading     
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 “  ”  AASHTO 

 

 

                             ( ) (1 )L d LRn D RF L I              (10.3) 

 

            
(1 )

L D

L

Rn DRF
L I

            (10.4) 

   

I    = Impact Factor    

 (Dynamic Amplification) 

L    = Nominal Live Load Effect 

D    = Nominal Dead Load Effect 

RF  = Rating Factor 

Rn   = Nominal Strength  Resistance 

 d  = Dead Load Factor 

 L  = Live Load Factor 

L = Resistance Factor (Capacity Reduction) 

  

  Impact Factor (I)   

   Impact Factor    10-2 

   Dead Load Factor ( d)   1.2    

 1.4   (Overlay)  Line Load Factor  

 (Average Daily Truck Traffic – ADTT)  1.3  

(  ADTT  ADTT<1000 )   1.8  

(ADTT>1000 ) 

 Resistance Factor ( L)  (Superstructure Redundancy) 

 (  )  ( ) 

 (   ) 

 Factor   0.55  0.95   10-3 

   10-4 10-5  10-6 
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 10-1 Live Load Moment Values on Longitudinal Stringers or Girders (Foot-Kips) 

 
 

 

 

 10-2 Impact Allowances Based on Condition of Wearing Surface 

Condition of Wearing Surface Impact Effect 

1-    0.1 

2-      0.1 

3-      0.2 

4-    0.3 
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 10-3 Resistance Factors (Capacity Reduction Factors) 

 
 

 10-4 Correction Factors  
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 10-5 Load Factors 

 
 

 10-6 Reduction Factors  Live Loads 

 
 

  Factors     

    Factor 

  Rating Factor   

 

 (Load Capacity)   

1. Total Load Capacity   (Cross-

Sectional Properties)   Stress–Rating  

2.  

3. Line Load Capacity   Total Load 

Capacity   (Dead load) 



     

10 – 7 

4. Line Load Capacity   HS 20 

5.  Line Load Capacity  Line Load Capacity 

   Capacity Rating  

  AASHTO   

   Superstructure    Pier  Abutment  Capacity 

 Superstructure   

 Substructure  Capacity Rating Analysis   (Deck) 

 (Stringer)  (Floor Beams)  Truss  Girder   

10.2    

 

10.2    
 

10.2.1 Concrete Slab Capacity Rating 

 (Concrete Deck )  (Concrete Slab)  Simple 

  Capacity   Inventory  Operating Capacity Ratings) 

 

 

  1  (Concrete  Slab) 

 

 
 10-1 Concrete Slab Data 

 

Clear Span = 4.7 m. 

 Bearing = 5.0 m. 

Concrete Strength, cf   = 210 ksc (3000 lb/in2 ) 

 Grade 40, yf  = 2,800 ksc (40,000  lb/in2) 

Depth of Slab, D = 30 cm. 
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 1: Capacity  Slab   

 DB25   1    4.91 .  (0.79   . )    7  

 1.0 m.      ( sA )  1.0 m.   

sA  = 7 (4.91)  = 34.37   cm2/ m   width 

   (Total tensile force capacity, T )  

s yT A f   = (34.37) (2,800)  = 96,236 kg/m  width 

0.85 c

Ta
f b

 

 

 b  =  1.0 m.  

cf  =  210  ksc 

96,236
0.85(210)(100)

a  =  5.39 cm. 

Nominal Moment ( nM )  Ultimate Moment ( uM ) 

)2/)(( adfAM ysn  

nu MM  

  

    = 0.9 for Flexure   

0.9( )( / 2)u s yM A f d a  

0.9(96,236)(27 5.39 / 2)uM  

Mu     = 2,105,114.38   kg-cm  = 21,051.14 kg-m 

 

 2:  (Dead Load Moment) 

 =  0.3 (2,400) = 720     kg/m/m  width 

 Asphalt  = 0.075 (2,300)  = 172.5  kg/m/m  width 

   =  892.5  kg/m/m  width 

8

2WLMDL

2892.5(5)
8

= 2,789.06  kg-m/m  width 

 

 3:  (Line Load Moment)  

 10-1  HS20  5.0  (16  ) 

MLL = 8,846.80  kg-m/ wheel Line ( 64 k-ft/ wheel Line )  

  Impact  
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50 30%
125

I
L

  
50

(3.28 5) 125x
 

    =  0.35        0.30 

3.1LLILL MM  

              = 8,846.80 (1.3)    =  11,500.84  kg – m / wheel Line 

   1.0   Concrete Slab  

(Wheel Line Distribution)    

AASHTO  4+0.06(3xSpan)  2.10   Span  5.0   1.50  Distribution 

 1  (Wheel Line) 

MLL+ I = 11,500.84/1.5  = 7,667.23   kg – m / wheel Line 

 

  4:  Rating Factors 

))(3/5(3.1
3.1

)(
ILL

DLu
inv M

MM
RF  

21,051.14 1.3(2,789.06)
1.3(5 / 3)(7,667.23)

   1.05  

( )
1.3

1.3( )
u DL

opr
LL I

M MRF
M

 
20,765.32 1.3(2789.06)

1.3(7,667.23)
    1.75  

    5 3opr invRF RF  

 

 5:  Inventory  Operating Rating 

Inventory Rating  = RF(inv) (HS20) 

= (1.05) (HS20) 

= HS21.0 

Operating Rating = RF(opr) (HS20) 

 = (1.75) (HS20) 

 = HS35.0 

  Concrete Slab  

Inventory Rating = HS21.0 

Operating Rating = HS35.0 

 

 2.   (Concrete Girders) 

 (Concrete Deck Girders)  T-Beam  Simple 

Span  15.25   Bearing  ( d ) 

 = 0.75   Slab (  “T”)  16.5  1.9  
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 (Wearing Surface)  Girder = 1.68   Girder  

 (Effective Width)  Slab  1.68   88.4    

210    (3000   )   40  # 11  11  

  HS20 

 

 8.84 m.roadway

1.68 m

30.5

16.5 minus 1.9 wear = 14.6 cm.
b = 1.68 m.

1.9 cm. wearing surface

Steel center
11-#11's, As=110.7

d=75 cm

1.68 m1.68 m1.68 m1.68 m  
 10-2  Concrete Girder 

 

Span c-c Bearings, L = 15.25  

Concrete Strength, cf = 210 ksc (3,000  lb/in2) 

Grade 40 Steel, yf = 2,800 ksc (40,000 lb/in2) 

Steel: 11 Bars, sA : 11 x 10.06 = 110.7 cm2 per beam 

Girder Spacing = 1.68 m. 

Total Depth = 90 cm. 

Effective Depth, d  = 75 cm. 

Slab Thickness = 16.5 cm. 

Stem Width = 30.5 cm. 

Stem Depth = 75 cm. 

Wearing Surface = 1.9 cm. 

Effective Thickness of Slab:  16.5-1.9 = 14.6 cm. 

Unit Weight of R/C Concrete = 2,400 kg/m3 (150 lb/ft3) 

Rating Vehicle = HS20 

 



     

10 – 11 

 1: Total Moment Capacity  Girders ( uM ) 

  (Compressive Block)  

(Effective Thickness)  Slab  Slab  

( b )  1.68    Moment Capacity  

 T-Beams 

 a   Effective Thickness  Slab 

bcf
fA

a yS

'85.0
  

(110.7)(2,800)
0.85(210)(168)

 

=  10.34  cm.   14.6 cm. 

 a  Effective Slab Deck  14.6 cm.  

 168 cm. 

 Nominal  Moment  ( nM )  Ultimate Moment ( uM )  

  ( )( )
2n s y
aM A f d  

  u nM M  

 

  = 0.9  (Flexure)   

0.9( )( )
2u s y
aM A f d  

= 0.9 (110.7)(2,800)(75-10.34/2) 

= 19,480,056.12 kg-cm 

      194,800 kg-m 

 

 2:  (MDL)  

 Deck : (0.165)(1.68)(2,400) = 665.28 kg-m per beam 

 Girder : (0.3054)(0.75)(2,400)  = 549.72 kg-m per beam  

 Curbs, Railings,    = 267.94 kg-m per beam 

 ( wd )   = 1482.94 kg-m per beam 

8

2Lw
M d

DL   
21482.94(15.25)

8
  =  43,110  kg-m 

 

 3:  ( LL IM ) 

 ( HSM )  10-1  HS2O  15.25 

 (50 )  Impact Adjustment  ( I )     Concrete Slab    
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 I   0.286  Impact Factor  1.286 Distribution Factor ( DF ) 

 AASHTO  s /6.0 

 T Beams  2  

HSM = 43,424.2 kg-m per wheel line 

50
125

I
L

      
50

3.28 15.25 125x
 =0.286 

DF  = S / 6.0      =  0.92 

DFMM HSILL 286.1    = (43,424.2)(1.286)(5.5/6.0) 

        = 51,190 kg-m per beam 

  

  4:   Rating Factor   

 
)3/5(3.1

3.1
)(

ILL

DLu
inv M

MM
RF  

194,800 1.3(43,110)
1.3(5 / 3)(51,190)

 1.25  

 
)(3.1

3.1
)(

ILL

DLu
opr M

MM
RF  

194,800 1.3(43,110)
1.3(51,190)

 2.08  

       )(3/5 )()( invopr RFRF  

 

  5:   Inventory  Operating Rating 

 Inventory Rating  = ( )invRF (HS20)    = (1.25) (HS20) = HS25 

 Operating Rating = ( )oprRF (HS20)  = (1.72) (HS20) = HS41.6 

 

 T  

Inventory Rating  = HS25        Gross weight 45.0  

Operating Rating = HS41.6     Gross weight 45.0  

 

  (Gross weight)  HS  1.8 

   HS41.6  74.9  

10.2.2  (Permit Loads) 

 

     HS    

  

Rating Capacity  Capacity  
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 (Bending Moment)  (Truss)   

(Member)   

 AASHTO  Inventory Capacity 

  Operating Capacity  HS Loading  Capacity 

 (Permit Configuration)   

(Linear Computations)  (Force)   (Moment)  

Rating Vehicle  Permit Vehicle    

 Rating Factors  

 Operating Factor ( oRF )  Load Factor  
 

               
1.3

1.3 (1 )
u

o
HS

M D
RF

M DF I
                       (10.5) 

 

  Factor  Geometry   

 Wheel Line  HS 20   HSM    Rating Factor  

Permit Vehicle ( pRF )  oRF   Wheel Line  HS20 Loading 

 Wheel Line  Permit vehicle ( perM r)   Rating 

Factor  Gross weight  Permit Vehicle  Rating  Wheel  Configuration  Permit 

Vehicle    Rating  Factor ( pRF )  1  Permit Vehicle 

 Operating Capacity   HS Loading 
 

                 
)1(3.1

)/()3.1(
IDFM

MMDM
RF

HS

perHSu
O            (10.6) 

 

      )/( perHSOp MMRFRF            (10.7) 
 

  (Heavy Vehicle)  Operating Capacity  

  Operating Capacity 

    Operating Capacity  

 Operating Capacity    Impact Factor Lateral Distribution Factor 

   

  Impact Effect  Permit Vehicle   Actual 

Distribution Factor  Load Test   Yield Strengths  

    AASHTO Guide Lines  
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 3.  Permit Load 

 Permit Vehicle  2   3  Gross Weight 30   

  Simple Supported Steel Beam 

 Non-Composite Reinforced Concrete  Bearing 

 7.6    Operating Capacity  HS26.8  

Rating Factor ( oRF )  1.34   

 

  1:  (Bending Moment)  

         Wheel Line  Permit Vehicle ( perM )  

 7.6   

Permit Vehicle   Influence Line  Bending Moment 

 Simple Span  Bending Moment  Permit Vehicle 

 

6.8 T6.8 T

3.8 m.3.0 m.
0.8 m.

R2R1
 

 

M = 0  Hinge support (R1) 

  R2 x 7.6 = (6.8x3.8)+(6.8x0.8) 

                       R2= 4.12 Tons-m 

         perM = 4.12x 3.8  = 15.64 Tons-m per Wheel Line 

 

  2:    HS

per

M
M

 

 HSM = 14.34 Tons-m (103.7 kip-ft,  10-1) 

 HS

per

M
M

= (14.34 / 15.64) = 0.92 

 

  3:   Permit Rating Factor:  RFp  

  HS
p fo

per

M
RF R

M
 = 1.34(0.92) = 1.23 
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 pRF   1.0  

 Operating Capacity  HS26.8 loading 

 

 4:   Operating Capacity  

   Operating Capacity    (Maximum 

Loads)   Wheel Line Configuration  

 Operating Capacity  = pRf x Permit Gross Weight     

    = 1.23(30) = 36.9  

 36.9   Maximum Gross Weight  Wheel Configuration  Load 

Distribution   Permit vehicle  HS Operating Capacity 

  Operating Capacity  HS Loading     
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11.1   
 

 

1.    

2.   

 0.003 

 

 

gA    . . 

psA     . . 

'
sA     . . 

a     . . 

c     . 

d     . 

'd     . 

pd       . 

'
cf   28     ./ . . 

pcf   ( )   

./ . . 

psf     ./ . . 
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puf     ./ . . 

pyf    ./ . . 

sef     ./ . . 

yf    ./ . . 

1   

pr     

 0.40  /py puf f  0.85 

 0.28  /py puf f  0.90 

   =  /sA bd  

'    =  ' /sA bd  

p    =  /ps pA bd  

 =   '/y cf f  

'  =   ' '/y cf f  

p  =   '/p ps cf f  

 

 

 11-1  

 

  

 ( )n ps ps p

a
M A f d

2
 (11.1) 

 '
' ( )p pu

ps pu p

1 c p

r f d
f f 1

f d
 (11.2) 



     

11 – 3 

    
p

r      

        0.40  0.85  fpy/fpu  0.90 

        0.28  fpy/fpu  0.90 

             fpu    

            1    0.85  fc’  300 ksc 

       0.85 – 0.0008(fc’-300)   0.65  fc’  300 ksc  

                          a      '.sp ps cA f 0 85f b  

 

          ' 0  

 

 11-1  

Tendon Type 

Stress Relieved 

Strand and Plain 

High-Strength Bars 

Low Relaxation 

Strand 

Deformed High-

Strength Bars 

 

 

 

 

At jacking: ( pjf ) 

- Pretensioning 

- Post-tensioning 

 

0.72 puf  

0.76 puf  

 

0.78 puf  

0.80 puf  

 

- 

0.75 puf  

At jacking: ( pjf ) 

- Pretensioning 

- Post-tensioning–At 

anchorages and couplers 

immediately after anchor set 

-    Post-tensioning – General 

 

0.70 puf  

 

 

0.70 puf  

0.70 puf  

 

0.74 puf  

 

 

0.70 puf  

0.74 puf  

 

- 

 

 

0.66 puf  

0.66 puf  

At Service Limit State: ( pef ) 

After Losses 

 

0.80 puf  

 

0.80 puf  

 

0.80 puf  
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11.2   
 

 

  

1.  

2.  

3.  

4.  

5.

  0.003 

6. -   

(Neglect Strain Hardening)   

/    

 

.   

  11-2   
   

 s sT A f                     (11.3) 
 

  
 

 '0.85 cC f ab                      (11.4) 
 

   
 

   0.5jd d a                                    (1.15)    
 

  (Nominal Flexural Strength)  (Ideal Flexural Strength) 

 
 

 nM Tjd Cjd                       (11.6) 
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 11-2  

 

 (Tension Failure) 

  

  s yf f    , C T ,   

 (11.3)  (11.4)   
 

          '0.85 c s yf ab A f                   (11.7) 
 

                                           '0.85
s y

c

A f
a

f b
                                           (11.8) 

  

 (11.5)  (11.6)  
 

        ( 0.5 )n s yM A f d a                  (11.9) 
 

 a   (11.8)  
  

                                                          '

0.59
( )s y

n s y
c

A f
M A f d

f b
                           (11.10) 

 

                                                                       2
'

0.59
1 y

y
c

f
bd f

f
              (11.11) 

 

                                                                      2 ' 1 0.59cbd f                (11.12) 
    

              sA
bd

      , '
y

c

f
f

 

 

 

 

d

b

c

A s

0.003

sf

'0.85 cf

1c

Section
Strain Stress
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 (Compression Failure) 

   s yf f   

 0.003c  

 , c,  11-2  Strain Diagram  
 

0.003
s d c

c
 

          

       0.003s
d c

c
                 (11.13) 

 

      0.003s s s s
d cf E E

c
               (11.14) 

 

 1a c                10.003s s
d af E
a

                      (11.15) 

 

 , C T ,  (11.3)  (11.4)  
 

  ' 10.85 0.003c s s s s
d af ab A f E A
a

    

 

           
'

2 2
1

0.85 0
0.003

c

s

f a ad d
E

               (11.16) 

 

  (11.16)  a   (11.5)  (11.6)  
 

    '0.85 0.5n cM f ab d a                 (11.18) 

 

(Balanced Failure) 

    

 y
s

s

f
E

  Strain Diagram  11-2  

0.003

y

bs

b

f
d cE

c
 

 

  bc  =  
 

               
0.003

0.003
s

b
s y

Ec d
E f

                        (11.18) 
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                                          1
0.003

0.003
s

b
s y

Ea d
E f

                       (11.19) 

  

  ba   
 

 , C=T ,  
 

              '0.85 c b s y b yf a b A f bdf                                
 

     s
b

A
bd

 

 

   
 

            
'0.85 c b

b
y

f a
f d

                         (11.20) 

  

 (11.19)  (11.20)  
 

           
'

10.85 0.003
0.003

c s
b

y s y

f E
f E f

               (11.21) 

 

.   

  11-3  

 

 

 

            

            

            

            

            

   

              

 

 
 

 11-3  

 

d

b

c

As

As
’

s

s
’

0.003

sf

'
sf

'0.85 cf

1c

Section Strain Stress

d’
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  , '
s s yf f f  ,  sf    , '

sf   

   yf      ( )  

 

  
 

     '0.85c cC f ab                 (11.22) 
 

 
 

     '
s s yC A f                 (11.23) 

  

  '
sA  =  

 

  
 

             s yT A f                              (11.24) 
  

   
 

    c sC C C T      
    

   ' '0.85 c s y s yf ab A f A f  
 

          
'

'0.85
s s y

c

A A f
a

f b
                                   (11.25) 

 

  Strain Diagram  

 y

s

f
E    

 

' '
' 10.003 0.003s

c d a d
c a

               (11.26) 

 

10.003 0.003s
d c d a

c a
               (11.27) 

 

    '
s yf f         

'
10.003 y

s

fa d
a E

                        (11.28) 

 

  s yf f    10.003 y

s

fd a
a E

     (11.29) 

 



     

11 – 9 

    
 

      ' '0.85 '
2n c s y
aM f ab d A f d d               (11.30) 

 

   a   (11.25) 

 

  (11.28)  (11.29)   a
 (11.25)   a  Strain 

Diagram    
 

    
' '

'0.85
s s s s

c

A f A fa
f b

                (11.31) 

 

 Strain Diagram  
 

   
'

' ' 10.003s s s s
a df E E

a
       yf               (11.32) 

  

   10.003s s s s
d af E E
a

         yf               (11.33) 

 

  
 

   ' ' '0.85 '
2n c s s
aM f ab d A f d d               (11.34) 

 

 

 (Diagonal Tension Crack)   2   

1.  (Web-Shear Crack)  

2.  (Flexural-Shear Crack) 

/  

   

 

/   

.  

     
 

'0.93c cV f bd                (11.35) 
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  2   

  

 (Flexural Crack)  

  

   
 

               '0.53c cV f bd                 (11.36) 
 

  (11.36)  (11.35)  

  

 

 

.  

/   

  
 

        u
s c

VV V                              (11.37) 

 

     sV    ( .) 

             cV    ( .) 

                          uV    ( .) 

                  0.85  

 

    , uV ,  

 d  

 d   

  

 

    

1.  (Vertical Stirrups)  

2.  (Inclined Stirrups)  45   

 3.  (Bent Up Bar)  30  

 

 , sV ,  
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       sin cosv yh
s

A f d
V

s
               (11.38) 

 

   sV    ( .) 

                         vA   (  1  2 )  

          yhf    ( ./ 2) 

             d    ( .)  

                           s    ( .)  

                            ( )  

 

  (   = 90  )   (1.38)  
 

     v yh
s

A f d
V

s
                (11.39) 

 

  , sV ,  '2.1 cf bd  

/  .  ( )  sV
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12.1   
 

   (

)  

 AASHTO  (Set of Standard Loading Conditions) 

      

  (Truck Traffic)   

 . . 1944 AASHTO  2    H   

HS  2  3  (2,3 axle)   

  H  HS   AASHTO  

  (Lane Load)  

 (Uniform Load)  1   

  1  (Single Concentrated Load)  

Concentrated Load 2  2  

 10   Normal Line  

  

 H20  AASHTO   

   H20  18.2  

 21   12-2  

  H20   

 12-1  HS20  32.7 

 12-3  Lane Load  12-4 
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 12-1  H20 

 

1.30 m 4.10 m 1.80 m 

 

 

12-2  10  

 

 

 12-3  HS20 
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 12-4 Lane Loading  AASHTO 

 

 

12.2  Influence Lines 
 

 

     (Moving Loads)  

 (Concentrated Load)  (Distributed Load) 

   

 (Lane Loading)    (Lane 

Loading) 

   (Member)  

(Connections)   

   Influence Line  

 

 Influence Line  (Plane Structures)  

  (Beams)  (Frames)  (Trusses)    (Plates) 

 (Shells)  (Grids)  Influence Surfaces  

    (Three Dimensional Space Structures) 

 (Design and Analysis) 

 (     )   

 (Three-Dimensional)   

 (Plane Structures)   

 (Lateral Bracing)    

 (Simplification)  

  Stresses   

  (Static Loading) 

 AASHTO   Allowable Stress  (Load Factor 

Design Method)    

 (Fatigue Cracking)  
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(Secondary Members)   (Cross Bracing)  (Lateral Bracing 

Members)  (Connections)   

  (Stress Analysis) 

 3   Influence Line 

 Influence Surface  (Impact Load) 

 Member  
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13.1  Box Girder 
 

  (PC Box Girder Bridge) 

  

  10 – 20   13-1  

 

 
 13-1  

 

13.1.1.   

  Flowchart 
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start

INPUT GEOMETRY DATA :

Width of box girder (b), Depth of box girder (D)

Thick of topping (tp)

INPUT MATERIAL PROPERTY :

Number of tendons (No.), nominal area / bar (As)

Ultimate strength (fu), Yield strength  (fy), Effective depth (dp)

Compressive strength of concrete box girder (fc’), Compressive strength of topping 

Compute total nominal area of tendons (Ast)

( .) ( )st sA No x A

Compute the steel ratio 

/( )p st pA bd
p

Compute 1

1

0.85                          280
0.85 0.05( 280) /70    560 280

0.65                         560

c

c c

c

for f
f for f

for f

Compute Ordinary stress-relieved pr

0.55        / 0.80
0.40         / 0.85
0.28         / 0.90

py pu

p py pu

py pu

for f f
r for f f

for f f

1

Compute concrete ratio (n)

Compute equivalent with (bt)

/c topping c boxn f f

wb nb
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END

Compute steel stress at failure (fps)

11 /ps pu p p pu cf f r f f

Compute depth of equivalent rectangular stress block (a) :

1/p ps w ca A f b f

Compute moment capacity

0.9 / 2n p ps pM A f d a

1

pa t

nM
Compute depth of compression zone (t)

Compute C1

0.85 / 0.85s ps c w p ct A f f b t f b

Storage data

YES NO

1 0.85 c w pC f b t

/ 0.85 /st ps c t pt A f f b t b
Compute C2

2 0.85   18c pC f b t t when t t

Compute ØMn
0.9( 1  arm1

         2  arm2)
nM C xMoment

C xMoment

0.9 / 2n pM C d a
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 1  Box Girder (

 Box Girder)   

 
 

  

 7   .420-2534 (Grade 1725)  Ø 3/8   

 puf    = 17600 ksc.  

 pyf    = 15800 ksc.  

 pif    = 12300 ksc.  

 (Nominal Area)  = 0.5161 2 /cm bar   

   = 40   

 (Box Girder) = 360 ksc. 

   = 64 cm. 

 

 

 stA   

240 0.5161 20.644 cmstA  

 

  psf  

1

1 p p pu
ps pu

c p

f df f w w
f d

. 
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 p  

/ 15800 /17600 0.898py puf f    0.4p  

 1  

1 0.85 0.05(360 280) / 70 0.792857  

 p  

20.644 / 99 64 0.003258p x  

0w w   

 

0.0032589 176000.417600 1 0 16185.34 ksc.
0.792857 360psf  

 a  

20.644 16185.34
11.02956 cm.

0.85 0.85 99 360
st ps

c

A f
a

bf
  

 

/ 2nM c d a / 2n psM f d a  

20.644 16185.34 64 11.02956 / 2 19541675.86 kg.-cmnM  

0.85 360 99 11.02956 64 11.02956 / 2 19541636.7 kg.-cmnM  

 195416 kg.-m.nM  
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13.1.2.   

  Flowchart  

 

 

( )Box Top cw A A w

1 0.8( )e pd D t

1eff ed d

1p ed dp effd d
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Compute (fr)

1.6r cf f

1

Compute Eccentric forced 

Assume     0.85e iP P

Compute (fd)

D
d

c

M cf
I

Compute (fpe)  

e e
pe

c c

P P ecf
A I

Compute (fpe)  

2

c
cr r pe d

IM f f f
c

Compute (Vci)  

max

0.16 i
ci p c d cr

VV bd f V M
M

Compute shear (Vc2)

min 0.45c c pV f bd

1c cV V

minci cV V

3c cV V

Compute (fpc)

/pc e cf P A
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Compute (Vcw)

2

Compute minimum shear reinforcement (Av.min)

,min
3.5

V
y

bsA
f

Compute minimum shear capacity from steel (Vs)

,min /s v y pV A f d s

0.93 0.3cw c pc p PV f f bd V

Compute shear capacity (ØVn)

n c sV V V

END

c ciV V

cw ciV V

c cwV V
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 2  Box Girder 

  

 

 
 

 Box Girder 

 cA    = 4410 cm2 

   = 36.71 cm. 

   = 33.29 cm. 

   = 2.458x106 cm4 

 7   420-2534  3/8   

pif    = 12300  ksc. 

 (Box Girder) = 360  ksc. 

 (Topping) = 210  ksc. 

  =  64  cm. 

  = 20.644  cm2 

   = 35.14  cm. 

 

 

 Box Girder  Topping n  

210 0.5833
360

Topping

Box

f
n

f
 

 Topping wb  

0.583 99 57.75 .wb nb cm  
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bt

tb Topping

d'

yt

yb

N.A
.

b  
 

y  

4410 36.71 57.75 10 75
4410 57.75 10

y  

41.14 cm.y  

newI  

3
2 26 57.75 10

2.458 10 4410 41.14 36.71 57.75 10 75 41.14
12newI x

 43211462 cmnewI  

 Box Girder  

0.441 2400 1058 kg/m.Gw  

 Topping  

0.099 2400 238 kg/m.tw  

  0.68 .x m  Support 

Shear from DL dV =
201296 0.68 12079 kg.

2 2d
Lw x  

Shear from LL iV 9027 kg  

Moment from DL dM
1296 0.68

20 0.68 8513 kg.-m.
2 2
dw x L x  

Moment from LL maxM 13727 kg.-m.  

1.6 1.6 360 30.358 ksc.r cf f  

Assume 0.85e iP P : 0.85 20.644 12300 215833 kg.eP  

215833 41.14 6 41.14215833 146.10 ksc.
4410 3211462

e
pe

c

P Myf
A I
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8513 100 41.14
10.906 ksc.

3211462
G

d
new

M cf
I

 

3211462 30.358 146.1 10.906
41.14

new
cr r pe d

IM f f f
y

 

12923285 kg.-cm.crM  

max

9027 129232
0.16 0.16 360 36 64 12079

13727
i

ci c w d cr
VV f b d V M

M
104057.6 kg.ciV  

215833 48.94 ksc.
4410

e
pc

Pf
A

 

0p eV P y   Slope  tendon  0 

0.93 0.3 0.93 360 0.3 48.942 36 74cw c pc w pV f f b d V  

86121.86 kg.cwV  

  0.68 .x m  86122 kg.cV  

 

min 3.5 / 3.5 36 12.5 / 3000 0.525v yA b spacing f  

sV  

/ 0.525 3000 74 /12.5 9324 kg.s v yV A f d spacing  

 86122 9324 95446 kg.V  
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JOB #
BY #

DATE #
SHEET #

width of box girder (b) 99 cm.
depth of box girder (D) 70 cm.
Cross-Section area (Ac) 4410 cm2

top fiber to N.A. (yt) 33.29 cm.
bottom fiber to N.A. (yb) 36.71 cm.
moment inertia (Ib) 2.46E+06 cm4

Equivalent width (bt) 57.75 cm.
thick of topping (tp) 10 cm.
unit weigth of con. (wc) 2400 kg./m3

Effective depth (dp) 74 cm.
yield stress of reinf. (fy) 3000 ksc.
initial prestress (fpi) 12300 ksc.
fc' 360 ksc.
tatal area of tendon 20.644 cm2

span 2000 cm

distance 100 200 300 400 500 600 700
eccentricity 35.14 35.14 35.14 35.14 35.14 35.14 35.14
shear from LL (VL) 11532 10723 10116 9308 8701 7893 7286
moment from DL (ML) 1072388 2144776 2934123 3723469 4229774 4736079 5026443
shear reinf. Spacing 12.5 12.5 12.5 12.5 12.5 12.5 12.5

Mcr 12542902 11441302 10469302 9626901.53 8914102 8330902 7877302
Vci 154632.31 75657.15 53254.43 39928.8505 32904.39 27155.35 23393.75
Vcw 86121.866 86121.87 86121.87 86121.8658 86121.87 86121.87 86121.87
Vs 9324 9324 9324 9324 9324 9324 9324

Shear Capacity 95445.866 84981.15 62578.43 49252.8505 42228.39 36479.35 32717.75

Shear Capacity of Box Girder
Input Data

Table for computation

0
20000
40000
60000
80000

100000
120000

0 100 200 300 400 500 600 700 800

distance from support

sh
ea

r c
ap

ac
ity
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13.1.3   

 SAP2000 .

 

  

  (Concrete) 

- Isotropic Material 

- Mass Per Unit Volume   = 6 32.450 10  kg/cmx  

- Weight Per Unit Volume   = 3 32.450 10  kg/cmx  

- Modulus of Elasticity   = 5 32.53 10  kg/cmx  

- Poisson’s Ratio    = 0.20  

- Coefficient of thermal Expansion  = 69.9 10  /celsiusx  

- Shear Modulus    = 2105460 kg/cm  

- Specified concrete compression strength  = 2360 kg/cm  

- Bending Reinforcement, Yield stress = 24000 kg/cm  

- Shear Reinforcement , Yield Stress  = 22800 kg/cm  

 

  

-  (width)    = 15 m.  

-   (Span)   = 20 m.  

-  

 

  Box Girder 

-      = 70 cm. 

-  Box    = 99 cm. 

 

     (

 3 ) 
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 13-2   kg.-m.DLM  

 

 
13-3 kg.DLV  

 

 
 13-4  21 21  kg.-m.LLM  

 

 
 13-5  21 21  kg.LLV  
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 13-6  26 26 kg.-m.LLM  

 

 
 13-7  26 26 kg.LLV  

 

  Theoretical Moment Rating Factor  

Box Girder  20   15   

 

 13-1  Theoretical Moment Rating Factor 

 HS 21 Truck HS 26 Truck 

 RF RF 

Load Factor: 

Inventory 

Operating 

 

1.18 

1.54 

 

0.96 

1.24 

 

 13-2  Theoretical Shear Rating Factor (At critical section) 

 HS 21 Truck HS 26 Truck 

 RF RF 

Load Factor: 

Inventory 

Operating 

 

3.69 

4.79 

 

2.98 

3.88 
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13.2  Plank 
  

 PC Plank Girder Bridge  

  

   5-10    13-8 

 

 

 
 13-8  

 

13.2.1.   

  Flowchart 
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start

INPUT GEOMETRY DATA :

Width of Plank girder (b), Depth of Plank girder (D)

Thick of topping (tp), Effective depth (dp)

INPUT MATERIAL PROPERTY :

Number of tendons (No.), nominal area / bar (As)

Ultimate strength (fu), Yield strength  (fy), 

Compressive strength of concrete Plank girder (fc’), Compressive strength of topping 

Compute total nominal area of tendons (Ast)

( .) ( )st sA No x A

Compute the steel ratio 

/( )p st pA bd
p

Compute 1

1

0.85                          280
0.85 0.05( 280) /70    560 280

0.65                         560

c

c c

c

for f
f for f

for f

Compute Ordinary stress-relieved pr

0.55        / 0.80
0.40         / 0.85
0.28         / 0.90

py pu

p py pu

py pu

for f f
r for f f

for f f

1

Compute concrete ratio (n)

Compute equivalent with (bt)

/c topping c boxn f f

wb nb
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END

Compute steel stress at failure (fps)

11 /ps pu p p pu cf f r f f

Compute depth of equivalent rectangular stress block (a) :

1/p ps w ca A f b f

Compute moment capacity

0.9 / 2n p ps pM A f d a

1

pa t

nM
Compute depth of compression zone (t)

Compute C1

0.85 / 0.85s ps c w p ct A f f b t f b

Storage data

YES NO

1 0.85 c w pC f b t

/ 0.85 /st ps c t pt A f f b t b
Compute C2

2 0.85 c pC f b t t

Compute ØMn
0.9( 1  arm1

         2  arm2)
nM C xMoment

C xMoment

0.9 / 2n pM C d a

 
 

 

 

 

 



 13  

   

13 - 20

 3  Plank Girder 

 10    

 

 
 

  

 7   .420-2534 (Grade 1725)  Ø 3/8   

 puf    = 17574 ksc.  

 pyf    = 15816 ksc.  

 pif    = 12300 ksc.  

 (Nominal Area)  = 0.5161 2 /cm bar   

   = 40   

 (Box Girder) = 420 ksc. 

 (Topping) = 300 ksc 

   = 36 cm. 

 

 

 stA   

242 0.5161 21.6762 cmstA  

 n  

300 / 420 0.714286n  

 Topping tb  

0.714286 99 70.71429 cm.tb nb  

  psf  

1

1 p p pu
ps pu

c p

f df f w w
f d

. 

 p  
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/ 15816 /17574 0.899py puf f    0.4p  

 1  

1 0.85 0.05(420 280) / 70 0.75  

 p  

21.6762 / 99 36 0.006082p x  

0w w   

 

0.006082 175740.417574 1 0 15188.73 ksc.
0.75 420psf  

 a  

21.6762 15188.73
13.04161 cm.>

0.85 0.85 70.714 420
st ps

p
c

A f
a t

bf
  

 t   

0.85 / 0.85

 21.6762 15188.732 0.85 420 70.714 10 / 0.85 420 99 2.17256 cm.
st ps c t p ct A f f b t f b

  

1 1 2 2nM C d C d   

0.85 / 2 0.85 10 / 2

     0.85 420 70.714 10 36 10 / 2 0.85 420 99 2.17256 36 10 2.17256 / 2
     9738913 kg.-cm

n c t p p cM f b t d t f bt d t

  97389.13 kg.-m.nM  
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JOB #
BY #

DATE #
SHEET #

width of Plank girder (b) 99 cm.
depth of Plank girder (D) 35 cm.
thick of topping (tp) 10 cm.
number of tendon (No) 42 bar
nomial area / bar (As) 0.5161 cm2

ultimate strength (fu) 17574 ksc.
yield stress (fy) 15816 ksc.
fc' (box girder) 420 ksc.
fc' (topping) 300 ksc.
Effective depth (dp) 36 cm.

 total area (Ast) 21.6762 cm2

concrete ratio (n) 0.714286
equivalent with (bt) 70.71429 cm.
fpy/fpu 0.4

1 0.75
steel ratio ( p) 0.006082
steel at failure (fps) 15188.74 ksc.
stress block (a) 13.04156 cm.
compression zone (t) 2.172541 cm.
compression force (C1) 252450 kg.
compression force (C2) 76784.12 kg.

         C1= 252450 kg.
         C2= 76784.12 kg.

dp = 36 cm.
31 cm.

24.91373 cm.

        Fs = 329234.1 kg.

kg.-m.

Moment Capacity of Plank Girder
Input Data

Computation

Moment Capacity is 97389.28723

 
 

 

 

 



     

13 – 23 

13.2.2  

  Flowchart  

 

 

start

INPUT GEOMETRY DATA :

Width of Plank girder (b), depth of Plank girder (D)

Cross-section area of Plank girder (Ac), top fiber to N.A. (yt)

 Bottom fiber to N.A. (yb), moment inertia of Plank (Ib)

Equivalent width (bt), thick of topping (tp) 

INPUT MATERIAL PROPERTY :

Unit weight of concrete (wc), yield stress of reinforcement (fy)

Initial prestress (fpi), compressive strength of Plank girder (fc’)

Total area of tendon (Ast) 

Compute center of gravity 

/Plank p own t t own sty A y A y A

1

INPUT 

Position for compute shear capacity (x)

Shear from dead load at considered section (Vd)

Shear from live load at considered section (Vl)

Moment from dead load at considered section (Md)

Moment from live load at considered section (Ml)

Eccentricity (e)

Spacing of shear reinforcement (@)

Compute moment inertial of composite section

2 3 2/12Plank Plank p t p Top tI I A y b t A y

Compute Dead load of Plank girder  

( )Plank Top cw A A w
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Compute (d1e)

Compute (fr)

1.6r cf f

1

1 0.8( )e pd D t

1eff ed d

1p ed d
p effd d

Compute Eccentric forced 

Assume     0.85e iP P

Compute (fd)

D
d

c

M cf
I

YES NO

Compute (fpe)  

e e
pe

c c

P P ec
f

A I

Compute (fpe)  

2

c
cr r pe d

IM f f f
c

Compute (Vci)  

max

0.16 i
ci p c d cr

VV bd f V M
M
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Compute (Vcw)

Compute shear (Vc2)

2

min 0.45c c w pV f b d

1c cV V

Compute minimum shear reinforcement (Av.min)

,min
3.5 w

V
y

b sA
f

Compute minimum shear capacity from steel (Vs)

,min /s v y pV A f d s

minci cV V

0.93 0.3cw c pc p PV f f bd V

3c cV V

Compute shear capacity (ØVn)

n c sV V V

END

c ciV V

cw ciV V

c cwV V

Compute (fpc)

e
pc

c

Pf
A
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 4  Plank Girder 

  

 

10

35

99

11.33

 
 

 Plank Girder 

 cA    = 3465 cm2 

   = 17.5 cm. 

   = 17.5 cm. 

   = 3.53718x105 cm4 

 7   420-2534  3/8   

pif    = 12265 ksc. 

 (Plank Girder) = 420 ksc. 

 (Topping) = 300 ksc. 

  = 36.00 cm. 

  = 21.6762 cm2 

  = 10 cm. 

 

 

 Plank Girder  Topping n  

300 0.714286
420

Topping

Plank

f
n

f
 

 Topping wb  

0.714286 99 70.7143 cm.wb nb  
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y  

3465 17.5 70.714 10 35 5
21.31355 cm.

3465 70.714 10
y  

newI  

3
2 25 70.714 10

3.53178 10 3465 21.313 17.5 70.714 10 35 5 21.313
12newI x

 4656384 cmnewI  

 Plank Girder  

0.3465 2400 831.6 kg/m.Gw  

 Topping  

0.099 2400 237.6 kg/m.tw  

831.6 237.6 1069.2 kg/m.dw  

  0.36 m.x  Support 

Shear from DL dV =
101069.2 0.36 4961.9 kg.

2 2d
Lw x  

Shear from LL iV 7812 kg  

Moment from DL dM
1069.2 0.36

10 0.36 1855.28 kg.-m.
2 2
dw x L x  

Moment from LL maxM 7035 kg.-m.  

 

1.6 1.6 420 32.7902 ksc.r cf f  

Assume 0.85e iP P  

0.85 21.6762 12265 225979.8 kg.eP  
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225979 10 21.313225979
3465 656384

e
pe

c

P Myf
A I

 

138.59 ksc.pef  

1855.28 100 21.313
6.024 ksc.

656384
d

d
new

M cf
I

 

656384 32.7902 138.59 6.024
21.313

new
cr r pe d

I
M f f f

y
 

5092533 kg.-cm.crM  

max

7812 50925
0.16 0.16 420 70.714 36 4961.9

7035
i

ci c w d cr
VV f b d V M

M
69860 kg.ciV  

225979 65.217 ksc.
3465

e
pc

Pf
A

 

0p eV P y   Slope  tendon  0 

0.93 0.3 0.93 420 0.3 65.217 70.714 36cw c pc w pV f f b d V

 98326 kg.cwV  

  0.36 m.x  69860 kg.cV  

 

min 3.5 / 3.5 70.714 20 / 3000 1.65v yA b spacing f  

sV  

/ 1.65 3000 36 / 20 8910 kg.s v yV A f d spacing  

 69860 8910 78770 kg.V  
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BY # Somchai
DATE # 9/1/2549

SHEET # 1

width of box girder (b) 99 cm.
depth of box girder (D) 35 cm.
Cross-Section area (Ac) 3465 cm2

top fiber to N.A. (yt) 17.5 cm.
bottom fiber to N.A. (yb) 17.5 cm.
moment inertia (Ib) 3.53E+05 cm4

Equivalent width (bt) 70.714 cm.
thick of topping (tp) 10 cm.
unit weigth of con. (wc) 2400 kg./m3

Effective depth (dp) 36 cm.
yield stress of reinf. (fy) 3000 ksc.
initial prestress (fpi) 12265 ksc.
fc' 420 ksc.
total area of tendon 21.6762 cm2

span 1000 cm.

distance (m.) 36 100 150 200 250 300 350
eccentricity 10 10 10 10 10 10 10
shear from LL (VL) 7812 8710 8045 7380 6751 6121 5493
moment from DL (ML) 703500 871000 1173400 1475900 1656200 1836500 1891000
shear reinf. Spacing 20 20 20 20 20 20 20

Mcr 5092584.6 4796972 4596497 4422752.21 4275737 4155452 4061897
Vci 69859.005 60593.95 43603.87 33670.2845 28449.18 24335.82 21750.27
Vcw 137658.36 137658.4 137658.4 137658.357 137658.4 137658.4 137658.4
Vs 8909.964 8909.964 8909.964 8909.964 8909.964 8909.964 8909.964

Shear Capacity 78768.969 69503.91 52513.84 42580.2485 37359.14 33245.79 30660.24

Shear Capacity of Plank Girder 
Input Data

Table for computation

0
20000
40000
60000
80000

100000

0 50 100 150 200 250 300 350 400

distance from support

sh
ea

r c
ap

ac
ity
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13.2.3   

 SAP2000 .

 

  

  (Concrete) 

- Isotropic Material 

- Mass Per Unit Volume   = 6 32.450 10  kg/cmx  

- Weight Per Unit Volume   = 3 32.450 10  kg/cmx  

- Modulus of Elasticity   = 5 22.53 10  kg/cmx  

- Poisson’s Ratio    = 0.20  

- Coefficient of thermal Expansion  = 69.9 10  /celsiusx  

- Shear Modulus    = 2105460 kg/cm  

- Specified concrete compression strength  = 2420 kg/cm  

- Bending Reinforcement, Yield stress = 24200 kg/cm  

- Shear Reinforcement , Yield Stress  = 22800 kg/cm  

 

  

-  (width)    = 9 m.  

-   (Span)   = 10 m.  

- -  

 

  Plank Girder 

-      = 45 cm. 

-  Plank Girder   = 99 cm. 

 

     (

 9 ) 
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 13-9   kg.-m.DLM  

 

 
 13-10  kg.DLV  

 

 
 13-11  21  21  kg.-m.LLM  

 

 

 
 13-12  21  21  kg.LLV  
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 13-13  26  26 kg.-m.LLM  

 

 

 
1 3-14  26  26 kg.LLV  

 

  Theoretical Moment Rating Factor  

Plank Girder  10   9   

 

 13-3  Theoretical Moment Rating Factor 

 HS 21 Truck HS 26 Truck 

 RF RF 

Load Factor: 

Inventory 

Operating 

 

2.33 

3.03 

 

1.88 

2.45 

 

 13-4  Theoretical Shear Rating Factor (At critical section) 

 HS 21 Truck HS 26 Truck 

 RF RF 

Load Factor: 

Inventory 

Operating 

 

4.05 

5.27 

 

3.27 

4.26 
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13.3  Multi-Beam  
 

  (PC Multi-Beam Bridge) 

 5.00 – 15.00  

 

 

 

 

 

 13-15  

 

13.3.1   

  Flowchart 

 



 13  

   

13 - 34

start

INPUT GEOMETRY DATA :

Width of Multi Beam (b), Depth of Multi Beam (D)

Thick of topping (tp), Effective depth (dp)

INPUT MATERIAL PROPERTY :

Number of tendons (No.), nominal area / bar (As)

Ultimate strength (fu), Yield strength  (fy), 

Compressive strength of concrete Multi beam (fc’), Compressive strength of topping 

Compute total nominal area of tendons (Ast)

( .) ( )st sA No x A

Compute the steel ratio 

/( )p st pA bd
p

Compute 1

1

0.85                          280
0.85 0.05( 280) / 70    560 280

0.65                         560

c

c c

c

for f
f for f

for f

Compute Ordinary stress-relieved pr

0.55        / 0.80
0.40         / 0.85
0.28         / 0.90

py pu

p py pu

py pu

for f f
r for f f

for f f

1

Compute concrete ratio (n)

Compute equivalent with (bt)

/c topping c boxn f f

wb nb

 
 



     

13 – 35 

11 /ps pu p p pu cf f r f f

1/p ps w ca A f b f

0.9 / 2n p ps pM A f d a

pa t

nM
0.85 / 0.85s ps c w p ct A f f b t f b

1 0.85 c w pC f b t

/ 0.85 /st ps c t pt A f f b t b2 0.85  c pC f b t t

0.9( 1  arm1
         2  arm2)

nM C xMoment
C xMoment

0.9 / 2n pM C d a
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 5  Multi Beam 

 24    

15

80

10
5

12

50

3

4
4
12
12
10.5

29 22

24

50

8 8

 
  

 7   .420-2534 (Grade 1725)  Ø 3/8   

 puf    = 17574 ksc.  

 pyf    = 15816 ksc.  

 pif    = 12300 ksc.  

 (Nominal Area)  = 0.5161 2 /cm bar   

   = 34   

 (Multi Beam) = 400 ksc. 

 (Topping) = 200 ksc 

   = 80 cm. 

 

 stA   

234 0.5161 17.5474 cmstA  

 n  

200 / 400 0.5n  

 Topping tb  

0.5 49 24.5 cm.tb nb  

  psf  
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1

1 p p pu
ps pu

c p

f df f w w
f d

. 

 p  

/ 15816 /17574 0.899py puf f    0.4p  

 1  

1 0.85 0.05(400 280) / 70 0.764286  

 p  

17.5474 / 24.5 80 0.008953p x  

0w w   

 

0.008953 175740.417574 1 0 13956 ksc.
0.764286 400psf  

 a  

17.5474 13956
29.40 cm.>

0.85 0.85 24.5 400
st ps

p
c

A f
a t

bf
  

 t   

0.85 / 0.85

 17.5474 13956 0.85 400 24.5 15 / 0.85 400 24 14.7 cm.
st ps c t p ct A f f b t f b

  

 

1 1 2 2nM C d C d   

0.85 / 2 0.85 / 2

     0.85 400 24.5 15 80 15 / 2 0.85 400 24 14.7 80 15 14.7 / 2
     15974180 kg.-cm

n c t p p c pM f b t d t f bt d t t

  159742 kg.-m.nM  
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JOB #
BY #

DATE #
SHEET #

width of Multi girder (b) 49 cm.
depth of Multi girder (D) 80 cm.
thick of topping (tp) 15 cm.
number of tendon (No) 34 bar
nomial area / bar (As) 0.5161 cm2

ultimate strength (fu) 17574 ksc.
yield stress (fy) 15816 ksc.
fc' (girder) 400 ksc.
fc' (topping) 200 ksc.
Effective depth (dp) 80 cm.

 total area (Ast) 17.5474 cm2

concrete ratio (n) 0.5
equivalent with (bt) 24.5 cm.
fpy/fpu 0.4

1 0.764286
steel ratio ( p) 0.008953
steel at failure (fps) 13956.22 ksc.
stress block (a) 29.3992 cm.
compression zone (t) 14.69919 cm.
compression force (C1) 124950 kg.
compression force (C2) 119945.4 kg.

         C1= 124950 kg
         C2= 119945.4 kg

dp= 80 cm.
72.5 cm.

57.65041 cm.

        Fs = 244895.4 kg.

kg.-m.

Moment Capacity of Multi Beam
Input Data

Computation

Moment Capacity is 159737.7416
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13.3.2.  

  Flowchart  

 

 

/MB MB own t TOP own sty A y A y A

2 3 2/12MB MB p t p Top tI I A y b t A y

( )MB Top cw A A w
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Compute (d1e)

Compute (fr)

1.6r cf f

1

1 0.8( )e pd D t

1eff ed d

1p ed d
p effd d

Compute Eccentric forced 

Assume      0.85e iP P

Compute (fd)

D
d

c

M cf
I

YES NO

Compute (fpe)  

e e
pe

c c

P P ecf
A I

Compute (fpe)  

2

c
cr r pe d

IM f f f
c

Compute (Vci)  

max

0.16 i
ci p c d cr

VV bd f V M
M
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Compute (Vcw)

Compute shear (Vc2)

2

min 0.45c c w pV f b d

1c cV V

Compute minimum shear reinforcement (Av.min)

,min
3.5 w

V
y

b s
A

f

Compute minimum shear capacity from steel (Vs)

,min /s v y pV A f d s

minci cV V

0.93 0.3cw c pc p PV f f bd V

3c cV V

Compute shear capacity (ØVn)

n c sV V V

END

c ciV V

cw ciV V

c cwV V

Compute (fpc)

e
pc

c

P
f

A
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 6  Multi Beam

  

 

 
 

 Multi Beam 

 cA    = 2330 cm2 

   = 35.9045 cm. 

   = 44.9055 cm. 

   = 1.449x106 cm4 

 7   420-2534  3/8   

pif    = 12265 ksc. 

 (Multi Beam) = 400 ksc. 

 (Topping) = 200 ksc. 

  = 80 cm. 

  = 17.5474 cm2 

  = 27.934 cm. 

 

 

 Multi Beam  Topping n  

200 0.5
400

Topping

Plank

f
n

f
 

 Topping tb  
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0.5 49 24.5 cm.tb nb  

y  

2330 35.9045 24.5 15 80 7.5
42.934 cm.

2330 24.5 15
y  

newI  

3
2 26 24.5 15

1.449 10 2330 42.934 35.9045 24.5 15 80 7.5 42.9045
12newI x

 42301894 cmnewI  

 Multi Beam 

0.233 2400 559.2 kg/m.Gw  

 Topping  

0.15 0.49 2400 176.4 kg/m.tw  

559.2 176.4 735.6 kg/m.dw  

  0.8 m.x  Support 

Shear from DL dV =
24735.6 0.8 8238.72 kg.

2 2d
Lw x  

Shear from LL iV 11766 kg  

Moment from DL dM
735.6 0.8

24 0.8 6826.37 kg.-m.
2 2
dw x L x  

Moment from LL maxM 10719 kg.-m.  

 

1.6 1.6 400 32.0 ksc.r cf f  

Assume 0.85e iP P  

0.85 17.5474 12265 182936 kg.eP  

182936 27.934 42.934182936
2330 2301894

e
pe

c

P Myf
A I

 

173.8255 ksc.pef  

6826.37 100 42.934
12.732 ksc.

2301894
d

d
new

M cf
I

 

2301894 32.0 173.8255 12.732
42.934

new
cr r pe d

IM f f f
y

 

10352652 kg.-cm.crM  
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max

11766 103526
0.16 0.16 400 24 80 8238.72

10719
i

ci c w d cr
VV f b d V M

M
128021 kg.ciV  

182936 78.5133 ksc.
2330

e
pc

Pf
A

 

0p eV P y   Slope  tendon  0 

0.93 0.3 0.93 400 0.3 78.5133 24 80cw c pc w pV f f b d V

 80935.66 kg.cwV  

  0.8 m.x  80936 kg.cV  

 

2
min 3.5 / 3.5 24 20 / 3000 0.56 cmv yA b spacing f  

sV  

/ 0.56 3000 80 / 20 6720 kg.s v yV A f d spacing  

 80936 6720 87656 kg.V  
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JOB # test
BY # Somchai

DATE # 9/1/2549
SHEET # 1

width of Multi girder (b) 49 cm.
depth of Multi girder (D) 80 cm.
Cross-Section area (Ac) 2330 cm2

top fiber to N.A. (yt) 44.0955 cm.
bottom fiber to N.A. (yb) 35.9045 cm.
moment inertia (Ib) 1.45E+06 cm4

Equivalent width (bt) 24.5 cm.
thick of topping (tp) 15 cm.
unit weigth of con. (wc) 2400 kg./m3

Effective depth (dp) 80 cm.
yield stress of reinf. (fy) 3000 ksc.
initial prestress (fpi) 12265 ksc.
fc' 400 ksc.
total area of tendon 17.5474 cm2

span 2400 cm.

distance (m.) 80 100 200 300 400 500 600
eccentricity 27.934 27.934 27.934 27.934 27.934 27.934 27.934
shear from LL (VL) 11766 11059 8932 8361 7789 7218 6646
moment from DL (ML) 1071900 1607850 2143800 2940450 3737100 4261250 4785400
shear reinf. Spacing 20 20 20 20 20 20 20

Mcr 10351332 10188029 9415649 8716828.72 8091569 7539869 7061729
Vci 128134.91 84438.18 52857.67 37678.1998 29021.54 24192.75 20492.98
Vcw 80935.671 80935.67 80935.67 80935.6714 80935.67 80935.67 80935.67
Vs 6720 6720 6720 6720 6720 6720 6720

Shear Capacity 87655.671 87655.67 59577.67 44398.1998 35741.54 30912.75 27212.98

Shear Capacity of Muli Beam
Input Data

Table for computation

0
20000
40000
60000
80000

100000

0 100 200 300 400 500 600 700

distance from support

sh
ea

r c
ap

ac
ity
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13.3.3   

 SAP2000 .

 

  

  (Concrete) 

- Isotropic Material 

- Mass Per Unit Volume   = 6 32.450 10  kg/cmx  

- Weight Per Unit Volume   = 3 32.450 10  kg/cmx  

- Modulus of Elasticity   = 5 22.53 10  kg/cmx  

- Poisson’s Ratio    = 0.20  

- Coefficient of thermal Expansion  = 69.9 10  /celsiusx  

- Shear Modulus    = 2105460 kg/cm  

- Specified concrete compression strength  = 2400 kg/cm  

- Bending Reinforcement, Yield stress = 24200 kg/cm  

- Shear Reinforcement , Yield Stress  = 22800 kg/cm  

 

  

-  (width)    = 14 m.  

-   (Span)   = 24 m.  

- -  

 

  Multi Beam 

-      = 95 cm. 

-  Multi Beam   = 49 cm. 

 

     (

 0.5 ) 
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 13-16   kg.-m.DLM  

 
 13-17  kg.DLV  

 
 13-18  21  21  kg.-m.LLM  

 

 
 

 13-19  21  21  kg.LLV  
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 13-20  26  26 kg.-m.LLM  

 

 
 13-21  26  26 kg.LLV  

 

  Theoretical Moment Rating Factor  

Multi Beam  24   14   

 

 13-5  Theoretical Moment Rating Factor 

 HS 21 Truck HS 26 Truck 

 RF RF 

Load Factor: 

Inventory 

Operating 

 

1.40 

1.86 

 

1.13 

1.50 

 

 13-6  Theoretical Shear Rating Factor (At critical section) 

 HS 21 Truck HS 26 Truck 

 RF RF 

Load Factor: 

Inventory 

Operating 

 

7.20 

9.58 

 

5.82 

7.74 

 

 



   

 14 
 

 

 

 

 
 

 

 

 

14.1   Rating Factor 
 

 Diagnostic Load Test  

  Load Test  

  Diagnostic Load Test 

 (Uncertainties)   

  

    Diagnostic Load Test 

 Rating factor  

 Diagnostic Load Test  

(Critical Member)  

  Rating  14.1 
 

             T cRF RF K                                                                     (14.1) 
  

 TRF  =  Rating Factor   

                             

 cRF  =  Rating Factor   

 K     =   

                            
  

  cRF   14.2 
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(Capacity)-(Factored Dead Load Effect)

(Factored Live Load Effects Plus Impact)cRF                (14.2) 

    

  Area  Section Modulus  cRF  

  Non-Composite  Composite 

  

  K   14.3 
 

          ba KKK 1                   (14.3) 
 

  aK   Load Test 

                                bK   

 

(Redundancy due to non-structural elements) 

 

  Load Test  ( K )  1  K > 1 

  K < 1 

 

  
 

1c
a

T
K                   (14.4) 

 

  T  =  Strain  Load Test  

c          =  Strain   Load Case   
 

   
    

( )
T

c
L

SF E
                  (14.5) 

 

  
 

321 bbbb KKKK                  (14.6) 
 

 1bK   (Inherent Capacity) 

  1bK   

 1bK  14-1 
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 14-1  1bK  

 

Rating Load Level (1.33W ) 
 

Yes No 
W
T

< 0.4 0.4 <
W
T

< 0.7 
W
T

> 0.7 

1bK  

     0 

     0.8 

     1.0 

     0 

     0 

     0.5 

 

 T   ( )  

 W   ( )  

(  Impact Factor) 
 

 1bK  

(1)  Linear Elastic 

(2)  1.33W   Composite Action  
 

2bK    14-2 

 

 14-2 2bK  

 

  
2bK  

  1  2  0.8 

  1  0.9 

  1  2  0.9 

  1  1.0 
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3bK   14-3  Redundant System 

 

 14-3  3bK  

Fatigue Control Redundancy 

No Yes No Yes 

3bK  

 x x  0.7 

 x  x 0.8 

x  x  0.9 

x   x 1.0 

 

 

14.2  Rating Factor 

 

14.2.1 Box-Girder Bridge 

 

  Box Girder  20   15   

5 MIN CAST-IN-SITU
CONCRETE TOPPING

 
 14-1  

 

: 

  ADT > 1000  
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Start

Input Data (Load Test)

T

 Input Data (Theoretical)
   I, DF,    ,   ,ncSF cSF (1 )RL I

Compute

=c ( )
TL

SF E

c T

Compute

1c
a

T
k

Find

1 2 3, ,b b bk k k

Compute

1 2 3b b b bk k k k

Compute

1 a bK k k

Compute

T cRF K RF

Compute

T cRF RF

End

NoYes

 
 14-2  Rating Factor  
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  3   AASHTO C/E 

 Load Factor  14-4  14-5 

 

 14-4  Theoretical Moment Rating Factor 

 HS 26 Truck 

 cRF  R (tons) 

Load Factor: 

          Inventory 

          Operating 

 

1.41 

1.84 

 

- 

- 

 

 14-5  Theoretical Shear Rating Factor 

 HS 26 Truck 

 cRF  R (tons) 

Load Factor: 

          Inventory 

          Operating 

 

2.89 

3.76 

 

- 

- 

 

  Rating   Simple-Supported Beam 

   

Stress   Section Modulus  
  

Non-composite section modulus to bottom of steel at maximum moment section 

30.075ncSF m  

Composite section modulus to bottom of steel at maximum moment section 

 30.0977cSF m  

Maximum live load moment plus impact due to rating vehicle  

 (1 )RL I = 93 -  (stringer moment including AASHTO design distribution) 

Maximum dead load moment = 63 -  

AASHTO Factor I=0.26; DF=1.33 
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  Diagnostic  

  Strain Gages  

  14-3   

 Maximum Strain 

 

 

1.30 m 4.10 m 1.80 m 

 

 
 

 14-3  

 

  HS 26 Truck  Maximum Strain  150  

  14-4 

 

 
 14-4  Maximum Strain 

  

  SAP2000  14-6 
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 14-6  

 ( - ) 

HS21 Truck HS26 Truck 

TL  (1 )RL I  TL  (1 )RL I  

44 74 55 93 

 

  HS26 Truck 

  Maximum Strain  Box  Maximum Moment 

 Composite Section Modulus 
 

c = 
( )

T

c

L
SF E

= 6
55

0.0977 2.53 10
= 223  

 

  Steel Stringer  Concrete Deck  Strain  Non-Composite 

Section Modulus   
 

           6
55 290

0.075 2.53 10
 

 

  Strain  Box  
 

   150T   
 

  Strain   Apparent Section Modulus ( ASF ) 
 

 

 

 Composite Section Modulus  AASHTO 30.0977 m  Apparent Section 

Modulus  

  Strain  Strain  

  TRF   cRF   K  

  K   2     

 

1 a bK k k  

 

  ak  

3
6 6
55 0.145

(150 10 )(2.53 10 )
ASF m
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1c
a

T
k  

290 1 0.93
150ak  

 

  bk  

1 2 3b b b bk k k k  

 

 1bk   
T
W

  14-1 

 

  
55 0.59

(1 ) 93
T

R

LT
W L I

 

 

   
T
W

  0.4  0.7  1.33W

  1 0.8bk  
 

 2bk   5-2  
 

  2bk =0.8 
 

 3bk   14-3  Redundant System 
 

  3bk =0.8 
 

 

Microsoft Office Excel 2003.lnk
 

1 (0.93)(0.51) 1.47K  
 

 
 

T cRF RF K  
  

  Rating  Load Test  14-7  14-8 
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 14-7  Moment Rating Factor 

 HS 26 Truck 

 TRF  R (tons) 

Load Factor: 

          Inventory 

          Operating 

 

2.07 

2.70 

 

- 

- 

 

 14-8  Shear Rating Factor 

 HS 26 Truck 

 TRF  R (tons) 

Load Factor: 

          Inventory 

          Operating 

 

4.25 

5.53 

 

- 

- 

 

 

 

 

 

 



   

   

 
  

 
 

 

 

Abrasion  

Aerial Obstruction Lighting   

Aggregates  

Approach Barrier   

Approach Embankment   

Approach Roadways  

Approach Slab   

Asphalt  

Beams and Girders    

Bracing    

Bridge Barrier   

Bridge Deck  

Bridge Railing   

Bucket Truck  

Buckling  

Cap Beam   

Catenaries and Suspender Cables  

Cellular Seal  

Chain-Drag   

Channel Embankment  

Channel Embankment Protection  

Channel Streambed  

Cleanout Plugs  

Clogged Drains   

Collision Damage  

  - 1



   

   

Component  

Compression Seal  

 

Connection Slippage –   

Consolidation   

Construction Joints   

 

Contamination  

Corrosion–Rusting  

Counter Fort  

Curb Line  

Curing  

Curtain Wall  

Damping Ratio  

Debris  

Deck Drains and Inlets  

Deck Geometry  ( )  

Deck Joint  

Deficiencies  

Deformation  

Delamination  

Diaphragms  

Dirt  

Disturbance  

Downspout  Pipes  

Drainage  

Drainage Trough  

Duct  

Earth Retaining  

End Treatments   

Erosion of Back Fill   

Exposed Bars   

Fasteners  

  - 2



   

Fathometer  

Fenders  

Fill   

Finger Plate  

Finger Plate Joints  

Flexural-Shear Crack  

Floor Beams and Stringers  

Formed Joints  

Friction Piles  

Frost Action  

Full Depth Failure  

Grates  

Greasing  

Ground-Penetrating Radar  

Gusset Plate   (Truss) 

Heave   

Highway Lighting   

Hydraulic Opening  

Impact Damages  

Impact-Echo 

 

Impact Attenuator   

Improved Workability  

Increased Durability  

Integrity   

Lateral Clearance   

Lateral Displacement  

Leakage  

Manlift  

Masonry Plate  

Median Barriers   

Modular Elastromeric Seal   

  - 3



   

   

Moisture Content  

Narrow Underpass   

Navigation  

Navigation Lighting   

Navigational Lighten Aids  

Non–Composite Deck 

 

Open Joints    

Outlet Drains   

Outlet Pipes  

Pavement   

Pedestrian Railing   

Piles  

Plain Cement Concrete   

Plain Concrete   

Plank Seal  

Platform    

Poured Joint Seal   

Precast  

Prefabricated Elastromeric Seal  

Probing   

Rating Factor  

Rebound and Penetration  

Reduced Cracking  

Reinforcing Steel Strength  

Relief Joint   

Replacement Asphalt Strip   

Rigging  

Rotational Movement   

Roughness  

Run Off   

Safety Features  

Saturation of Backfill   
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Scaffolds   

Scour  

Seepage  

Settlement  

Shear Connector  

Shear Key  

Sheet Seal  

Shielding   

Shovel  

Sign Lighting   

Skewbacks or Arches  

Skewed Bridges  

 

Sliding Plate Joint  

Slotted Steel Anchorage   

Snoopers   

Speed Traffic Marker   

Splitting –   

Steel Reinforced Neoprene   

Stone Masonry   

Strain Gages  

Strand  

Stringers   

Strip Seal  

Structural Evaluation  

Sub-Base Material   

Sub-Grade   

Substructure  

Superstructure  

Tachometer  

Tie Bar   

Tilting  

  - 5



   

   

Traffic Control Lighting   

Transitions  

Unevenness  

Vertical Clearance   

Waders  

Water Depth Scales  

Waterproof Membrane  

Wearing Surface    

Web-Shear Crack  

Weep Holes   

Weight Limit  
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