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   5   

1.  (Physical Deterioration)  (Drying 

Shrinkage)  (Settlement)  (Plastic Shrinkage) 

 (Freezing and Thawing) 

2.  (Chemical Deterioration)   (Carbonation) 

 (Acid Attack)  (Sulfate Attack) 

 (Alkali-Aggregate Reaction) 

3.  (Mechanical Deterioration)   (Abrasion) 

 (Erosion)  (Cavitation) 

4.  (Biological Deterioration)     

  

5.  (Mixed Process)    

 

1.  (Concrete in Fresh State) 

 

2.  (Concrete in Plastic State)   

 

3.  (Concrete in Early Age State) 

 

4.  (Concrete in Hardened State)  

 

5.  (Concrete in Long-Term State)  

   

    

      

    

 

 
 

1.2    
  

1.2.1  (Settlement Crack) 

  

   

-    

1 - 2



   

-  ( )    

 

-  

 

 

1.2.2  (Plastic Shrinkage Crack) 

  

   

 (Concrete in Plastic State)  

   

(Capillary Pores)   (Capillary Tension) 

 

  

  (Drying Shrinkage)  

(Drying Shrinkage Crack)  

   

 0.1  1   25  50  

  1 ./ . ./  

 

   

     

 
 

1.3  
  

1.3.1  (Temperature Cracking) 

   (Mass Concrete) 

 

   

  (Tightness) 

  

  (Hydration Reaction) 

 (Exothermal Reaction) 

 

   

1 – 3 
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 0.5 ./ . ./   

  

 

  

 

 

1.3.2  (Autogenous Shrinkage) 

 

   4   

1.  (Chemical Shrinkage  Hydration Shrinkage) 

2.  (Autogenous Shrinkage) 

3.  (Drying Shrinkage) 

4.  (Carbonation Shrinkage) 

 

 

 (Gel Pores)   (Microscopic Volume 

Reduction)  

  

 

 3  
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  (Chemical 

Shrinkage) 

 (Capillary Pores)   

 Capillary Suction    

  

  

   

 

  

 

1.4   
  

1.4.1  (Drying Shrinkage) 

 

   

 

  

   (Capillary 

Pores)   (Free Water)  

    

  

 

  

  

 

 

1.4.2  (Alkali-Aggregate Reaction) 

 (Alkali Hydroxides) 

    

 (Pore Solution) 

 (Gel)  

 3  

1. Alkali-Silica Reaction 

2. Alkali-Silicate Reaction 

3. Alkali-Carbonate Reaction 

1 – 5 



 1  

   

Alkali-Silica Reaction  

(Silica)  (  Crystalline  Amorphous)  

 

Alkali-Silicate Reaction 

 (Silicate)  Alkali Silicate Reaction 

 Alkali Silica Reaction    (Silicate Gel)  

  

 Alkali Silicate Reaction  Alkali Silica Reaction 

 Alkali Silica Reaction  2  Alkali Aggregate 

Reaction (AAR)  Alkali Silica Reaction   Alkali Silicate Reaction 

 Greywacke, Phyllite  Argillite  

Alkali-Carbonate Reaction 

  Argillaceous (Clayey) Dolomitic limestone   Dolomitic 

limestone  Dolomite  50 μm  Calcite  (Clay 

Minerals)  Alkali Aggregate Reaction   

Alkali Silica Reaction  Alkali Silica Reaction  

  

  Alkali Silica Gel  Gel 

  Gel 

 

  

 

  AAR   

(Map Cracking)        

  Reactive Silica  

 Gel  

    

   

   

1.4.3  

  

  (Anodic Process)  

 (Fe2+)  (2e-)  

 12.5  13.5   
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   3  

1.  (Anodic Process) 

  pH  9    10  

 (Critical Level)  

   (Carbornation)  

 

 

2.   (Fe2+)  

  

3.  

 

(Unsaturated Pores) 

 (Saturated Pores)    

 

 

   

 Electrolysis  
 

  Fe                                       Fe2+ +  2e-                (1.4.3.1)  

   

  (Fe2+)    

 (Anodic Process)  2e- 

    ((OH)- )   

 2e-  + 
1
2

O2  +   H2O                                          2(OH)-                         (1.4.3.2) 

 

  (Cathodic Process)  

 

4Fe2+ + 6(OH)-   +  3O2                                   2 Fe2O3  +  3H2O         (1.4.3.3) 
 

 Fe2O3     (1.4.3.3) 

  

   2  

1.  ( ) 

 (Fe2+)  (e-) 
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2.  

  6 

 

  (Splitting 

Crack) 

   

 (Fatigue Strength)  (Elongation Ability) 

  (Stiffness)  

   

 

1.4.4  (Carbonation) 

   

 (Ca(OH)2)   (C-S-H)  

  
 

  Ca(OH)2  +  CO2                                               CaCO3  +  H2O                               (1.4.4.1) 

 

  3CaO.2SiO2.3 H2O  + 3CO2               3CaCO3.2SiO2.H2O              (1.4.4.2) 
 

  (1.4.4.1)  (1.4.4.2)  

  

 (CO2)   

 ( Unsaturated Pores )  

  

(Pore Structure)   

  

 

   

  (Semi-Dry)   40  

60  

 3   

1.  

1 - 8



   

2.   

(Ca(OH)2)  

  

 

3.  (Carbonation Shrinkage)   

  (Ca(OH)2)  

 (C-S-H)   ( Dehydrate)  

   3   2 

  1  

   

 

 

1.4.5  (Steel Corrosion due to Chloride) 

   ( Chloride Ions) 

 

 

      ( 

)    (CaCl2)   

 ( . 1014 – 40) 

     

 (De-Icing Salt) 

 

1.  (Capillary Suction) 

2.   (Chloride Ions) 

 

3.   

   

   

  

  (Splash Zone) 

 (Atmospheric Zone)  (Tidal Zone)  

(Submerged Zone)  
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  Absorption  Capillary Suction 

 (Saturated)  

   ( Chloride 

Ions)   

  

 (Saturated)   

 

 

  

      

    

 

 ( )  

   (Chloride Ions)  

(Threshold Content of Chloride Ions)  

 

1.4.6   

         (Steel Corrosion Due to Low  Quality Construction) 

     

   

  

       

   

   

  

   

  

  

  

  1-2   
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1.4.7  (Sulfate Attack) 

  (SO4
2-)  

   (NaSO4)     

(MgSO4)   (CaSO4)  

     

    

 

 

1.4.8  (Acid Attack) 

 

  

    

   pH  6.5   4.5  

   Carbonic , 

Hydrochloric , Hydrofluoric , Nitric , Phosphoric , Sulfuric , Acetic , Citric , Formic , Humic , Lactic  Tannic 

  

1.   

2.  

(H2SO4)  

3.   H2SO4  H2CO3  

    

  (C-S-H)  (C-A-H) 

   (HCl)  

(CaCl2)  (H2SO4)  (CaSO4)  

 

   

  

   

 

 

   

  

(HCl)   (CaCl2) 
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1.4.9     

         (Abrasion, Erosion and Cavitation) 

  3    (Abrasion) 

 ( Erosion)  (Cavitation)  

1.  (Abrasion)   (Sliding) 

    (Scraping)  (Percussion)  

  

2.  (Erosion) 

  

     

   

     

3.  (Cavitation) 

  

 

  

 

1.4.10  (Deterioration in Marine Environment) 

    

     

   

    

    5 

 

1.  (Sea Bed Zone) 

2.  (Submerged Zone) 

3.  (Tidal Zone) 

4.  (Splash Zone) 

5.  (Marine Atmospheric Zone ) 

 

 

   

-  
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-  
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2.1   
 

   

 (Cracking) 

 (Scaling) 

 (Delamination) 

 (Spalling) 

 (Efflorescence) 

 (Honeycomb) 

 (Pop-Out) 

 (Wears) 

 (Collision Damage) 

 (Abrasion) 

 (Overload Damage) 

 (Reinforced  Steel Corrosion) 

 (Prestressed Concrete Deterioration) 

 



 2  

   

2.2   (Cracking) 
 

   

    (Crack 

Gauge)  

  (Main Members) 

 Member   

  (Hairline)  (Medium)   (Wide) 

  

 

    

   

       

     

  

  2    (Structural Cracks) 

 (Non Structural Cracks) 

   (Dead load) 

 (Live Load)  2   

 (Flexure Cracks) 

 (Shear Cracks) 

 
 

 
   

 2-1  

 

2 - 2



   

  (Vertical)  (Maximum 

Tension Zone)  (Maximum Moment Trussing)   (Compression 

Zone)      Flexure 

Stresses   Continuous Member  Members  Pier 

   (Web)  

  (Bearing)  Member  

 Member 
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 (Non Structural Cracks)  3   

 (Temperature Cracks) 

 (Shrinkage Cracks) 

 (Mass Concrete Cracks) 

  Member  

     

  

 (Shrinkage Cracks) 

 (Curing)   

Mass Concrete Cracks  (Temperature 

Gradient)    
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 (Concrete Bridge Decks)  

 (Transverse)  (Longitudinal)   (Retaining Walls)  

Abutments   (Vertical)   

 Member    Stress   

   

 

2.3   (Scaling) 
 

 

 (Gradual and Continuing)  

  (Aggregate)  4   

 –   6  

 (Coarse Aggregate)  

–    6   1.2  

 

 –   1.2  2.5  

 (Coarse Aggregate)  

 –   

   2.5   

 (Exposed) 

 Scaling  

 

 

 
 2-2  
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2.4  (Delamination) 
 

   

   

 10  

   

 Member    (Delamination)  

   

 

 
 2-3  

 

 
 2-4  

2 – 5 
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2.5   (Spalling) 
 

 

   

 

    

  2.5   15 

 

  2.5   15 

 

   

 

 

 
 2-5  

 

2.6  (Efflorescence) 
 

   

( - Calcium Chloride) 

       (Contaminated) 

 

2 - 6



   

 
 2-6  

 

2.7  (Honeycomb) 
 

  (Improper Vibration)

   

 

 2-7  

 

2.8   (Pop-Out) 
 

  (Conical)   
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 (High Alkaline)    

 

 

2.9  (Wears) 
 

 (Exposed to Traffic) 

 

 
 2-8  

 

2.10  (Collision Damage) 
 

    

 (Sensitive)  

 

2.11   (Abrasion) 
 

 Member   
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 2-9  

 

2.12  (Overload Damage) 
 

 (Overstressed) 

 

 

2.13  (Reinforced Steel Corrosion) 
 

   

    

 

 
 2-10  
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  (Rust)  

 

 

2.14   (Prestressed Concrete Deterioration) 
 

 Member 

   

Member      Member   Member 

  Zipper Effect   (Relaxation)  

  Tensile Stress     

 Relaxation   Member   

 Member   Creep   Strength 
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3.1   
 

    

       

  

  (Systematic Preventive Maintenance) 

  (Day-to-Day) 

   (Periodic Inspection)  

  

   

  

 

3.2   
 

3.2.1   

  (Deck)  

(Wearing Surface)  (Joint)  (Railing)  (Parapet)  (Barriers)  (Curb)  

(Sidewalk)  (Deck Drainage System) 

  (Deck) 

   (Chloride) 

 

 



 3  

   

 (Visual Inspection) 

   (Delamination) 

  (Chain Drag)  

 

 
 3-1  

 

 
 3-2  

3 - 2



   

 
  3-3  (Water Saturated Concrete) 

 

3.2.2  (Cleaning & Flushing) 

  (Routine)  

   (Expansion Joints)  (Lower Chords)  (Bent 

Caps)    

     (Pipe Drain) 

 (Floor Drain)   (Down Sprouts)  

  

 (Structural Deterioration)  

  

 (Cracks)  (Joints)  

       

     

      

  

  Expansion Bearings  Expansion Bearings 

  (Tensile Stress)  

Bearing Pad  (Anchor Bolt) 

   

     (Lower Chord and Beam Flanges) 
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3.2.3  (Deck Cracks) 

    

     

   

   

  

  Asphalt  

   

 

 
 3-4  

 

3.2.4  (Deck Treatment) 

   

    

   

 /   50:50  Boiled Linseed 

3 - 4



   

Oil   (Kerosene)   

  

    

(Penetration Asphalt Surface Treatment)  (Equivalent Sealer) 

   (Type)  

 (Grade)  (Alignment)     

 

   Deck 

   Coverstone  Deck  Coverstone 

 Deck  

  (Deck Expansion Device) 

 (Sealant Material)  Expansion Device  

  Expansion Device  

    

    

 (Substructure Caps)  

 

3.2.5  (Asphaltic Concrete Overlays) 

  (Concrete Deck) 

 

 (Wearing Surface)  Asphalt  

 

 

  Asphaltic Concrete  (Porous)  

 Seal   Asphaltic Concrete  (Salt Laden Moisture) 

  Seal    

  (Membrane 

Sealer)  Asphaltic Concrete  

  Asphaltic Concrete   (End Dams) 

 (Expansion Joint)  

  Asphaltic Concrete  

 (Debond)   (Hammer) 

  

(Curbs)  (Expansion Joints)    (Overlay) 

  

3 – 5 
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  (Overlay) 

 

  

 (Crack-Sealing Material)  

   (Concrete Deck)  (Good Adhesion) 

  (Bonding Agent)   

(Overlay)   Overlay  

 

3.2.6  (Expansion Joint and Devices) 

  (Deck Joints)  

   

(Compressible)  (Incompressible)  

      

  

    (Undue Pressure)  (Bearing) 

 (Superstructure)  (Spalling) 

 (Substructure Cap)   (Skew Concrete Bridges) 

 (Transverse Movement)  Deck 

 (Curb Offsets)   (Debris)  

  Deck  (Deterioration) 

 
 3-5  

3 - 6



   

 
 3-6  

 

 
 3-7  Bent Cap  

  

  (Expansion Joints)  

  (Joint Filler) 
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  (Steel Expansion Device)  

  (Incompressible)   

 (Free Movement)  

  (Flat Plate Expansion Device) 

 (Abutment)  Backwall  Abutment 

 (Expansion Device Anchorage)  Deck 

 (Failure)   (Trim)  

  Abutment  

  (Elastomeric Expansion Devices) 

  

 

  (Neoprene)  (Metal)    

      

(Anchorage)   

 

 

3.2.7  (Deck Drains) 

  Deck     

  

      

  

   

  

  (Supporting Members) 

 

  

    

(Pipe)     
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3.3   
 

3.3.1   

  (Superstructures)  (Main Members)  (Floor 

Systems)    (Secondary Members)  (Bearings)  

-    (Collapse) 

 (Fail)   (Concrete Girders) 

-    

  

(Local Effects) 

-    (Stiffness)  

-   (Mechanical Devices) 

 (Substructures)  

(Longitudinal)  (Rotational)  

 

3.3.2  (Concrete Superstructures) 

  (Cracks) 

 (Spalls)   

 (Structural Distress)  (Penetrate) 

   (Seal)  

(Grout)   (Patching) 

    

      

(Arch)  (Boxes) 

 3.3.2.1  (Prestressed Concrete I-beam) 

   (Simple Span)  

 (Not Continuous)    (Semi-Continuous) 

 (Concrete Diaphragm) 

 (Beam Ends)  

  

1.  (Seal)   Silane / Siloxane  5  

2.  (Nicks)  (Gouges)  (Spalling) 

 (Over height) 
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 3.3.2.2  (Slab Bridges) 

  (Cast-in-Place Concrete Slab) 

  

  

  (Simple Span)  

 (Continuous Span) 

 (Pier)  

    

   (Over-The-Side Drainage) 

   

 

1.   

2.  (Seal)   Silane / Siloxane  5  

3.   High Molecular Weight Methacrylate (HMWM) 

4.   Epoxy 

 Urethane 

 

3.4   
 

3.4.1   

  (Substructure)   

2   (Abutments)  (Intermediate Supports) 

   (Bents  Piers)  

  (Cap)  (Above Ground Portion)  (Below Ground 

Portion)  (Footings)  

 

3.4.2  (Routine Maintenance) 

    

  

   

  (Periodically)  (Seal) 

    Modified Polyurethane Elastomeric Coating 

 Seal   50:50  Boiled Linseed Oil  

 (Kerosene)  
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3.4.3  (Concrete Substructures) 

  (Substructures)  

 (Superstructures)   (  Abutments  

Piers  Bents)    

 -  Wall Type Pier ( ) 

 -  Capped Pile Pier ( ) 

 -  Multiple Column (no cap) Pier ( ) 

  

1.  Unsealed Deck Joint  (Power Wash) 

  Seal  Silane / Siloxane  Epoxy / Urethane 

2.   

3.  (Vertical Cracks)  Epoxy 

Injection  

 

3.5   
 

3.5.1   

 

  

   (Unevenness)  (Settlement) 

 (Roughness)   

   

(Void)  

  Backwall  Abutment 

   Seal 

 (Non-Compressible) 

     (Guard 

Rails)  

 

3.5.2  

   (Expansion Joint) 

   Backwall  Abutment  (Deck 

End)  (Approval Pavement) 

 

  7.5 .  

3 – 11 



 3  

   

(Compressible Material)  Bituminous Filler  1 

 Rapid-Cure, Cut-Back Liquid Asphalt  2  Air-Dried Sawdust  

  Free asphalt  “Bleed” 

 (Compacted)  

  

 

3.5.3  (Leveling Approaches) 

  

   (Deck) 

    

 

3.5.4  

  

  

 (Rail)   

 

3.5.5  (Approach Roadway Surfacing) 

   

  

  Hydrostatic Pressure  Back Wall  Wing Walls  

  

   Asphalt  

   

 

 

3.5.6  (Approach Roadways Gutters) 

  Side Slope  

(Runoff)  

   

  

 (Slide)   

Overflow  Asphalt  Seal  
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3.5.7  (Joints at Bridge Ends) 

  (Seal) 

 (Pumping) 

  (Shoring)  Abutment  

   Seal  

  Seal  (Compressible Material) 

 

3.6   
 

3.6.1   

  

  

  

  

    

  

 

     

  

 28  

  

     

 

  

1.)   

 

2.)    

  (Slab-

on-Grade)  

3.)   

  

 

 

4.)  (Crack Bridging) 
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  (Hydrophobic)  (Silanes) 

  Elastomeric Membrane 

   0.25  

0.375 .  Elastomeric Membrane  

5.)  (Skid Resistance) Penetrant  

  Penetrant 

   

Membrane  

6.)  (Appearance)   

Penetrant 

   

 Membrane   

 

3.6.2  

  

  

 3.6.2.1 Penetrant Sealers  

Penetrant Sealers   

Penetrant  Penetrant Sealers  

 Penetrant Sealers  

 Penetrant Sealers    

Penetrant Sealer  Boiled linseed oil, Silanes, Siloxames, Epoxies, Methyacrylates 

 Penetrant Sealers    

  Penetrant 

Sealers  

 (Ultraviolet, UV)   Penetrant Sealers 

 

 

3.6.2.2 Surface Sealers  

 Surface Sealers  0.25 . 

  Surface sealers     Methyl Methacrylates  

  (  Styrene-Butadiene, Polyvinyl Acetate, 

)  Surface Sealers   
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0.25 .  Surface Sealers  0.03  0.25 . 

  

    

 Surface Sealers 

   

 UV  

 Methyl Methacrylates  

 

 

 3.6.2.3 High-Build Coatings 

  0.25 .  0.75 .  

 Acrylics, Stylene-Butadienes, Polyvinyl Acetates, Chlorinated Rubbers, 

Urethanes, Polyesters, Epoxies High-build Coatings  

 

   

 Oxidation  UV  Infrared  

       

  Coatings   Coatings 

    Coatings 

  Coatings  

 Coatings  

    

 Coatings 

 

  

  

 

 3.6.2.4 Membranes 

  0.7 .  6 .  

 Urethanes, Acrylics, Epoxies, Neoprene, Cement, Polymer Concrete, Methyl Methacrylate,  

Asphaltic 

 

   Membranes 

  0.25 .  

Membranes  Epoxy Mortar Coating  (Skid Resistance) 
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 (Abrasion Resistance)  Membranes  

 

 

 3.6.2.5 Overlays 

 Overlay  6 .   

   Methly Methacrylates  Polymer-Modified Concrete  

Overlays  

  Overlays  

  Overlays  

 Overlay  

Overlay  (Composite Section) 

     Wire Fabric   

Overlays   Overlays 

  

Overlay   Overlay  (Color)  (Texture) 

  

  Overlay   Overlay  

  Overlay 

  Overlay   3 

 1)  finish  (Late Finish Operation) 2) 

 (Plastic Shrinkage Cracking) 3)  Overlay 

  (Drying Shrinkage) 

 Overlay  

1.)  Finish   Finish  Finish 

   

Finish   

 

2.)  Overlay  

 Overlay  

    

 Overlay   (Bleeding Water) 

   Overlay 

   

  24 
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3.)  

 Overlay  Overlay  

 

4.)  Overlay 

   

  Overlays  

.   Overlay  (Bonded Portland Cement Concrete Overlay) 

 

  Overlay   

Overlay   Overlay  38 

.    Overlay 

 

   

 Overlay   

 

  Overlay  

  Overlay 

  Overlay 

 Overlay  

 Overlay  

   (Bonding Agents) 

 Overlay  Slurry  

.   (Latex-Modified Concrete, LMC) 

  (LMC) 

  15  

 Overlay    

- LMC   

  7  30  

-  

  1 

 2  3  ASTM C150  LMC 

- LMC    (Finish 

Operations)   

 LMC   
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 3  

   

-  LMC 

  LMC 

 (Mortar)  

-  LMC 

  24  48  

 

 

-  LMC   

  

  

 

 

 

 

  .   Overlay (Epoxy Overlay) 

  

 (Epoxy Mortar)    (Overlay) 

 Overlay 

    Overlay 

  

  Overlay  

 Overlay   

 

 

 

  Overlay   

    

  

 100 (150 )  1  3 

   25 . 

 8 (2.36 .) 

  

  3  1 
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(Specific Gravity)  2.50   2.80  12  1  

 (Viscosity)  

  

   

   (Prime Coat) 

  Prime Coat 

   

      

 

 3-1  

Types Generic classification(s) Installation requirements Durability characteristics Performance 

characteristics 

Boiled linseed oil 

sprayed approximately 

50 deg F (10C) or above 

Clean, dry and sound 

surface 

Poor resistance to UV 

radiation 

Improves freeze-thaw 

durability 

Frequent applications 

required 

Darkens concrete slightly 

Does not bridge cracks 

Alkyl-alkoxy-silane 

Siloxanes 

Surface free of 

pretreatments 

Sprayed, brushed or rolled 

Ventilation required 

Improves freeze-thaw 

durability 

Reduces salt penetration 

Reduces rate of corrosion 

Improves resistance to 

water absorption and 

reinforcement corrosion 

Does not bridge cracks 

Sealers 

High-molecular 

mathacrylate 

Clean, dry, and sound 

surface 

Sprayed, brushed, rolled, 

or squeegeed 

Variable UV radiation 

resistance 

Prevents moisture from 

penetrating cracks 

Seal cracks 

Coatings Epoxy Urethane or 

neoprene 

membrane/epoxy top 

coat system 

Rubberized asphaltic 

top coat system 

Urethane 

Membrane/urethane 

topcoat system 

Clean, dry, and sound 

concrete 

Sprayed, brushed, rolled, 

or squeegeed 

Approximately 50 deg F 

(10C) or above 

Ventilation required 

Level surface typically 

required 

Generally improves freeze-

thaw durability 

Fair to good abrasion 

resistance 

Variable UV radiation 

resistance 

Generally good resistance 

to water absorption 

Unknown resistance to 

reinforcement corrosion 

Bridges small cracks 

Overlay Concrete 

Polymer concrete 

Polymer-modified 

concrete 

Clean, sound, and 

roughened surface 

Hand or machine applied 

Generally above freezing 

Ventilation may be required 

Improves freeze-thaw 

durability 

Excellent abrasion 

resistance 

May add weight 

Architectural finish is 

possible 

Protects structural concrete 

and reinforcing 

May improve structural 

capacity 
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 3  

   

3.6.3  (Joint Sealant)  

   (Joint Sealant)    

  

   Install Premolded Seal 

  Elastromeric Membranes  

   

1.)    

   

  

2.) Contraction (Control) Joint 

  (Control Joints) 

 

 (Sawed Joints)  24  

3.) Expansion (Isolate) Joint 

  

  

  Expansion 

 

4.) Construction Joints  

 (Precast Concrete)   Construction 

  

  Construction  

Expansion Joint  Contraction Joint    Construction 

  Construction  

  ACI 504R 

 

3.7   
 

3.7.1  

  (Oxygen : O2) 

 (Water : H2O)    (Corrosion)  

 Steel Rust) 

    (Elector-chemical) 

    (Anode) 

 (Oxidation Reaction)   
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nM M ne  

2 2Fe Fe e  

 

 (Free Electron)    

 (cathode)  (Reduction Reaction)     

  

22 2H e H  

      

2 22 4 4O H O e OH  

     3-8 

 

Current flow
Electrolyte

Electron flow in metal

Metal I
(electronegative)

Metal II
(electropositive)

Anode Cathode
22 2 4M M e 2 22 4 4O H O e OH

 
 3-8  Oxidation 

 

 

   3-9 

 

anode cathode

Metal I Metal II

Steel (anode)

Rust (cathode)

 
 3-9   -  

  

   

1.)  (Galvanic Potential)  

2.)  
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 3  

   

3.)    (

  ) 

3.7.2  

  Cathodic Protection 

 Cathodic Protection  Sir Humphrey Davy . .1820 

 Davy   (Cooper : Cu) 

 (Iron : Fe)   (Zinc : Zn)   (Tin : Sn)     

 Cathodic Protection  

  Cathodic Protection  

. . 1945   

   

  . . 1952  Cathodic Protection 

   Cathodic Protection 

       

  Cathodic Protection   

      

 (Sacrificial Anode)   ( 

Impressed Current Anode)  

  Sacrificial Anode   

 (Electrolyte)   

     (Aluminum : Al)   (Zinc : Zn)   

(Magnesium : Mg)   

   Impressed Current Anode  (Inert Metal) 

 

  Cathodic Protection     

   

 

1.) Mesh Type Noble Metal Anodes 

  

2.) Embeded Anode System  

3.) Saw Slot Anode Systems  
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4.) Surface Monitored Anode Systems Without Overlay 

   

5.) Surface Mounted Anode System with Overlay  

 0.5  
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 4 
 

 

 

 

     
 

 

 

  

4.1   
 

  

 (Structural Integrity) 

 (Function)    

   (Abrasive 

materials)   

    

  

  

    

1.)  (Structural Compatibility) 

 

2.) -  (Availability)  (Cost)  

3.)   (Qualified 

Contractors) 

  

  (Bond)  (Elasticity) 

 (Expansion)   (Compressive Strength) 

 (Tensile Strength)    (Low Shrinkage) 

 (Low Permeability)  (Low Water/Cement Ratio) 

 



 4  

   

  

     (Cementitious Materials) 

 (Polymer Materials) 

 

4.2   
 

   (Cementitous Materials) 

   

 

4.2.1  (Conventional Concrete) 

  Portland Cement,     

(Admixtures)     

    (Pozzolanic Materials)  

     

  

   Alkali-Aggregate  

    

  

  

       

   

 

   

  

    (Abrasion)  

(Erosion)   

   Overlay 

  

       

  

    

   

 Overlay  100   

 (Pier)   

 

4 - 2



   

4.2.2  (Conventional Mortar) 

      

  

      

 

   

  

     

 

4.2.3 Dry Pack 

 Dry Pack  1   2.5  3   Dry Pack 

   Dry Pack 

 Dry Pack  

  (Preshrunk Mortar)   

 30  90     

  Dry Pack  

    Dry Pack   Dry Pack  

 Dry Pack      Dry Pack 

     

  Dry Pack  

 (Shallow Depression)   Dry Pack  

  Dry Pack  

Dry Pack   

  Dry Pack  (Dormant Crack)  

Dry Pack  (Active Crack) 

 

4.2.4 Ferrocement 

 Ferrocement 

   Ferrocement   

      

 

   Ferrocmenet  

 

   Ferrocement  

4 – 3 



 4  

   

   Ferrocement 

  Shell  

 

4.2.5  (Fiber-reinforced Concrete) 

 

 (Plastic Shrinkage Cracking) 

   

  Shortcrete  

    Overlay  

 

   (Slump) 

 (Workability) 

  

  

 

 

   Overlay  

     Arch  

Shortcrete   

  

 

4.2.6  (Grout) 

  (Cement Grout)  Chemical Grout 

 4.2.6.1 Cement Grout 

 Cement Grout    

    

 Cement Grout    

 Cement Grout   Cement 

Grout  Mineral Filler  Cement Grout  Cement Grout 

 

   Cement Grout    

  Cement Grout 

  

   Cement Grout  3 . 

 Cement Grout  

4 - 4



   

   Cement Grout  

  Cement Grout  

(Nonshrink Cement Grout)  (Spalls)  

 (Honeycomb)  Cement Grout  

 

 4.2.6.2 Chemical Grout 

 Chemical Grout  (Gel)  

 (Solid Precipitate)  Cement Grout 

  

 Chemical Grout  

Grout   Chemical Grout  

   Chemical Grout  

  Chemical Grout  

 0.05 .  Chemical Grout  (Rigid Chemical Grout)  

 Rigid Chemical Grout  

Foam Chemical Grout  Acrylamides  Polyurethanes 

  Chemical Grout   

Chemical Grout  

  Chemical Grout  Cement Grout 

 Grout  Chemical Grout   

  Gel Grout  

 Gel Grout   

   

   Chemical Grout  Grout  

 

 

4.2.7   (Low Slump Dense Concrete) 

   (Low Slump Dense Concrete, LSDC) 

   0.40  50 . 

 LSDC  

 

    LSDC  Overlay  38 .  20  

  LSDC  

  LSDC  
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 4  

   

  LSDC   

 

  LSDC  

 7    LSDC 

 0.32  25 . 

  

(Bridge Deck)  

  LSDC  Overlay  

  

 

4.2.8  (Magnesium Phosphate Concrete and Mortar) 

  (MPC)  Portland Cement (PCC) 

  

 (Epoxy Concrete)  

  

. . 1970 

     10  20  

 14 MPa  2    

45  60     

 MPC  PCC  

  MPC  Calcareous      

   

 MPC   MPC 

   MPC 

 Elastic Modulus   MPC    

(Toughness)   (Impact Load)  

   MPC   (Cost Effective) 

  MPC     

  MPC   MPC 

    

 

4.2.9 Preplaced-Aggregate Concrete 

   

 Preplaced-Aggregate Concrete 

 

4 - 6



   

    Preplaced-Aggregate Concrete   

   

   

  Preplaced-Aggregate 

concrete  

  

   Preplaced-aggregate concrete  

  

  Preplaced-

Aggregate Concrete   Preplaced-Aggregate 

Concrete  

   Preplaced-Aggregate Concrete  

   Preplaced-Aggregate Concrete 

        

 

4.2.10  (Rapid-Setting Cements) 

   

6.9 MPa  3   

  

     

 

   

     

 

 Ettringite    

   

 Ettringite  

alkali  Aluminate     

 Alkali (Alkali Aggregate Reaction) 

  

    

 

4.2.11 Shortcrete 

 Shortcrete      

     Shortcrete 
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 4  

   

     

 

    150 .    

Shortcrete   Shortcrete 

 

 

   Shortcrete   

 

  

  Shortcrete       

Shortcrete   Shortcrete  

   

 

4.2.12  (Shrinkage-Compensating Concrete) 

  (Expansive Cement) 

 

  

    

  

  

    

   

  ACI 223 

  

   

  

 

4.2.13  (Silica Fume Concrete) 

   

  

  2     5  15 

  85  105 MPa  

    

  

    

4 - 8



   

   

     

 (Bleeding Water) 

  4   

 7   

   (Abrasion)  

(Erosion)     

 Overlays    

 

 

4.2.14  (Bonding Materials) 

  

 3      

1.)    

 

   

 (ASTM C881) 

2.)   (ASTM C1059)  2     

   

 

     

3.)       

(Blended Cement)   1  1  

 (Consistency)  

 

4.2.15  (Cement-based Mortar) 

     

Cement mortar    Concrete Mortar  

 (Function) 

 (Exposure)  (Strength or Resistance) 

 

4.2.16  (Quick-setting Non-shrink Mortar) 

  (Shrinkage Cracks) 

 (Expansive Cement)  

 (Admixtures)  (Strength)   (Bond) 

4 – 9 



 4  

   

 (Workability)    (Curing Time)   

 (Prepackaged Mixes)  

 

 (Abutment Headers)   (Bearing Pads)  

 (Deck Joints)  (Average Size Spalls)  

 

 

4.2.17  (Epoxy Mortar) 

  3  

 2   (Epoxy Resin)  (Curing Agent) 

  (Thermal Coefficient) 

 (Modulus of Elasticity)    

    (Bond Stress) 

     

-    

-    

-  

 

-  (Impact)  (Abrasion)  

  

 

-   Epoxy Resin  (Aggregate) 

 

-  (Anchoring  Dowelling)  Epoxy Resin 

 

-  (Pressure Grouting) 

-   Epoxy 

 

-  

-    (Concrete Segment) 

-  (Substructures)  

-  Bearing Pad   

-  (Deck Joints)  (Concrete Healer)  
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4.3   
 

  ACI 548.1R 

 Composite   3  Polymer-

Impregnated Concrete (PIC)  Polymer-Modified Concrete (PMC)  Polymer Concrete 

  

 

4.3.1 Polymer-impregnated concrete (PIC) 

 PIC  (impregnate)  

 (Polymerization Initiator)  

 Methyl Methacrylate  1.5  2.5  

  6 .  38 .   

   

 

       

 

    

 

    

 

  

 

    

     

   

 

4.3.2 Polymer-Modified Concrete (PMC) 

 PMC    (Organic Polymer) 

    (Organic Polymer) 

    

 Polymerization 
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 4  

   

  Styrene Butadiene  Acrylic Latexes 

  PMC  10  20 

  0.30  0.40 

  0.25  0.35  

    Latex-modified Concrete (LMC)  Overlay 

   

   LMC 

 PMC   PMC  

 (Moist Curing)   PMC  1 

 2  (Moist Curing)  Styrene-Butadiene LMC 

    UV 

 Acrylic Polymers  

  LMC  7  30  

   LMC   

 0.5 ./ 2./ . 

  PMC  Overlay       

LMC  Overlay  19  50 . 

 Styrene Butadiene Modified Concrete   Acrylic Latexes 

 

 

4.3.3 Polymer Concrete (PC) 

 PC   

 (Filler)  

 PC     Polyester, Epoxy, Furan, Vinylester, Methyl 

Methacrylate (MMA),  Styrene Polyester Resin  Polyester  

   Epoxy Resin   Epoxy  

  ACI 503R 

  PC    )  )  

   )  )   ) 

  )  

   PC    

    PC  

 PC  

    Polyester  

Epoxy  MMA     MMA 
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   PC  

    

 15   1 .   PC 

 PC    PC 

  Modulus of elasticity  PC 

   PC   

 PC  PC   

 230   PC 

  PC   PC  

 

   PC   

 PC   1)  

 2)  Overlay  5  19 .  (High Elongation)  Modulus 

of Elasticity   Overlay   

 

4.4   
 

   

  

  

1.)  (Coefficient of Thermal Expansion) 

 

 (Thermal Compatibility)  

(Overlay)   

  

2.)  (Shrinkage)  

  

 

 

   Dry Pack   (Preplaced-Aggregate Concrete) 

3.)  (Permeability)   

 Capillary Action 

     

4 – 13 



 4  

   

   

  

4.)  (Modulus of Elasticity) 

    

   

5.)  (Chemical Properties) 

  (pH  12) 

  

  

 Cathodic Protection  

 

6.)  (Electrical Properties)   

  

7.)  (Color)  
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 5 
 

 

 

 

 
 

 

 

  

5.1   
 

   

  

 

 

    

-    

-  

-  

-   

-   

-  

     

 5-1  5-3      5-4  

 

5.2    (Analysis, Strategy and Design) 
 

 

  

  

 



 5  

   

 
 5-1  

 

 
 5-2  

 

 
 5-3  

5 - 2



   

 
 5-4  

 

   

   

  

  

  

   (Capacity) 

  

  

 

    

   

   

    

 (Overstress)  

   

 (Drying Shrinkage)  

  

 

5 – 3 



 5  

   

 (Flexural Member) 

  (Compression Zone) 

 (Tension Zone)  

 

  

 

 

 

/  

 

 

 

 

 

 

 

 

 

 

 5-5  

 

5 - 4



   

  

    

  (Loss of Cross-Section) 

  (Deflection)  

  Stress  

   

 

5.3   (Selection of Repair Materials) 

 

 

     

  

     

   

  (Cured)  (Uncured) 

 (Exposure)    

 

   5-5 

  

  5-6 

 

 

 

 (UV)

 

 5-6  

5 – 5 



 5  

   

   

(Surface)  (Repair Material)  (Reinforcement Steel) 

 (Bond in Surface)  (Substrate) 

 

 5-1  

 

      

( ) 

               

( )  

 

  

 

 

 

 

 

 

 

,  

 

,            

* 

 
 

 

 

 

 

 

  

  

 

 

 

 

  

 

 

 

 

 

 

 

 

* 

* 

,      

,     

 

,

,               

 

*  
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 5-2  

 

              

( ) 

                     

( )  

 

 

 

 

 

  *  

  

 
  

 
 Low exotherm 

 

High exotherm 

 

  

 

, 

 

, 

 

 

  

 

, 

 

, 

 

  

 

 

  

 UV  

 

 UV 

 

 UV 

 

, saturation  

 

, 

 

 

  , 

* 

, 

*  

 

, 

 

 

 

, 
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 5  

   

 5-3  

 /  

              

( ) 

                     

( )  

 

 

 

 

 

    

 

 

   

 

 

 
 

 

   

 

 

   

 

  

 

 

 

   

 

   

 

  

 

 

, 

,  

 

       

 

  

 

, 

 

 

  

 

  

  

 

  

  , 

Tensile Anchorage 

into Substrate 

 

 

Abrasion
damage to 
surface
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 5-4  

 

 ( ) 

 

 

 

 

 

 

 

  

 

  

   

 

 

 

 Non Sag 

 

 

,  ,  

 Forgiving 

 

“Murphy’s Law” 

, Redundant , 

Dependent 

Reactions 

  

 

  

       

( ) 

                     

( )  

 

  

 

 

 

*, 

 

* 
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 5  

   

5.4   (Surface Preparation) 
 

 

 

 

    

   

 4  

 1  

 (Hammer Sounding)  

  1  (Support System)  

 

 2  

   

  (Section Loss) 

 

 3  

  

  AC1 506R-90  

 4   

 

 

 5-7a, 5-7b,  5-7c  
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  90  
  1/2”

 3/4”  

 

 

 (a ) 

 

 

 
(

)..... 

 90  
  

....

 

 3/4“ 
 

 

 

(b) 
 

 5-7  
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 5  

   

 

 

 

 
3/4“  

 

(c) 

 5-7  ( ) 

 

 

 

 

 

  

 

 5-8  

 

 

5 - 12



   

 5-9  

 

 

 (Boundary Edge Length)  Stress Concentration  (Shrinkage) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Partial 

 

  

  

 5-10   
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 5  

   

 :  (Partial Depth)  

 

 

 5-11  (Partial Depth) 

 

  

-

 (Pneumatic 

Chipping Hammer)  

 Class 15# 

 30#  

 (Vertical) 

 (Overhead) 

 Class 30# 

 

 

-  

(Hydro Removal) 

 

(20,000  40,000 Psi  

138  276 MPa)  

 

 

  

 

-  (Pneumatic Scabbler) 

 (Bushing Tools)    

  (  6.4 .) 

 (Overlayment) 

-  (Rotary Milling Machine) 

5 - 14



   

   

  

(Overlay)  

  

 :  (Full Depth) 

-  (Hand Held Pneumatic Breakers)  

 Class 30#  90# 

 

-  (Pneumatic / Hydroulic Mounted Beders) 

  

(Backhoes)        

 

 5-12  

-  (Splitters) 

 

 

   

-  (Hydro Demolition) 
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 5  

   

 Hydro Demolition  (20,000  40,000 Psi  138  276 MPa) 

  

 

5.5    

 (Reinforcing Steel Cleaning, Repair and Protection) 
 

 

     Delamination  

(Spalling)    

   

 

 

  2.1 

 

 

  4.1 

 

    (

 

) 

  4.5  

 

 (

 ) 

 5-13  

 

 

  

   2 
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    (Anchor)  

   

 (Carrying Capacity)   (Structural Evaluation) 

 

   

 

    

 5-13 

 

-  

 :  

   

  

 

 

 

 

 

 

 5-14  

-  Needle Scaler 

5 –
 

  17 



 5  

   

Needle Scaler   

  

   

-  (High Pressure Water) 

 (3,000  10,000 Psi  20.7  69 MPa) 

    

 

-  Abrasive Blast 

 Abrasine Blast Cleaning  

(Abrasives)   

   

-  (Power Wise Brushing) 

  

   

-  (Reinforcing Steel Protection) 

   Alkaline 

   

   4   

1.  (Encapsulation):  

 Epoxy  Shot-Blasted  Pondered Epoxy 

   Epoxy Resin 

   100% 

  

 

  

2.  Cathodie Protection / Sacrificial Anode:  

 Sacrifial metal   (Zine)  

   Sacrificial 

  

 

3.  Cathodic Protection / Impressed Current:   

   Anode  
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 Impressed Current  

   

4.  Alkaline Slurry:  

Alkaline Slurry  Non-Passirating Epoxy  

Alkaline Filler    Epoxy  Alkaline Filler 

  Epoxy   

 
 5-15  

 

 

 

  

 

 
 

 

 
 

 

 

5.6   

 (Bonding Repair Materials to Existing Concrete) 
 

  

1.  

2.    (Mechanical Interlock) 

3.    (Pores) 

4.   
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 5  

   

5.

 (Bond Line) 

 

 
 5-16  

 

 

 

 Stress  

   (Bridge Deck 

Overlay)  Stress  (Shrinkage)  

  Stress  (Bond) 

  (Aggregate Interlock Mechanism) 

  Bonding Agent   5-16  5-17 

 

 

 

 

 

 

 5-17  

5 - 20
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5.7  (Placement Methods) 
 

  

   

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

      3-16  

 

 
 

 (Pore and Cauity) 

  

 (Preplaced Aggregate) 

 

 (Durability) 

  

  

 

 (Constructibility)  

Constructibility 

 (Constraints) 

 

 

  

 

  (Contractor)  

 “ ”  “ ”  

 

 

 

1.  

2.  Uni-Axial Tension 

3.   

tensile strength  

 5-18  

 



 5  

   

     Dry Pack  Dry 

Pack   (Cast-in-place) 

 

 (Uniform)  (Segregation) 

   

      Binder 

 Filler  (   Segregation  

 (Air Turbulence)   

   (Sand Pockets) 

 (Voids)  

 (Quality Assurance and Control) 

  (Qualified Contractor 

Selection)  

   (Pilot Project) 

    Bond Strength Test 

 

Dry Packing 

 Dry Packing  (Slump) 

  (Ramming)  

 (Bleeding)   Compaction 

   Dry Packing     

(Overhead)   (Vertical)   (Flat)   

    (Honey comb)   

 Dry Packing  (Layers) 

   7  

 

 (Cast-in-Place) 

 

 (Formwork)  (  5-20) 

  Constructability 

  (Low Shrinkage)  (Good Flowability) 

 (Rodding Vibration) 

  Bonding Agent  
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Drypack 

 Drypack
 

 

 5-19  Dry Packing 

 

 

 

 

 

 5-20  
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 5  

   

 (Form and Pump) 

 Form and Pump  

 (Overhead)  Shortcrete (Gunite)  

(Hand Placement)  (Preplaced Aggregate) 

 Form and Pump  2   (Formwork) 

 Formwork  

 Pumpability    

  Mix Design  (Aggregate) 

  

 

  

 5-21  Form and Pump 

 

  Formwork 

  

  

 

 (Abrasive Blasted)  Formwork  

 Formwork    Form 

and Pump     
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 Segregation   Formwork 

  

   

    

 

  

 

 

 
 

 
 

 5-22  

 

  (Form Work) 

 (Plug)   

  (Pumping Equipment) 

  

 (Aggregate Size)   
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 5  

   

  (Repair Materials) 

 Form and Pump  Constructability  

   (Low Drying Shrinkage)  (Strength)  

(Thermal)  (Elasticity)  (Compatible)  (Prepackaged) 

 

 

 

 

 

 

 

 5-23  Form  Pump 

 

  (Placement) 

 (Geometry)   

(Vertical)    

  

  (Fully Pressurized)   

  

 

     

 Hardened Epoxy   (Pore) 

   

(Pore)    (Pore)   

 (Absorption)  
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 (Bond Line)  

 

 

 

  

 5-24  

 

 

 

 Direct Uniaxial Tension 

 5-25  Bonding   
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 5  

   

  (Quality Assurance) 

  

  

   

   (Mock Up  Pilot Project) 

 

  (Monitoring)  

    (Uniformity)  

(Density)   (Bond)  (Strength)  

  

 

    

 

 (Grouted Preplaced Aggregate) 

 Grouted Preplaced Aggregate  2   (Aggregate) 

 (Form Work)  

  (Void Ratio)  40%  50% 

 (Grout)  (Highly Flowable) 

    

(Low Drying Shrinkage)   

     Epoxy Resins 

 

 

 

1. 

 4. 

 

3. 

 

2. 

 

 5-26 Grouted Preplaced Concrete 
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 Dry Mix Shortcrete 

Dry Mix Shortcrete  (Premixing of Binder and 

Aggregate)  (Hose) 

 (Nozzle)  (Water Ring) 

  

 

 (Orientation)  

  (Multiple Layers)  (Sloughing Off)  

 (Admixtures)  (Workability) 

 Shortcrete   Silica Fume  

(Adhesive  Cohesive)   

  (Accelerator) 

 Drying Shrinkage  

  Shortcrete   (Voids)  

Encapsulate Rebound   (Multiple Layers) 

   (Shrinkage Cracking) 

   

 

 

 

 

 Shortcrete  

 

 (  
Entrapping 
Rebound) 
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 5  

   

 

 ( ) 
 

Shortcrete

 Shortcrete 

 5-28 Shortcrete Machine 

 

 

 

 

 

 

 

Shortcrete  

 

 

 5-29  Wet Mix Shortcrete 
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 5-5  (Additives)  Shortcrete 

 

   

  

 

  

         

 

 

 

 

 

  

 

 

 

 shortcrete  

 

  

         

 

 

Polypropylene 

  

  

         

  

         

         

 

         

 

 

 Wet Mix Shortcrete   

 Wet Mix Shortcrete  (  Accelerators) 

 (Binder)  (Aggregate)  (Admixtures) 

 

  Admixtures  Shortcrete  Silica Fume  

Fibers  (Durability) 
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 5  

   

 (Full Depth Repair) 

 (Full Depth) 

 

   Drying Shrinkage 

  Drying Shrinkage   

(Tension)   

 Tension Stress   Shrinkage Stress 

 (Low Shrinkage Concrete Mixes) 

 

 
 

 5-30   Full Depth Repair 

 

 (Overlays) 

    Overlay 

 (Drainage)  (Rideability)  

(Load Carrying Capacity)   (Skid Resistance)  

Overlay   Overlay 

    Overlay   (3 .) 

   

 Overlay   

 Overlay  

     Overlay  
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  Latex-Modified Portland Cement Concrete  Microsilica-Modified Portland Cement 

Concrete  Overlay   Overlay 

     Plastic Shrinkage  

 Consolidation   (Segregation)  (Poor Bonding)  Overlay 

  Polymer-Modified Mortar   

Epoxy  Mortar 

 (Aggressive Environment)  

 

 

 

 

  
 Latex Modified 

Concrete  Microsilica Modified 
Concrete  

 5-31  Overlays 

 

 (Hand-Applied) 

 (Sag)  

   (Fine Graded Aggregate) 

 (Non-Sag Filler)  (Shrinkage Compensating Systems) 

  (Trowel)   

 (Pore) 
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 5  

   

  (Hang) 

 

  

  

     (Bond) 

 (Layers)  (Voids)   

 

 

 

  

:
 

  

 

 
 

 
 

 
  

 5-32 Hand-Applied 
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 6 
 

 

 

 

 
 

 

 

  

6.1  

 

  (Delamination)  (Spalls) 

   

  

  

   

  

  

  

   

 1.2  

 

6.2    
 

6.2.1  Repair of Post-Tensioned Concrete Bridges 

   (Tendon) 

   

  

  (Post-Tension Concrete Bridges)   

   (Tendon)  

  



 6  

   

  

 (Break)  

      

(Anchorage) 

  End Anchorage   

Grout Plug    

   6-1 

 

 
 

6-1  Unbonded Post-Tensioning Strands  

6 - 2



   

  

    

   

 6-2   

 

 

 
 6-2 

 

.  

   3  

-    

   (Joint Filler) 

 

  

-    

   Anchor  

Sandblasting   

 (Epoxy Coating)  

-    

  

   

 

  Anchor  

 Post-Tensioning  

6 – 3 



 6  

   

 Post-Tensioning   

 

  

   

    

     

  

   

  

  

 

 Dead-End Anchorage 

 Intermediate Stressing Anchorage 

 Stressing Anchors 

 

  

 

  

  Trenching Method  

   

  40 . 

   Anchors    

.   IInternal Replacement of Post-Tensioning Tendons) 

  

   

    (Anchor) 

 Anchor   
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.  (External Post-Tensioning) 

 

   

  

 

 

  

 

 

6.3  
  

 

 

 

   

 

6.3.1  (Shallow Repairs)  

  19 .  

  6-3  

19 .    Jack Hammer 

   

    (Non-Shrink, Quick-

Setting Polymer Modified Cementitious Mortar) 

 

 
     6-3

6 – 5 



 6  

   

6.3.2  (Deep Repairs)  

  

  1 

  

  

   

  

   

   

   (Overlay)  

 

  Slump  (Low-Slump 

Concrete)   

   30  40   

 

  

  

 

 
6-4   

 

6.3.3   (Total Deck Replacement)  

  

  

 

6 - 6



   

6-5   

 

 
  6-5

 

6.3.4   (Deck Overlays) 

  

   

   

 

1.)  50 .  AASHTO 

2.)  

3.)     

  38 . 

4.)   

   

  (Live Load)  

  HS24  HS20  25 

 

  0.45  

6 – 7 
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65 . 

 50   25  

 

 12 .  20  

 

  

  

(Plastic Stage)   5 . 

  6 . 

 1 

  

 

1.)     

  

2.)  Carbonation 

3.)   

4.)  

5.)  

    

  

    3  

 (Low-Slum Dense Concrete)  (Latex-

Modified Concrete)  (Bituminous Concrete)  (Silica 

Concrete) 

  Overlays  Overlay   2 

 1.  (Transition)  25   Overlay 

    overlays  25  32 .  25  

 6 .  overlays  25  32 .  Abutment  

  

  75  

 

6 - 8



   

 2.    (Approach 

Roadway)    

  

    

   

   

  6-8 

   

  25 

 

 
 Overlay  6-6 

 

 
6-7  

6 – 9 



 6  

   

 
 6-8 

 

6.3.5  (Bituminous Overlay) 

  

  

 

    

  

  

 (Partial Depth Repairs) 

 (Full Depth Repair)   

Overlay   

 (Water Proofing Membrane)  Track Coat 

  

 50 .
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6.4    
 

  

   

  

  

1.)   

 3/4   

   15  

  1  

 

2.)    

 

  

3.)   

  

4.)   

   Grout 

  Grout 

 Polymer  

 

 
 6-9 

6 – 11 
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5.)    Shortcrete 

 Sika Armatec  

 

 (Nonshrink Cement Mortar Containing Polymer)  

6.)   

 

7.)    

    

    

   

  

 

  

-  

-  

-  

-   

-  

-  

-   

-  (Precast Units) 

 

-  (Erect Forces)  

-  

 

6.4.1  I (Prestressed Concrete I-Beam)   

  

  

  

(Preload) 

  

   

6 - 12



   

(Yield) 

  2 Strands  

 Strand  (Beam Strengthening) 

 (Posttensioning)  

   

 (Ultimate Load Capacity) 

   

 

.  (Post-tensioning)   

  (External 

Posttensioning) 

 6-10  

  

 Fs = 150 ksi  

 (Preloading)   

  

    Pressure Grout 

  

 

6 – 13 



 6  

   

 
6-10  

  

  

  

.  (Internal Splicing)   

  0.5  

 270 ksi  6-11  

 

 Chuck  Coupling   Turnbuckles   Coupling 

  Turnbuckle   

   

 

6 - 14



   

 
 

  6-11

  

.  (Metal Sleeve Splice)   

   

 

  

 

   

  6-12  

  1/16 

  

 A36  Galvanize 

   

   

 Grout 

 

 

6 – 15 



 6  

   

 
2  6-1

 

.  (Preloading)   

  

 Preload 

  (Simple Beam) 

 (Dead Load) 

 Preloading 

  

   

    6-13 

   2 
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6-13 Preloading  

 

6.4.2  (Repair of Prestressed Concrete Box Beam)   

  

  I 

 

  6-14 

  

6 – 17 



 6  

   

(External Prestressing)  (Metal Sleeve Splicing) 

 6-15   6-16 

 

 
6-14  

 

 
 

6-15  

 

 
 

 6-16 

 

6.5  (Concrete Box Girders) 
 

  

 (Post-tensioning)  
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(Tendon Anchorage)  (Hinge) 

  

   

  

   

   

  

 

 

 
6-17  
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6.5.1  (Epoxy Injection)  

  

  

 

   

  

 

 

6.5.2  (External Posttensioning)  

 

 

  

 

 1.)  (Ducts Inside The Box) 

   

   

  2    (Eccentricity) 

   

   Diaphragms 

   

 Anchorage set  2 

 2.)  (Ducts Outside The Box) 

   

 

   

  (Dead 

Load)  

  

-

 

-  

-  
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 (Vertical)  (Transverse) 

   

 

 

- Punching Shear  

-  

 

 block  

 3.)  (Added Section)  

  

 

  

  (Deviation Block) 

  

 

  

section modulus   

 4.)  (Support Level Adjustment)  

  

  

   3 
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 5.)  (Add/Relocated Supports)  

   (Bearings) 

  (Bearings)  
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7.1   
 

  

  (Abutment)   

 

   

  

  1:3:5 

  1   3   5   

  

  

  

 

 

7.1.1  

 

   

    



 7  

   

 Carbonation  

   

 

7.1.2  

    

   

  (Splash Zone)  

 

7.1.3  

   

    

 

  

   

 

  

 

   

  

  

   

  (Temporary 

Jacking System)  Bearing  (Simple Span) 

 Bearing 

  

 

    Bearing 

 Bearing   

  Bearing 

 Bearing  

 

 

7 - 2



   

7.1.4  

  (Abutment)  Wingwall 

 (Backfill Material)     

 (Gravel)  (Underdrain Pipe)  

  

 4  6  (Weepholes)   10  15  

 Weephole  

 

 (Abutment) 

  

  

   (abutment)  

Wingwall   (abutment)  Wingwall  

 

7.1.5  

  

-  

-  

-   

-  

-   

-  

-  

-    

-  Riprap 

-  Riprap 

-   Sheet Pile 

 

  

 

  

   

 2  

 

7 – 3 
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   Riprap 

 Cofferdam 

 

  

 

 

 1.) Dumped Riprap  Dumped Riprap  

  Riprap  1  1 

 2.) Hand-laid Riprap  Dumped Riprap   

Hand-Laid Riprap   

3.) Bagged Concrete  Bagged Concrete  

 Grout  Dump Riprap  

Bagged Concrete   7-1   Interlocking 

 1  1  Grout  10 

 Grout   Riprap   Grout 

   

 

 
 7-1  Bagged Concrete  Riprap 

 

 4.) Steel Sheeting, Tremie Concrete,  Riprap 

  7-2 

   

   

(Friction Type)   

 (Bearing Pile)    

    

  

7 - 4



   

   Cofferdam 

 Steel Sheeting   Steel Sheeting 

  Steel Sheeting 

 

  Steel Sheeting  

 

 (Nonshrink Quick-Setting Concrete) 

  Steel Sheeting 

  Sheeting 

  

  Tremie  Cofferdam 

  

   

 Steel Sheeting   Riprap  Cofferdam 

 

 
 7-2  Steel Sheeting Rriprap 

  

7.2   
 

  (Substructures)  

  (The Primary Active Zone) 

  

7 – 5 



 7  

   

  (Splash Zone) 

  (The Primary Active Zone) 

  

  

 (Mud Line) 

    

  (Abutment)   

 

7.2.1  (Splash Zone) 

  

(Substructure)  7-3 

 

 
 7-3  

 

.  

  3/4  

   

  1/4  1 

    10% 
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.  

    

  

  

   (Shortcrete) 

  

 

7.2.2  

 

 

.  (Quick-Setting Cement Mortar) 

  

 (10-15 )  

   

 

   

 

  2   PVC  

.  (Epoxy Mortar)  

    1   

 1    

   

    

 (nonshrink quick-setting cement mortars) 

  (Formed Underwater Repairs) 

  

  

 (Nonshrink Cement Grout) 

 

 

  

  

 7-4 

  

  2  3   

7 – 7 
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 2  4  

 

 2  

 

 
  

 7-4  
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 7-5  

 

7.2.3  (Tidal Zone Repair)  

  

 

  7-5  

  Cement Grout  

    

   

    2 

   

   

  2  
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7.3   
 

   1950 

  

   

 

 

  

 

 

7.3.1  (Pile Jacket) 

  

  

 

 .  (Concrete Jacket) 

 7-6 

 

    

 

   Clamped Collar 

   

  (Superplasticizer)  

(Workability)   72   Clamped Collar 
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 7-6  Concrete Jacket 

 

 .  Fabric Jacket 

  

  (Jute)   (Polyurethane) 5  

 (Fiberglass)  Fabric 

  6  

  

  

 Tremie   

Fabric  

 

 . Fiber Reinforced Jacket 

  20   

 

 

  7-7  7-8 

7 – 11 
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  Fiberglass  1/8   

 Clamp    2  3    1   

 1   

   

 Clamp    

 

 
 

 7-7  Fiber Glass Jacket 
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 7-8  Fiber Glass Jacket  

 

 . Steel Jacket 

   

2    

    

   

   

galvanize   

    

 

 

7.3.2  (Crack Repairs for Piles) 
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  Epoxy Grout 

 

  

  

  

4   6 .  

  Grout  
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8.1   (Bearing) 
 

  (Bearing) 

  Bearing   Bearing 

  Bearing   Bearing  

 Bearing   Bearing  

 

  Bearing   Bearing  

 

8.1.1   

 Bearing  

 Bearing           

bearing  

   Bearing 

  Bearing  

   

  Bearing 

  Galvanize  

  Sliding Plate   bearing 

 

  Expansion Bearing  (Lateral Force) 



 8  

   

 

  

  Bearing   Bearing  

 Bearing 

  Bearing 

  Bearing  

  Bearing  8-1 

   

 

 

  Rocker Plate  Roller   Rocker Plate 

 Rocker Plate  Rocker Plate 

  Rocker Plate   

 Roller   

 Roller  

  Roller  Sliding Plate  

Rocker  Roller  Bearing    

 Bearing  

 

 
 8-1  Bearing 

 

8 - 2



   

8.1.2  Bearing  

  Bearing  

 8-2  Masonry Plate   Masonry Plate 

  Masonry Plate   Roller Bearing 

 Bearing   Pin 

 Rocker Plate  Bearing  Sliding Plate 

 

 

8.1.3  

    

Bearing 

  Anode  Cathode 

  

  

 Elastromeric Bearing  

  

   

   Rubber Bearing  

 Rubber Bearing   Rubber Bearing 

 

 

8.1.4  Elastromeric Bearings 

  Bearing  Rubber  

  

  TRB  Rubber Bearing 

  

 

     (Shear 

Modulus)  

  Elastromeric Bearing  

 bearing     

Elastromer  Microscopic Flaws 

  Elastromeric Bearing   Bearing  

 Bearing 

  Bearing 

8 – 3 



 8  

   

 (Restraining Lip)  Keeper Plate  

 Elastromer   Bearing   Elastromer   Bearing 

  Bearing 

 

 
 8-2  Rocker Bearing 

 

8.1.5  Bearing  

  Bearing  

Bearing  Bearing    

  

Weephole  

 (Porous Fill)   Underdrain  

  

  

  

 Bearing  

 

 bearing   Elastromeric bearing 

8 - 4



   

8.1.6  (Live Load Impact) 

  bearing  

    (Fatigue) 

 

8.1.7  

  Bearing  

   

 Bearing  

 Bearing  

 

8.1.8  (Shrinkage and Creep) 

  Bearing 

 

 

  Bearing  

 Bearing  

 

8.1.9  (Transverse Forces) 

  Bearing 

  

  Bearing 

 

8.2   (Bearing) 
 

  Bearing 

  

Bearing   Bearing   

 Bearing 

 

8.2.1  Bearing  

  Bearing  

 Rocker Bearing  Pin  (Centerline) 

  Bearing  
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 8  

   

8.2.2  Bearing  

  Bearing   Bearing  

   

 

-  (Longitudinal Movements) 

-  (Deck  Joint Opening) 

-  Bearing  

-  Bearing  

 

8.2.3  Bearing (Bearing Seat) 

  Bearing   

   8-3  Bearing  

 Bearing   Bearing  

Bearing  

 

 
 8-3  Bearing 

 

8.2.4  

   

  

  Approach Slab  

  

8 - 6



   

    

 

 

8.2.5  Bearing  

  Pin  Bearing 

   

Bearing   

 

  

  Sole Plate  

 Bearing  4  

 Bearing  

 

 

8.2.6  Elastromeric Bearing 

  Elastromeric Bearing  Elastromer 

  (Shear Modulus) 

 Bearing   Elastromer  

 Elastromer 

 

8.2.7  (Rehabilitation or Replace?) 

  Bearing  

   Bearing  

  

   Bearing  

  Bearing  

-   

-  

-   Bearing 

-  Bearing  

-  Sliding Plate  

-  

-   

-  Keeper  

8 – 7 
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  Bearing 

  Bearing    Sliding Plate   Masonry 

Plate  Bearing  Bearing  

  Bearing  

  Bearing  

 (Tight Tolerance) 

   Shop 

Drawing 

 

8.3   
 

  Bearing  Bearing 

 Bearing  Bearing  Bearing 

 Bearing     Bearing 

 Bearing  

 

8.3.1   

 Bearing   Bearing 

  

 

  

 

 

8.3.2  

  Bearing   Bearing  

 (Corrosion Inhibitor)  

 

   WD-40 

    

 Bearing    Bearing 

 

 

8.3.3  

   Rocker Bearing  
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 Bearing   Bearing  

  Bearing  Bearing 

  Bearing   

 

8.3.4  Bearing  

  Bearing  

  

  Bearing   

  

   Bearing  

 

 Bearing  Bearing 

   

Bearing   Bearing 

   

Bridge Seat 

   Seat  Sole Plate  Bearing 

  Bearing   

  Bearing  Base Plate 

 (Jacking) 

  

 

8.3.5  Masonry Plate 

  Expansion Rocker Bearing   Masonry Plate 

 Bearing  Rocker Bearing  Pintle 

 Plate  Pintle  Rocker Bearing  Masonry 

Plate  Pintle  Pin   Masonry Plate 

  Bearing 

 Bearing  Bearing 

 Masonry Plate 

  Masonry Plate 

   Bearing  (Concrete Seat ) 

  Bearing 
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  Masonry Plate   Bearing  Masonry 

Plate  Bearing   Seating 

   Neoprene Pad  Masonry Plate 

 

 

8.3.6  Sliding Plate  

  Sliding Plate   

 Sliding Plate  Masonry Plate  Rocker Plate 

 Sliding Plate  Rocker Bearing 

 Bearing   

Bearing  

 

8.3.7  (Anchor Bolt)  

    

  

 Bearing   

 Bearing  Masonry Plate 

   

  

Masonry Plate  (Washer)  

 

  Bearing  Bearing 

 

 

   

  

 

 

8.4   
 

  Bearing  Bearing  

  Keeper Plate  External Pintle 

 Bearing  Bearing  
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8.4.1 Bearing  

  Bearing   Bearing 

  Elastrometric bearing 

 Elastromer  Bearing  

 Bearing  Sliding Surface   Bearing  

Bearing  Bearing   Bearing 

  

 Bearing   Bearing  Bearing  

 Bearing   

 Bearing  Bearing 

  

 Bearing 

 

8.4.2  Bearing  

  Bearing  Bearing  Bearing  

  Bearing   Bearing 

 

-  Bearing   

 

-  bearing   Sliding Plate Bearing 

 Rocker Bearing   

-  Bearing  Bearing   Sliding 

Bearing   Elastromeric bearing  

 Elastromeric bearing  Sliding Bearing 

 Bearing  

-  Bearing 

 

 

8.4.3  Bearing 

  Bearing  Bearing  

 Bearing  Bearing 

  Bearing  
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 8  

   

 

 .  

  Bearing  

 Bearing  Bearing   

Bearing   

 

 .  

    

  Bearing  

   Bearing 

  Bearing 

 

  bearing  1   (Simple 

Span)   (Continuous Span) 

 

   

   

Bearing  0.5 

 

 Bearing  

 .  (Temporary Support) 

   Bearing 

 2   

   

Shim   Locknut Jack  

  

 .  

  Bearing   Bearing 

  Bearing 
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 .  (Jacks)  

  (Hydraulic Pressure) 

  (Locking Nut System) 

 

   

  

150%  

 .  

  

  Bearing 

      3  

 Sliding System  2  

 Bearing  

  2    

Stainless-Steel   PTFE  

 .  (Existing Bridge Seat)  

   

 

   Bearing  

 Bearing  Bearing  

 .   

   

 

   Bearing 

 

 .  

   

   

(Braced Frame) 

   

  

 .  
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 .  Bearing  

  Bearing  Bearing  

 Bearing   bearing 

  Bearing   

  Bearing   Rocker Bearing 

 Pin Head  Pin   Pin   Bearing 

   

Bearing   Bearing  

 Bearing   Bearing  Elastromeric Bearing Pad 

  Sliding Plate   

Masonry Plate   Masonry Plate  Bearing 

 .  Bearing  

  

 Masonry Plate   Masonry Plate  

Bearing   Masonry Plate 

  (Slotted Holes)  Masonry Plate 

 Bearing  

  

  Pinned Bearing  Bearing  Masonry 

Plate  Pin  Masonry Plate 
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Abrasion  

Abrasion Resistance  

Abrasive materials  

Admixtures   

Alkali Aggregate Reaction (AAR)  

Anchor Bolt   

Anodic Process   

Appearance  

Approach Roadway Surfacing   

Approach Roadways Gutters   

Approach Slab  

Asphalt  

Beam Ends  

Binder  

Bleeding Water  

Braced Frame  

Capillary Suction  

Capped Pile Pier   

Cast-in-Place Concrete Slab   

Cavitation   

Cofferdam  

Collision Damage  

Compacted   

Concrete Diaphragm   

Concrete Girders  



   

   

Concrete Jacket  

Concrete Segment  

Conventionnal Motar  

Corrosion Inhibitor  

Crack Bridging  

Debris  

Deck  

Dehydrate  

Delamination  

Down Sprouts  

Dry Pack  

Drying Shrinkage   

Durability  

Efflorescence  

Elastromeric Bearing  

Elector-chemical  

Epoxy Mortar  

Exothermal Reaction   

Expansion Bearings  

Expansion Joints  

Expansive Cement  

Exposed to Traffic   

Fabric  

Fatigue Strength  

Fiber-reinforced Concrete   

Flexure Cracks   

Floor Drain   

Free Water  

Galvanic Potential  

Good Adhesion   

Gouges   

Honeycomb  
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Impact  

Impact Load  

Incompressible   

Joint Sealant   

Leveling Approaches   

Longitudinal   

Low Water/Cement Ratio   

Crack Mapping  

Marine Atmospheric Zone   

Masonry Plate  

Mass Concrete   

Mass Concrete Cracks  

Membrane Sealer   

Microscopic Flaws  

Microscopic Volume Reduction  

Moist Curing   

Non Structural Cracks   

Overlay   

Overload Damage  

Parapet  

Patching  

Periodic Inspection   

Piers   

Pinned Bearing  

Pipe Drain  

Plastic Shrinkage Cracking   

Pop-Out  

Porous  

Power Wash   

Preshrunk Mortar   

Presstressed Concrete Deterioration  

Pressure Grouting  
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Reinforced Steel Corrosion  

Rubber Bearing   

Salt Laden Moisture  

Saturated Pore  

Scaling  

Sea Bed Zone  

Semi-Dry   

Settlement   

Shear Cracks   

Shortcrete  

Shrinkage Cracks   

Skew Concrete Bridges   

Skid Resistance  

Solid Precipitate  

Spalls   

Splash Zone  

Steel Rust  

Structural Deterioration  

Temperature Cracks   

Tendon  

Tensile Strength  

Texture   

Tightness   

Transverse Movement   

Tremie Concrete  

Undue Pressure   

Unevenness   

Vertical Cracks   

Visual Inspection  

Void   

Wall Type Pier  

Wearing Surface  
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Wearing  

Workability   
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