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1.4  SI (International System Units)  

 1   9.806  
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“  (Repair)”     

 “  (Structural Repair)”     
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“  (Damp Proofing)”    

   (Admixture)   

 (Polyethylene)  
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“  (Protection)”     

 

 “  (Excavation)”   

 

 “  (Cavitation Damage)”   

 

 

“  (Polymer Concrete)”    

“  (Polymer Cement Concrete and Mortar)”  

     

 (Polymerization)  

“  (Repair System)”  

 

“ ”  

 

“ ”  

  

“  (Active Crack)”  

 

 

“  (Dormant Crack)”   

  

“  (Redispersible Latex)”  

  2.8   

     

“  (Nonredispersible Latex)”  

  

“  (Bond Breakers)”   
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“  (Bonding Agent)”   

 

 “  (Epoxy Resin)”   

 

   

   

 

“  (Autogeneous Healing)”   

  

3.   

3.1  

3.1.1 American Concrete Institute (ACI), “ACI 224.1R – 93 Causes, Evaluation and Repair of 

Cracks in Concrete Structure” 

3.1.2 American Concrete Institute (ACI), “ACI 304R – 00 Guide for Measuring, Mixing, 

Transporting, and Placing Concrete 

3.1.3 American Concrete Institute (ACI), “ACI 304.1R – 92 Guide for the Use of Preplaced 

Aggregate Concrete for Structural and Mass Concrete Applications 

3.1.4 American Concrete Institute (ACI), “ACI 304.2R – 96 Placing Concrete by Pumping 

Methods 

3.1.5 American Concrete Institute (ACI), “ACI 304.6R – 91 Guide for the Use of Volumetric-

Measuring and Continuous-Mixing Concrete Equipment 

3.1.6  American Concrete Institute (ACI), “ACI 318R-05 Building Code Requirement for 

Structural Concrete and Commentary” 

 3.1.7  American Concrete Institute (ACI), “ACI 504R-90 (Reapproved 1997) Guide to Sealing 

Joints in Concrete” 

 3.1.8   American Concrete Institute (ACI), “ACI 546R – 04 Concrete Repair Guide” 

3.1.9   American Concrete Institute (ACI), “ACI 549.1R – 93 Guide for the Design, Construction 

and Repair of Ferrocement (Reapproved 1999) 

3.1.10  American Concrete Institute (ACI), “ACI 555R – 01 Removal and Reuse of Hardened 

Concrete”  
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3.1.11 American Concrete Institute (ACI), RAP 4 Surface Repair Using Form-and-Pour 

Techniques 

3.1.12 American Society for Testing and Materials (ASTM), ASTM A 767-97/ A 767M-97 Standard 
Specification for Zinc-Coated (Galvanized) Steel Bars for Concrete Reinforcement 

3.1.13 American Society for Testing and Materials (ASTM), ASTM A 780 – 01 Standard Practice 

for Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings 

3.1.14 American Society for Testing and Materials (ASTM), ASTM C 33 – 02 Standard 

Specification for Concrete Aggregates 

3.1.15 American Society for Testing and Materials (ASTM), ASTM C 94/C 94M – 00 Standard 

Specification for Ready-Mixed Concrete 

3.1.16 American Society for Testing and Materials (ASTM), ASTM C 387 – 00 Standard 

Specification for Packaged, Dry, Combined Materials for Mortar and Concrete 

3.1.17 American Society for Testing and Materials (ASTM), ASTM C 685/C 685M – 01 Standard 

Specification for Concrete Made by Volumetric Batching and Continuous Mixing 

3.1.18 American Society for Testing and Materials (ASTM), ASTM C 806 – 95 Standard Test 

Method for Restrained Expansion of Expansive Cement Mortar 

3.1.19 American Society for Testing and Materials (ASTM), ASTM C 845 – 96 Standard 

Specification for Expansive Hydraulic Cement 

3.1.20 American Society for Testing and Materials (ASTM), ASTM C 878/C 878M – 03 Standard 

Test Method for Restrained Expansion of Shrinkage-Compensating Concrete 

3.1.21 American Society for Testing and Materials (ASTM), ASTM C 881/C 881M – 02 

Standard Specification for Epoxy-Resin-Base Bonding Systems for Concrete 

 3.1.22 American Society for Testing and Materials (ASTM), ASTM C 928 – 00 Standard 

Specification for Packaged, Dry, Rapid-Hardening Cementitious Materials for Concrete 

Repairs 

3.1.23 American Society for Testing and Materials (ASTM), ASTM C 1059 – 99 Standard 

Specification for Latex Agents for Bonding Fresh To Hardened Concrete 

3.1.24 American Society for Testing and Materials (ASTM), ASTM C 1107 – 02 Standard 

Specification for Packaged Dry, Hydraulic-Cement Grout (Nonshrink) 

3.1.25 American Society for Testing and Materials (ASTM), ASTM C 1116 – 02 Standard 

Specification for Fiber-Reinforced Concrete and Shotcrete 
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 3.1.26 American Society for Testing and Materials (ASTM), C1438 – 99 Standard Specification 

for Latex and Powder Polymer Modifiers for Hydraulic Cement Concrete and Mortar 

3.1.27 American Society for Testing and Materials (ASTM), ASTM C 1439 – 99 Standard Test 

Methods for Polymer-Modified Mortar and Concrete 

 3.1.28 American Society for Testing and Materials (ASTM), ASTM D 4541 – 02 Standard Test 

Method for Pull-Off Strength of Coatings Using Portable Adhesion Testers 

3.1.29 Emmons, Peter H., “Concrete Repair and Maintenance Illustrated” Construction Publisher 

and Consultants, 1993 

3.1.30 International Concrete Repair Institute (ICRI), “ICRI Guideline No. 03730 Guide for 

Surface Preparation for the Repair of Deteriorated Concrete Resulting from Reinforcing 

Steel Corrosion”  

3.1.31  International Concrete Repair Institute (ICRI), “ICRI Guideline No. 03731 Guide for 

Selecting Application Methods for Repair of Concrete Surface”  

3.1.32 International Concrete Repair Institute (ICRI), “ ICRI Guideline No. 03732 Selecting and 

Specifying Concrete Surface Preparation for Sealers, Coatings, and Polymer Overlays”  

3.1.33 International Concrete Repair Institute (ICRI), “ICRI Guideline No. 03733 Guide for 

Selecting and Specifying Materials for Repair of Concrete Surfaces”  

3.1.34 Japan Concrete Institute (JCI), “Practical Guideline for Investigation, Repair and 

Strengthening of Cracked Concrete Structures” 
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5.1  (Concrete Removal) 
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5.1.2   (

 12 )   

 

   

  

 

 (Pull-Off Test) 

 

 5.1.3  

5.1.3.1  

   

   

  

 

5.1.3.2 
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 5.1.4  
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5.1.4.2   

 

 

5.1.4.3 

 

 5.1.5    

   

 5.1.6  

 (Hammer Sounding)    

      

(Pull-Off Test) 

5.2  (Concrete Removal) 

 5.2.1  (Cutting Method) 

       

    

  

  

 

5.2.1.1  ( High-Pressure Water Jet ) 

   69  310   

      

  

     

     

 

5.2.1.2  (Saw Cutting)  2  
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 2  ( : ACI 555) 

(  5.2.1.2) 

 

5.2.1.3  (Stitch Drilling)  3 

 

 

  

 

 

 
 3  ( : ACI 555) 

(  5.2.1.3) 
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5.2.2  

 

 

    

12    (Micro Cracking)  

 ( Pull-Off Test)  

5.2.2.1  

  5 6  7 

  

 

 Unbonded 

  70  140 

  75  150  (ICRI 03732) 

 

 
 4  ( : ICRI 03732) 

(  5.2.2.1) 
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 5  ( ) ( : ACI 555) 

(  5.2.2.1) 

 

 

 
 6  ( : ACI 555) 

(  5.2.2.1) 
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 7  ( : ACI 555) 

(  5.2.2.1) 

5.2.2.2 Presplitting Methods 

 Hydraulic Splitter  

  

  

 8  9 

 

 
 8 Mechanical Splitter ( : ACI 555) 

(  5.2.2.2) 
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 9 Piston-Jack Mechanical Splitter ( : ACI 555) 

(  5.2.2.2) 

 

5.2.2.3  (Sandblasting) 

  2.12  4.75 

  860  

 6  (ACI 546R-04)   3   

   

(1)   (Dry Sandblasting) 

 

 70  4 (  

212   4.75 ) 

 

 860   10 
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 10 Abrasive Sand Blasting ( : ICRI 03732) 

(  5.2.2.3) 

 

(2)  (Wet Sandblasting) 

 

  

  

(3)  (High-Pressure Wet Sandblasting) 

 

 10  20    
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5.2.2.4  (Shotblasting) 

 

 20 

  40 

 

 20   11  12 

 

 
 11   (Shotblasting) ( : ICRI 03732) 

(  5.2.2.4) 
 

 
 12   (Shotblasting) ( ) ( :ACI 555) 

(  5.2.2.4) 
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5.3   

 

   

    (Grinding)  13  

Scrifyer  14  Scabbler  15   
 

 
 13  (Grinding) ( : ICRI 03732) 

(  5.3) 

 
 14 Scrifyer ( : ICRI 03732) 

(  5.3) 
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 15 Scabbler ( : ICRI 03732) 

(  5.3) 

 

5.4  

5.4.1   

  

 

    

    

 16 

5.4.2    

 20  

  6  
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 16  

 ( : ICRI 03730) 

(  5.4.1) 

 

5.4.3   

  

 

 

5.4.4  

      

     

 (  350 )  
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( )  

( )  

 

( )  
 

 17   

( : Concrete Repair and Maintenance Illustrated) 

 (  5.4.4) 

 

5.4.5  

  

 10  

    

5.4.5.1    

 1    1007-34   

 1008-38    ACI 318   2 

  1007-34   1008-38  ACI 318 

 AWS  D1.4 
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  (Butt Welding) 

    

  25    

   

(Mechanical Butt Splice) 
 

 

 

 1 

(  5.4.5.1) 

  

( ./ . .) 

  ( ) 

(f’c  200 / . .) (f’c < 200 / . .) 

 2,400 48 db 40 db 54 db 

 3,000 24 db 20 db 27 db 

 4,000 30 db 24 db 32 db 

 5,000 36 db 30 db 40 db 

: 1. db  = ( ) 

   2.  f’c =   

   3.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 . 1901-51      21 

 

 2  E70 

(  5.4.5.1) 

 ( .)  ( .)  
  

( .) 

12 7 15 
 

15 

16 7 15 
 

15 

20 10 30 

 

40 

25 10 30 

 

40 

: 1.  

 2.    E70  

 3.  4000 / . .  

 

5.4.5.2  

  

    

 5.5.2  

  2   1  

 . 1007-34   . 1008-38  ACI 318 

5.4.5.3   

        

     

    0.3   (ACI 546R-04) 
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  18  ( : ICRI 03730) 

(  5.4.5) 

 
 

 19  ( : ICRI 03730) 

(  5.4.5) 

 
 

 20  ( : Concrete Repair and Maintenance Illustrated) 

(  5.4.5.1  5.4.5.2) 
 

5.4.6   21   24  

5.4.6.1  ( )  

5.4.6.2   21 

5.4.6.3   22 

5.4.6.4   23 
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5.4.6.5  ( )  24 
 

 
 21  ( : Concrete Repair and Maintenance Illustrated) 

(  5.4.6.2) 
 

 
 22  ( : Concrete Repair and Maintenance Illustrated) 

(  5.4.6.3) 
 

 
 23  ( : Concrete Repair and Maintenance Illustrated) 

(  5.4.6.4) 
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 24  ( ) ( : Concrete Repair and Maintenance Illustrated) 

(  5.4.6.5) 

 

5.5   (Anchorage Methods and Materials) 

  

   2  

5.5.1   (Post-Installed) 

 (Bolt) 

 (Expansion Bolt) 

    

 1 

5.5.2   (Cast-in-Place) 

  

5.6   (Material Placement for Various Repair Techniques) 

 

5.6.1   

 

 

 

1   500   

 50
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 25  ( : ICRI 03731) 

(  5.6.1) 

 
 26  ( : ICRI 03731) 

(  5.6.1) 

 

5.6.2   
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 27  ( : ICRI 03731) 

 (  5.6.2) 
 

5.6.3  (Troweling) 

 

    

 2  

  

   

 
 28  ( : ICRI 03731) 

 (  5.6.3) 

2   25  50   

 



 . 1901-51      27 

5.6.4   

  

     (Honeycomb) 

     

5.6.4.1    

    

   

(Adhesive)         

     

  2      

    

)1(    (Grouting from Surface)   

  25    

  50      2     

  

   

  

  350    

       

   

  

  

   

    

       

  (1) 

  (2) 

  (3) 
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)2(    (Interior Grouting)   

  25    

  

      (Diamond 

Core)   (Carbide Bits)   

 

  

            

12       (Drill Cutting)  

 

(3)    

 

  (

)   83   

( )   10     

   0.8 : 1   

  3              

6          42   50    

  100    

 0.5  0.4     12    

  ASTM C33   
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 (Expansive  Cement) 

5.6.4.2  

 (1)   

  

  

  2      

    

  

    

  (Grouting from 

Surface)   (Interior Grouting)  

            

3 6    

 

(2)   

 

 

  

   

 (3)   

  

  

   

   

 0.05  

 (ACI 546-04)3  

       

   

3   0.3  2  
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 (4)   

  

    

  

  

    

  

 100  

5.6.4.3      

(1)    

     

(2)   

 

(3)  

(4)  

(5)  

(6)  

(7)

 

(8)  

(9)   

 

(10)  (Pot Life)   

 

(11) 

 

(12) 
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6.   

 

     

 

 1 

6.1   (Cementitious) 

   

  

   

6.1.1   (Conventional Concrete) 

   

      

  

      

   

    

 (Alkaline-Aggregate Reaction: AAR) 

 

    

 

    

 7.8  

 6.1.1.1  

(1)   

  

(2)      

 

    

(Trimie)  
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6.1.1.2  

(1) 

 

 

(2)  

  

 

6.1.1.3   

   

50       

6.1.1.4   

  1201   1212 ASTM C94 ACI 304R ACI 304.1R ACI 304.2R  

 ACI 304.6R  

 

6.1.2   (Conventional Mortar) 

    

  

6.1.2.1   

 

 

 

6.1.2.2    

  

 

 

6.1.2.3    

  (

 10  50 ) 
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(Cyclic Loading)  

 

6.1.2.4    

 . 1201  . 1212  ASTM C387  

  

    

 

6.1.3   (Proprietary Repair Mortar) 

             

  

 6.1.3.1    

 

  

 

   

 6.1.3.2   

 

 

 

 

 6.1.3.3   

 3  

(ACI 546R-04) 

 

  

 6.1.3.4   

 ASTM C928  

6.1.4   (Fiber-Reinforced Concrete) 

 

 (Plastic Shrinkage)  (Drying Shrinkage) 
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 ACI 544.3R ACI 544.4R   

ACI 506.1R 

 6.1.4.1   

   

 

 

 6.1.4.2   

 

  

 

 

6.1.4.3    

  

     

  

6.1.4.4   

 ASTM C1116    

 

6.1.5   (Shrinkage Compensating Concrete) 

  

  

 

6.1.5.1    
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6.1.5.2   

(1)     

  ACI 223 

  

(2)  

   

 

6.1.5.3   

   

  

 

6.1.5.4   

(1)  ASTM C845  

(Expansive Hydraulic Cement)   

  

(2)  ASTM C806   

(3)  ASTM C878  

6.1.6  (Nonshrink Cement Grout) 

    

   

  

  

 
4  

  

 

4      
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6.1.6.1   

    

    

6.1.6.2   

 

 

 3  (ACI 546R-04)  

6.1.6.3   

 

 

 

 

 

6.1.6.4   

ASTM C1107  3   

 

     

6.1.7   (Rapid-Setting Cement) 

   

 17  (170 )   

3    3 

 

6.1.7.1   

 

  

6.1.7.2   
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6.1.7.3   

 

6.1.7.4   

 ASTM C928 

   

6.2   

   

 

   

  

6.2.1   

   

    

 0.05   (ACI 546R-04)      

   

   

   

   

 

6.2.2   
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6.2.3   
5    

 

(1)    ASTM C-881 

Type I  IV, Grade 1, Class B  C  

(2)         

 ASTM C-881 Type IV  

(3)     

         ASTM C-881 Type I    

(4)   

 1 

6.2.4   

 ASTM C881   

  

6.3   (Polymer) 

   ACI 548.1R 

     

   

2    

6.3.1   (Polymer Cement Concrete and Mortar)   

        

 - 

 (Styrene Butadiene)   (Acrylic Latex) 

 6.3.1.1  

(1)    - 

     

 100 

5   0.3  2  
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(2)        

 

(3)      

6.5.1.1(1)  6.5.1.1(2)  

(4)   

  

 6.3.1.2   

 6  

 6.3.1.3   

     

  
7 

 6.3.1.4   

ASTM C 685 ASTM C 1438  ASTM C 1439  

6.3 .2       (Polymer Concrete)       

   

 

 6.3.2.1  

  

                 

   

 6.3.2.2   

  

6 ACI 546R-04  7  30  

 
7  20  
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 6.3.2.3   

   

    

 

 6.3.2.4   

ASTM C 881 

6.4   (Bonding Agent)  

  3    

 (1)  (2)    (3)   

6.4.1     

6.4.1.1  ASTM C881  

  

  

6.4.1.2  

  

 

   

6.4.2   

6.4.2.1  ASTM C1059    2   

  (1)  (Redispersible)  (2) 

 (Nonredispersible) 

6.4.2.2  1  

  2    1  

      2  

 

6.4.2.3  1  2.8  

 2  8.6  
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6.4.3    

   

 1:1  

 

6.5     (Coatings on Reinforcement) 

 -  
8   

6.6   (Reinforcement) 

    

 

6.6.1   . 24-2548  

  20-2543    737-2531  

. 1008-38  

  

   

6.6.2   

      

  

    

   

 9 

6.6.3   

  ASTM A767  ASTM A780 
10 

8    

  

  
9  
10  
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6.6.4      

 304  316  316      

 

   

 

6.6.5   

      

  (Fiber Reinforced Plastic: FRP)   

     

     

  

(1)  . 1508-51   

 (Fiber Reinforced Polymer: FRP)   

6.7   

6.7.1  

    

 

   

   (Pull-Off test)   

 ASTM D-4541  29   31 11,12 

6.7.2    

(1)   

  

(2)    

(3)     

(4)   

11  1   10  3    
12  10  
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6.7.3      

(  30 )  (  30 )   

 (  30 ) 

 
 29  ASTM D4541 (Pull-Off Test)  

( : ACI 555) 

 (  6.7.1) 

 
 30  ASTM D4541 (Bond Test)  

( : ACI-RAP 4) 

 (  6.7.1, 6.7.3) 

 Detach Assembly 

  (Central Grip) 

 (Loading 

 (Annular Ring) 
 (Adhesive) 

 (Base) 
 

 (Coating System)  (Substrate) 

 (Types of Tensile Breaks) 

. . . 

 

 

 

 (Surface Materials) 

 (Substrate) 

 

 (Bond Line) 

 

.  

(Substrate Failure) 

.  

 (Bond Failure) 

.  

 (Surface Material Failure) 
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 31  ( : ACI 555) 

 (  6.7.1) 

 

6.8   

6.8.1   (Dimensional Stability) 

  

  

  

   

   

  

 2  

6.8.1.1  

   

6.8.1.2  

6.8.2   (Coefficient of Thermal Expansion)  
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13  

 

 6.8.3  (Drying Shrinkage)  

  

  (1)  (

) (2)  (3) 

  (4)  

 40  (ACI 546R-04) 

 

 (ACI 546R-04) 

6.8.4   (Modulus of Elasticity)  

(Stiffness)     

   

   

 

  

 

 

6.8.5  (Permeability)  

       

  

 ( ) 

6.8.6  (Chemical Compatibility) 

      

 (pH) 

13  7x10-6  11x10-6  
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 (pH)  12 

6.8.7  (Electrical Properties) 

  

  

    

    

(ACI 546R-04) 

6.8.8    

 

 

6.8.9   (Application of Service Conditions)   

   

  

   

 

6.8.9.1 

 

6.8.9.2  

 

6.8.9.3   

   

 

6.8.9.4  (Non Sag) 

6.8.9.5   

  

6.8.9.6   

 

6.8.9.7    

6.8.9.8  
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6.8.9.9    

    

6.8.9.10   

6.8.9.11   

 

6.8.9.12   

7   

7.1  

 2      

 

 32  33 

  

   

 

 

 
 32  

(  7.1) 

 

 



 48                                                                 . 1901-51    

 



 . 1901-51      49 

7.2    

7.2.1     

  

  

   

7.2.1.1    6.2  

7.2.1.2   

  

    

    

  

  

 3    (Batch System)    

(Two-Tank System)  Equal-Volume Method14 

7.2.1.3    (Pump)  

   Positive-

Displacement   (Piston Pump)15  

7.2.1.4    

   (Hose)  

(Valve)  (Fitting)  (Piping)  (Blow-off Relief 

Valve)  (Header)  (Standard Drill Rod) 

    

   

 

 

 

  

14   4
15   4 
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7.2.1.5  

 Variable-Volume Pump System (Proportioning System)  Two-Tank 

Gravity-Feed System  Batch system  Gravity-feed system 16 

7.2.2    

7.2.2.1   0.3  3.0  

 0.3  3.0 

 17  

7.2.2.2  

  

   

 

   

 

7.2.2.3  

  

  

7.2.2.4  

   

7.2.2.5  

 

 

7.2.2.6  

7.2.3    

7.2.3.1   

(1)  

 

  

16   4 
17  USBR  0.125  6.25  
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(2)  

  

 (3) 18 

 2    

.  

 

  

  

  

 

.  

 

  

 

(4)  

  

 

  

 

7.2.3.2   

 2   

7.2.3.1 (3)  

18     
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(1)  

 

 7.2.3.1 (3)   

 

(2)    

 7.2.3.1 (3)  

 

   

 

  

7.2.3.3  

    

  

  (Grinding)  

  

7.2.3.4   

 

 

 90 

  

   

          7.2.3.5   44 
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 44  

(  7.2.3.5) 

 

7.3   (Nonshrink Cement for Grouting)  

7.3.1     

 7.3.1.1   6.1.6  

7.3.1.2    (Pump)  

   Positive-

Displacement   (Piston Pump)19  

19   4 
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7.3.2    

 7.3.2.1  

   

 

  

 7.3.2.2 

  

 7.3.3.3        

3   

 

 

 7.3.3.4 

     (Honeycomb)  

7.3.3    

 7.3.3.1  

    

 7.3.3.2   

 

            

1:5  1:1  

  

 7.3.3.3  

 

  

7.3.3.4  45  
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/

 
 

  45   

(  7.3.3.4) 

 

7.4   (Routing  Sealing) 

 46  

  (

)  

7.4.1     

 7.4.1.1   6.2 ( )   

6.1.6 ( )   
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 7.4.1.2 

    

 7.4.1.3 

  

 7.4.1.4   19    

(EM 1110-2-2002)  

 

7.4.2   

 7.4.2.1  

   

7.4.2.2 

  

7.4.2.3 

 

 

7.4.2.4   (1) 

 (2)  (3) 

  (4) 

   

 ACI 504R 

7.4.3    

7.4.3.1   

         

 (Sealant)  

6       

  

7.4.3.2  

(1) 

  

    2     
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.  

  

    

 

.   

  

    

(2) 

   

    

 ( )    

 

                   
 46   (Routing  Sealing)     

( : EM 1110-2-2002) 

(  7.4) 

 

7.4.3.3  

(1) 

 

  

(2)  
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7.4.3.4   6.4 

(1)   

     

(2) 

  

    

(3) 

  

(4)    (Bond Breakers) 

 

7.4.3.5    

(1)   

   

  

 

    

(2)  

 

    

   (

)  

   

  

 

7.4.3.6  (Routing  

Sealing)  47 
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 47  (Routing  Sealing) 

(  7.4.3.6) 
 

7.5   
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7.5.1   

  6.1.3   

7.5.2  
7.5.2.1   

 

  

   

7.5.2.2  3  25  

 

7.5.2.3   

(1)                         

  

 (2)                        

  

7.5.3    

 7.5.3.1  

 5    

 

 7.5.3.2  6.4 

 

 7.5.3.3   

  . 101 

7.5.3.4  

 48  
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 48   

 (  7.6) 

 

7.6   (EM 1110-2-2002) 

 (Latex Modified)  

 (Epoxy-Resin Modified)  
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7.6.1    

  6.3  

7.6.2   
7.6.2.1  25  51  

  51 

 

7.6.2.2 

  

  

 

 

 

7.6.2.3  

 

 

 

 

  

(Air-Entrained Concrete)  

7.6.3  

7.6.3.1   

(1)  

  

 100 

 

 25  

  

 8  
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 (2)  0.5   

   

 

 

 

(3)  

 

 50  

 50  

 

   

(4) 

  

 

 

(5)  

 

 

 7.6.3.2  

  -  (Styrene-Butadiene) 

(1) 

  

 

   

(1.1)  

(1.2)   (  125 25 )  

  (Air-Entrainment)   

(1.3)     
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(2)  

   7 

 30  (45  85 ) 

  

(3)  

 

(4)   

(5)    

 1  2  

 72   

7.6.3.3   

 

 49  50  
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25 .

( 8 )

50 .

 
 

 49  

 

(  7.6.3.3) 
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 50   

 

(  7.6.3.3) 
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7.7   

      

  

 

 

7.7.1   

  6.1.1 

7.7.2  
7.7.2.1   

 

  

   

7.7.2.2  100  600 

 

7.7.2.3   

(1)                        

  

(2)                       

  

7.7.2.4   

  

 

   

  1.5    

 

 

7.7.3    

 7.7.3.1  

 5    
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 7.7.3.2  6.4 

 

 7.7.3.3      

 . 101 

          7.7.3.4   

  51  

 
 

 51   

 (  7.7.3.7) 
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7.8   (Conventional Concrete Placement) 

 

 (  52)  

  (w/c) 

  (Shrinkage Cracking)  

 

7.8.1   

   6.1.1 

7.8.2    

7.8.2.1   

  

7.8.2.2 

 

   

 (Abrasion Erosion) 

 

  

7.8.3    

7.8.3.1  

 5    

 

                  
 52   ( : ACI-RAP 4) 

(  7.8) 
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 (1)   (Featheredging)  

 (2)   

 (3)   

    1:3 

 (4)   

 (5)   5.4.2  

 (6)   25   

  7.8.3.2  

  

 

  (Dowel) 

  

7.8.3.3  

  

  

  50     

 

 

  3     

   ASTM C881, Type II  

Type V   ACI 503.2 

  

7.8.3.4   

 (w/c) 

    

. 101 

 7.8.3.4   

    



 . 1901-51      71 

 

  

 

7.8.3.5   . 101 

7.8.3.6   53 
 

 
 

 53  

(  7.8.3.6) 
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7.9   (Stitching) 

  (U) 

 (Stitching Dog)     

  54 

7.9.1    

 7.9.1.1   6.6.1 

 7.9.1.2   6.4.1 

7.9.2      

7.9.2.1 

  

7.9.2.2 

 

 

7.9.3    

7.9.3.1   

7.9.3.2  5 

7.9.3.3  

  

 

 

7.9.3.4   

 

7.9.3.5  
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7.9.3.6  

 

  

   

 

7.9.3.7 

  

     

                        7.9.3.8   55 

 

 
 

 54  ( : EM 1110-2-2002) 

(  7.9) 
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 55  

(  7.9, 7.9.3.6) 

 

7.10   (Additional Reinforcement) 

 

  

7.10.1    

 7.10.1.1    6.6.1 

 7.10.1.2    6.4 
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7.10.2     

  56 

7.10.3    

7.10.3.1 20     90    

 

 344    552  (50  80 ) 

 12  16 

   500  

   

 

    

7.10.3.2 

  

 (Silicone)  (Elastomer) 

  

 1.6   2.4      

 20    

7.10.3.3  

 ASTM C881 Type I Low-Viscosity Grade 

7.10.3.4  

 
 

 
 56  ( : EM 1110-2-2002) 

(  7.10) 
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  7.10.3.5  57  

 

12 – 16 . 

500 .

20 . 

344 – 522 kPa

 
 
 

 57  

(  7.10, 7.10.3.5) 
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7.11  (Drilling and Plugging) 

711.1    

 7.11.1.1 

 (Key)  58 

7.11.2   

 7.11.2.1 

  

 7.11.2.2  

7.11.3   

7.11.3.1  50     75    (  EM 1110-2-2002)

 

  

 

  

    

 

7.11.3.2    

 (Asphalt)   (Polyurethane Foam) 

 

  

 

 
 

 58  ( : EM 1110-2-2002) 
(  7.11) 
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7.11.3.3  59 

 

 50-75 . 

 
 

 59  
(  7.11, 7.11.3.3) 
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7.12  

(1)   

      

  

(2)       24  

   (    5.6.3  )  

 (  5.6.4.1   7.3)   

(3)    24  

                    

(  5.2)  (    

  5.3) 

 (  5.6.4.1    7.3)   (   

 5.7.1   7.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 80                                                                 . 1901-51    
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 1  

 

   
 

1.1   (Cementitious)  6.1 

1.1.1    (Proprietary Repair Mortar)  6.1.3 

   ASTM C928  1 
 

 1  

(  1.1.1) 

 
 

3  1  7  28  

1.  ( )     

1.1   R1 3.5 14 28  1) 

1.2   R2 7.0 21 28  1) 

1.3   R3 21 35 35  1) 

2.  ( )     

 R1, R2, R3 - 7 10 - 

  1)  28   7  

 

 

1.1.2    (Shrinkage Compensating Concrete)  6.1.5 

 ASTM C845  2 
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 2  

(  1.1.2) 

  

1.  ( ) 75 

2.  ( ) 12.0 

3.    

3.1   7 : 

 ( ) 

  ( ) 

 

0.04 

0.10 

3.2   28 :  

 7  

 

115 

4.  ( )  

4.1  7  14.7 

4.2    28  24.5 

 

 

1.1.3    (Nonshrink Cement Grout)  6.1.6 

 ASTM C1107  3 
 

 3  

(  1.1.4) 

 

 

 

( ) 

1  7.0 

3  17.0 

7  24.0 

28  34.0 
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1.1.4   (Rapid-Setting Cement)  6.1.7 

 ASTM C928  4 
 

 4  

(  1.1.4) 

 
 

3  1  7  28  

1.  ( )     

1.1   R1 3.5 14 28  1) 

1.2   R2 7.0 21 28  1) 

1.3   R3 21 35 35  1) 

2.  ( )     

 R1, R2, R3 - 7 10 - 

  1)  28   7  

 

1.2    6.2 

 ASTM C881/ C881M  5 
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 5  

(  1.2, 1.3.2, 1.4.1) 

 
1) 

I II III IV V VI VII 

1.  (Viscosity, P) ( - )        

1.1   1 2),  2 2 2 2 2 - - 

1.2   2 2),   2 2 2 2 2 - - 

 10 10 10 10 10 - - 

2.  (Consistency) ( )        

 3 2),  6 6 6 6 6 6 6 

3.  ( ) 30 30 30 30 30 30 30 

4.  ( )        

4.1   2  ( ) 7 - - 7 - 7 - 

4.2   14  ( ) 10 10 10 10 10 - 7 

5.  24  ( ) 1 1 1 1 1 - - 

6.   

( )  

       

6.1   24  - - - - - 14 - 

6.2   36  - - - - - - 7 

6.3   48  - - - - - 40 - 

6.4   72  - - - - - - 14 

6.5    7  55 35 - 70 55 - - 

7.  ( )        

7.1   100

0 

600 - 1400 100

0 

- - 

7.2   - - 896 - - - - 

8.  7   

( ) 

35 14 - 50 40 - - 

9.  ( ) 1 1 30 1 1 - - 
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 5  ( ) 

(  1.2, 1.3.2, 1.4.1) 

    

1)   7  (Types)  (Application)   

 I   (Non-load Bearing) 

  

  

 II  (Non-load Bearing) 

 

 III   (Skid-Resistant Materials)  

    

 (

) 

 IV    (Load Bearing) 

            

 

 V   (Load Bearing) 

 

 VI   (Sealing)  

(Segmental Precast Elements with Internal Tendon)  (Span-

to-Span Erection)  (Temporary Post Tensioning) 

 VII  (Sealer)  (Segmental 

Precast Elements)  

2)   3  (Viscosity and Consistency)  

 1   (Low Viscosity)  

 2  (Medium Viscosity)  

 3    (Non-sagging Consistency) 

3)  6  (Class)   Class A, B, C  I  V  

Class D, E, F  VI  VII  

Class A  4.0   

Class B  4.0  15.0  

Class C  15.0   

Class D  4.0  18.0  

Class E  15.0  30.0  

Class F  25.0  30.0  
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1.3     6.3 

 1.3.1   (Polymer Cement Concrete and Mortar)  

   6.3.1 

  2   

 1  

 2  

 ASTM 

C1438  6 

 ASTM C1439  7 
 

 6  

(  1.3.1) 

 
-  -  

 1  2  2 

1.  ( ) 12.0 12.0 7.0 

2.  ( )    

2.1  70 70 80 

2.2  140 140 140 

  7  

(  1.3.1) 

   

 

 

1.   390  3  

2.   975  6   

3.   780  6   

4.  

 

 

 (Air Content )  2-7 

5.    90 15  

 

 

1.   100  2   

2.   275  10  

3.   

 

 

 (Air Content )  2-12 

4.    105-115 



 . 1901-51     87 

 1.3.2   (Polymer Concrete)  6.3.2 

 ASTM C881/ 

C881M  5 

 

1.4    6.4 

 

 1.4.1       6.4.1 

 ASTM C881/C881M  

 5 

 

 1.4.2      6.4.2 

 ASTM C1059  

 8 

 

 8  

(  1.4.2) 

 1) 
  

( / . .) 

 1 28 ( ) 

 2 86 ( ) 

:  

1)   2  

 .   1   (Redispersible)   

  

 .  2  (Non-redispersible)  
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1.5   (Coatings on Reinforcement)  6.5 

  9 

 

 9  

(  1.5) 

  

1.   2.5 

2.  ( ) 40 ( ) 

3.  ( ) 135 ( ) 

4.  (  BS 4652 ) < 1  

5.  (  BS 4652 ) 1) 

6.  (  BS 4652 ) 2) 

 

 1), 2)   BS 4652  

 

1.6   (Sealants)  7.4 

 10 11  12  
 

 1.6.1  (Bituminous Sealants) 

  10 
 

 10  

(  1.6.1) 

  

1.   

2.  (Flash Point)  65  

3.  1.14  

4.   5  
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1.6.2  (Polyurethane Sealants) 

 11 
 

 11  

(  1.6.2) 

  

1. Movement Accommodation Factor (MAF)  

(  BS 6093 ) 

 

1.1    25 

1.2    50 

2.  5  35  

3.  - 30  80  

4.  1.25  

5.  (Flash Point)  65  
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1.6.3  (Polysulphide Sealants) 

  12 
 

 12  

(  1.6.3) 

  

1. Movement Accommodation Factor (MAF)  

(  BS 6093 ) 

 

1.1    25 

1.2    50 

2.   

2.1   25  2  

2.2   35  1  

3.   

3.1   15  36  

3.2   25  18  

3.3   35  12  

4.   

4.1   15  2  

4.2   25  1  

4.3   35  4  
 



 . 1901-51    91

 2  

2.1   

 

  

 

 

    

  ACI 318   

2.2  /

 

2.2.1  (Internal Structural Repair) 

2.2.1.1    

   

  

 

 

 

2.2.1.2     

   0.125 

 

 

2.2.1.3   
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2.2.2   (Interior Reinforcement) 

2.2.2.1    

    

 

  

2-1   2-3    

 

   

    

  

2.2.2.2    

  

 

2.2.2.3    
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  2-1  

( : ACI 546) 

(  2.2.2) 

 
  2-2  ( : ACI 546) 

(  2.2.2) 

 
  2-3  ( : ACI 546) 

(  2.2.2) 

 (Dowel)   

2    

 

 

 

 

 

 

 

 (Dowel)  
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2.2.3   (Exterior Reinforcement)  

2.2.3.1    

  

    (CFRP)  (GFRP) 

 

      

 

     

   

 

 

 

 5  

    

   

    

2.2.3.2    

       

 

  

 

 2-4   
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   /

   

 

2.2.3.3   

      (Stiffness) 

  

             

  

   

 

 

 

 5 

 

 (Glass Transition Temperature)  50 

   

 
 2-4  . ( : ACI 546) 

(  2.2.3) 

 

 

 

(Shear Crack) 

 

 

 

(Flexure Crack) 
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2.2.4   (Jackets and Collars) 

2.2.4.1    

 

   

  

 

   

    

  

 

   

   

   

 

2.2.4.2    

 

    

   

 

2.2.4.3    
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 2-5   

(  2.2.4) 

 

2.2.5   (Supplemental Members) 

2.2.5.1    

    

 2-6  

 

2.2.5.2    

 

 

   

  

 

2.2.5.3    
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 .2.2.5.4    2-6   

(1)  2-6  ( )  

 

-   

 

 

(2)   2-6  ( )  

 

  

 

  

(3)   .2.2.5.4(1)  .2.2.5.4(2)

 

 

(4)   2-6 ( )  
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( )  

 
( )  

 
 ( )  

 2-6  

(  2.2.5) 

 

2.3  (Repair of Concrete Columns) 
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2.3.1    

  2   (1) 

  (2) 

  

 

  

  

2.3.2       

  

2.3.2.1  

2.3.2.2   

2.3.2.3   

2.3.2.4   

2.3.2.5   

2.3.2.6   

2.4  (Column Repair Parameters) 

 2.4.1  

   

 

 

 2.4.2   

    

   

 (Stress Concentration)  

 

2.4.3   
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2.4.4   

  

  

 

  

 

 2.4.5    

  

 

   

 

 5.4 

 2.4.6    

 

 

 

 5.4 

 2.4.6    

  

 2.4.6.1   

 

 2.4.6.2   

 2.4.6.3   

 

 2.4.6.4  
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 3  

 

3.1    3-1 

 3.2   3-2 

 3.3   3-3 

 3.4   3-4 

3.5  

 3-5 

3.6  Pore Space   3-6 

3.7   3-7 

3.8   3-8 

3.9  ( ) 

 3-9 

3.10   3-10 

3.11     3-11 

3.12   3-12 

3.13  ASTM D4541  3-13 

 

 3-1   

 ( : Concrete Repair and Maintenance Illustrated) 

(  3.1) 
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 3-2   

( : Concrete Repair and Maintenance Illustrated) 

 (  3.2) 

 

 
 3-3   

( : Concrete Repair and Maintenance Illustrated) 

 (  3.3) 
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 3-4   

( : Concrete Repair and Maintenance Illustrated) 

 (  3.4) 

 

 
 3-5  

( : Concrete Repair and Maintenance Illustrated) 

(  3.5) 
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 3-6  Pore Space   

( : Concrete Repair and Maintenance Illustrated) 

 (  3.6) 

 

 
 3-7   

( : Concrete Repair and Maintenance Illustrated) 

 (  3.7) 
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 3-8  

( : Concrete Repair and Maintenance Illustrated) 

 (  3.8) 

 

 
 3-9  ( ) 

( : Concrete Repair and Maintenance Illustrated) 

(  3.9) 
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 3-10  

( : Concrete Repair and Maintenance Illustrated) 

 (  3.10) 

 

 
 3-11   

( : Concrete Repair and Maintenance Illustrated) 

 (  3.11) 

 



 . 1901-51     109 

 
 3-12   

( : Concrete Repair and Maintenance Illustrated) 

 (  3.12) 

 

 
 3-13  ASTM D4541 

( : Concrete Repair and Maintenance Illustrated) 

 (  3.13) 
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 4   

 

4.1  (Mixing and Blending Tank) 

  4-1 

     

    

 

   3    

 (Batch System)    (Two-Tank System)  

Equal-Volume Method 

 4.1.1   (Batch System) 

  

  

     

    

   

 

 
 

 4-1   ( : EM 1110-1-3500) 

[  4.1.1] 
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4.1.2   (Two-Tank System)  

   2   1 

  2    4-2  

  

 

 

  
 

 
 4-2   ( : EM 1110-1-3500) 

[  4.1.2] 

 

 4.1.3  Equal-Volume Method  

 Equal-Volume Method   4-3  
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 4-3    Equal-Volume Method ( : EM 1110-1-3500) 

[  4.1.3] 

 

4.2   (Pump)  

   Positive-Displacement   

 (Piston Pump) 

 4.2.1   Positive-Displacement  

 (Screw Pump) 

  (Stator) 

  

  4-4 

 

 (Piston Pump)  

 4.2.2  (Piston Pump) 

 Simplex Pump  4-5  

 1   

 Positive Displacement 
2  

 

 70  (686 ) 

1   2   Simplex Pump  Duplex Pump  Simplex Pump 

 4   Duplex Pump  8     Simplex Pump 

 Duplex Pump      
2   ( )  

  Positive Displacement  
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 1  100  (1  100 ) 

  

 

 

 
 

 4-4  Positive-Displacement ( : EM 1110-1-3500) 

[  4.2.1] 

 

 

 

 
 4-5  Simplex Pump ( : EM 1110-1-3500) 

[  4.2.2] 
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 5  

 

  

 

  

  

 (Drying Shrinkage)  (Thermal Cycling) 

  

  

  1  

 

   
 5-1  

(  5) 
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5.1  

    

   

  

   

 

 

  

5.2   

 

 (Deterioration Check)   

 

 

5.3    

5.3.1   

  

   

  

5.3.2   

  

5.3.3  

 

5.3.4  

5.3.5 

 

5.3.6    

  

5.3.7  

5.3.8   
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5.3.9  

5.4  

  

  

 

5.4.1  

5.4.2      

  

5.4.3  (Creep and Shrinkage) 

  

5.4.4  (Vibration) 

5.4.5  

5.4.6  

5.4.7 

 



 

   

1.     

2.     

3.    9  ( ) .  

4.    9  ( ) .  

5.    8 .  

6.    8  ( ) .  

7.    8  ( ) .  

8.    8  .  

9.    8  .  

10.    8  .  

11.    8  ( ) .  

12.    7  .  

13.    8  ( ) .  
 

 

 

     

       
 

: 

    

 

: 

.     

 

.      

  

        

 




