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 1  
 

 .    

     Drainage Structure 

   (Overpass  Underpass)  (Interchange) 

     (Permanent Structure) 

   

  

 

 

1.1  

    

1.1.1  

1.1.1.1   

1.1.1.2  (Span)    

1.1.1.3    (Overpass)  

1.1.2     

 (Overpass)  

  

 

1.1.3  (Interchange) 

    

 

 

1.2  

1.2.1  
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1.2.1.1.1  

1.2.1.1.2  
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1.2.1.1.5 
  

 

1.2.1.1.6   
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1.2.2.2.3  

1.2.2.2.4  Caisson  
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1.2.2.2.5  Bored Pile  

1.2.2.2.6    

   

  Load Test   

1.2.2.2.7   

  

1.2.2.2.8 
 

1.2.2.2.9   (Admixture) 

 

1.2.2.2.10  (Slump)  

1.2.2.2.11  

  Control Test 

1.2.2.2.12  

1.2.2.2.13   

 

1.3  
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 (Compression)   (Tension)  (Shear)   
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   1.1 

 

 

 

 

 

 

 

 

 

 

 1.1  

 

1.3.1.1  (Portland Cement) 

  

  .15    5   

1.3.1.1.1  1  (Ordinary Portland Cement) 

 

 

1.3.1.1.2  2  (Modified Portland Cement) 

 

1.3.1.1.3  3  (High-Early Strength Portland 

Cement) 

   

    3 

 

 

1.3.1.1.4  4  (Low-Heat 

Portland Cement)   

(Mass Concrete) 
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1.3.1.1.5  5  (Sulphate  Resistance  

Portland Cement) 

  (Alkaline)  

 5  1 

   1  

  5 

 

  

    

 

    

 

 

1.3.1.2  (Aggregate) 

  

1.3.1.2.1  (Coarse Aggregate)      

    

    

    

   

(1)  (Abrasion Test)  

(2)  (Porosity) 

(3)  (Soundness Test) 

(4)  (Flakiness Index) 

(5)  (Longitudinal Index)  

(6)  

(7)  (Gradation)    

 1  5  3  4 

 

 

1.3.1.2.2  (Fine Aggregate)     
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(1)      

  

(2)  (Soundness Test) 

(3) Organic Impurities Test   

(4)  

 

1.3.2  

  . 

     

 

  

1.3.2.1  (Reinforcing Steel)  

1.3.2.1.1   (Round Bar) 

  : 

   .20 

1.3.2.1.2   (Deformed Bar) 

  : 

  .24 

 

1.3.2.2  

1.3.2.2.1   

  .95 

  

,  , , ,  

 

1.3.2.2.2   7   

 

  7  
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1.3.2.3  (Binding Wire) 

  .138  

 

1.3.3  

  

 . 

   

      

  

  

  

  

   

   
 

     

(1)   2  

(2)   14  

(3)  

  28   

 

1.4  

1.4.1  

   3   

1.4.1.1    5.00 - 15.00 . 

1.4.1.2    16.00 - 30.00 . 

1.4.1.3    30.00 . 
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1.4.2  

  3    (Superstructure) 

 (Substructure)   (Foundation) 

 

1.4.2.1  (Superstructure)   

 (Support)  

1.4.2.1.1 Slab 

1.4.2.1.2 Side Walks 

1.4.2.1.3 Railing 

1.4.2.1.4 Cross Beam  Main Girder (  Girder Type) 

1.4.2.1.5 Bearings 

 

 

 

 

 

 

 

 

 

 
 1.2   Superstructure  RC. Bridge Slab Type 

 

 

 

 

 

 

 

 

 1.3   Superstructure  Girder Type Maximum Span 20.00 m 

Cap Beam 
RC Slab 

Cap Beam 
Plank Girder 
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 1.4   Superstructure  Multi - Beam Maximum Span 30.00 m. 

 

 

 

 

 

 

 

 

 1.5   Superstructure  Box Beam Maximum Span 20.00 m. 

 

 

 

 

 

 

 

 

 

 

 

 1.6   Superstructure  RC. Bridge Girder Type 

Cast In-Place Deck 
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       Superstructure 

-  (Slab)   

 (Substructure)  

 

   

 .   

    

    (Impact) 

  

 

 

o   Slab Type    2   

  

(1)  (RC. Slab Cast In-Place) 

     

(Plank Girder)   

(2)  (Plank Girder)   

  

 

  

  

o  Multi - Beam  Box Beam Type  

 Multi - Beam  Box Beam 

 

o  Girder Type     

  I-Beam   (Cross Beam)  

 I-Beam  

 

-    
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1.4.2.2  (Substructure)   (Support) 

  

1.4.2.2.1  (Cap Beam) 

1.4.2.2.2  (Pier  Pier Shaft) 
 

 
 1.7   Substructure   (Piles Footing) 

 
 1.8   Substructure   (Spread Footing Foundation) 
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 1.9   Substructure   PC. Box Girder    Span 20.00 m. 

 

 

1.4.2.3  (Foundation)  

  

    2   

 (Shallow Foundation)  

   (Deep Foundation)  

  

 

    

    

  

   . 

  

   

 

1.4.2.3.1  (Spread Footing)  2   

(1)  (Raft Footing)  

(2)  (Isolated Footing, Pedestal Footing)  
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1.4.2.3.2  (Pile Footing)    

(1)   (Reinforced 

Concrete Pile) 

(2)  (Prestressed Concrete Pile) 

(3)   (Spun Concrete 

Pile) 
 

   (Bored Pile)   2     

(1) Wet Process   

 

  Bentonite  Polymer Base Slurry 

   

 600      800    900   

1,000   1,200   1,500   

(2) Dry Process  

  

  

600  
 

     (Substructure) 

 (Foundation)  (Superstructure) 

    

(1)  (Spread Footing) 

      

  (Wing Wall) 

(2)  (Pile Bents)  

  Bored Pile    

    

 (Wing Wall)  

(3)   (Pile Group)   

  

 

  Long 

Column  
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(4)  (Caisson Type)        

   

 

  

  

(Underwater Placement)  

 

(5)  

  

 

(6)  (Cast in Drilled Holes)   

(Bored Piles)  
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 2       
 

2.1      

2.1.1      

   

 (Close Traverse)  

2.1.2        

 (Bench Mark)  

   

    

      

2.1.3  Plan  Profile     

  300   

  . 4.1    . 4.2 

  

2.1.4   (Existing Cross Section)    25.00 .   12.50 .  

5.00 .   

 

2.1.5   

        

  

2.1.6      

      

2.1.7      

         

      

 

2.1.8    .      
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2.2  

2.2.1  

2.2.1.1  

2.2.1.2  

2.2.1.3     

 

2.2.1.4  

2.2.2  

2.2.2.1   

    

      

2.2.2.2  

( ) 

2.2.2.3    

Digital File 

2.2.3  

2.2.3.1      

  

      

        

 

2.2.3.2     

 

2.2.3.3   

   

2.2.3.4    
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 2.1  

 

 

 
 

 
 

 2.2  
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2.3  

2.3.1  

2.3.1.1  (Bench Mark)  

2.3.1.2    25.00     12.50 

  5.00         

 

2.3.1.3   

  

2.3.1.4 
    

  /    

 

 

 

    
 

 2.3  
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 2.4   (Existing Cross Section) 

 

 

2.3.2  

2.3.2.1   (Existing Cross Section)    25.00    

12.50   5.00        

    

 

2.3.2.2  

2.3.2.3  Profile Grade  2   1  

   

2.3.2.4  Profile Grade   

    (Deck)  

     

2.3.2.5  

   /      

 Crown Slope  
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2.3.2.6   

     

      

 

 

CL
PG PG

0.8 m.

(A) Asphalt Elev. 

(B) Deck Elev. 

(C) Column Elev. 

(D) Footing Elev. - TOP 

(E) Footing Elev. - BOTTOM 

(F) Pile Cut-Off = GL - 2.000

(G) Pile Tip = GL - 45.000

GL - Ground Level

 
 

 2.5  

 

2.3.3  

2.3.3.1     

 

2.3.3.2   
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 3  (Reinforced Concrete Bridge) 
 

 (Reinforced Concrete Bridge)  . 

    

     

  

 

  

      

   

     

 

 

3.1  (Substructures) 

3.1.1  (Pile Cap or Footing) 

  

    

   3     

 

3.1.1.1  (Spread Footing) 

3.1.1.1.1   

3.1.1.1.2  2.50  

  2.50  

  

 

3.1.1.1.3  Bearing Capacity  10 Ton/m2 

 

3.1.1.1.4  

 

3.1.1.1.5 

  

3.1.1.1.6    .4.2  
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3.1.1.1.7        

.4.2  

3.1.1.1.8  2.00 . 

   0.50   

 

3.1.1.2  (Driving Pile Footing)  

3.1.1.2.1   

3.1.1.2.2  .   

 50 

    3  

 Diesel Hammer  

 

3.1.1.2.3 
 7.50 .   AASHTO  

    

3.1.1.2.4  .  

 4   

    

3.1.1.2.5    

   

 (Hard Driving)  

 1/8x1½  

 15 .  1.50 .  

3.1.1.2.6  

3.1.1.2.7  

(1) 
   

(2)  Boring Log   3   

 

(3)  

 SPT (Standard Penetration Test) 

    

 



 

 

23

(4) 

  

  3   

(Design Load) 

  

(5) 
   

(6)   

   

(7) 
 Hiley’s Formula  Static Load Test 

   

3.1.1.2.8   

  

(1)  . 

 

  

 

(2)  

(3)      

    

    

 

(4)   4.2  

  . 1   

 

3.1.1.3  (Dry Process Bored Pile)   
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  35,  40,  50   60   

    

 (Dry Process)     

    

   1 

  

 

 

 (Dry Process) 

  

      3    

     Tripod Rig    

    
 

 

(1)   

(2) 

 

(3) 

   

(4)  

 (Steel Casing)  

 (Auger Type) 
 

 

(1)  (Boring Tackle)   

 1.00    Pre – Bored 

(2)  (Casing)    1.20  

 1.30  

  (Medium Clay) 

  12.00 – 15.00  
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(3)     

  

  

    

 18.00 – 23.00  

 

(4)  

(5) 
 

(6)    

(7)    (

)   

(8)     

 

(9) 
 

(10)  
 

 

(1)  

(2)     

 

(3)  (Tremie) 

   

(4)  

(5)     

 

(6)  

(7)  Hopper 

 150 – 200   1.00 
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   Workability  (Slump)  10 – 15 

 

(8)  5.00   

   

(9)   

 

(10)   

    

  

  

 

 

  3.1     

Pile Size 

(cm) 

 

Cross Section 

(cm2) 

 

Perimeter 

(cm) 

 

Depth 

(m) 

 

 

Safe Load 

(Ton) 

 

 35 

 40 

 50 

 60 

962 

1,257 

1,964 

2,828 

110 

126 

157 

188 

18 – 13 

18 - 25 

18 – 25 

18 – 25 

25 – 35 

40 – 50 

60 – 80 

90 –120 

Dry Process 

Dry Process 

Dry Process 

Dry Process 

 0.80 

 1.20 

 1.50 

 2.00 

5,028 

11,314 

17,678 

31,428 

251 

377 

471 

628 

40 – 44 

44 – 46 

45 – 48 

55 – 61 

325 – 385 

450 – 480 

600 – 640 

1,600 

Wet Process 

Wet Process 

Wet Process  

Wet Process  

 

 

1)     

 Soil Investigation  

2) 
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 (Bracing)  (Column)  

  (Span)   

  

 

 

3.1.2    (Bracing) 

3.1.2.1     (Span)   

 

3.1.2.2  (Cap Beam) 

 3.00   

3.1.2.3   

    

3.1.2.4   

3.1.2.5  

  

3.1.2.6    

 

 

3.1.2.7     

   Covering  

3.1.2.8     

  

3.1.2.9     

 

3.1.2.10   

 

3.1.2.11   2.0 .  4  

3.1.2.12     
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3.1.3    (Column) 

3.1.3.1   

  (Span)  

3.1.3.2      

 

3.1.3.3     

 

3.1.3.4      

 

3.1.3.5   

3.1.3.6    

3.1.3.7  (Covering)  

3.1.3.8  

3.1.3.9  

3.1.3.10        Covering 

 

 

 

3.1.4    (Cap Beam) 

3.1.4.1  (Cap Beam) 

 

3.1.4.2   

3.1.4.3       

 

3.1.4.4  

3.1.4.5     

3.1.4.6    

3.1.4.7    

 

3.1.4.8     

3.1.4.9  

3.1.4.10  Form Tie 
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3.1.4.11     Cap Beam   

3.1.4.12  Covering    

3.1.4.13      

    Dowel   

3.1.4.14        Covering 

    

 

3.2   (Superstructures) 

 Superstructures     (

)     

 

 

 

3.2.1  (Elastomeric Bearing Pad) 

  

  

3.2.1.1    

3.2.1.2    

3.2.1.3   Hardness 

 

 

3.2.2  R.C. Slab Bridge  

3.2.2.1  (Cap Beam)  

 

3.2.2.2  Skew ( )   

 

3.2.2.3    

   

3.2.2.4    
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3.2.2.5    

 

 

3.2.2.6    

 

 

3.2.2.7   

         

  (Water Drip)  

3.2.2.8   

 

3.2.2.9       

 

3.2.2.10  

3.2.2.11    Covering 

  

3.2.2.12  Bar Chair   

3.2.2.13  

 

3.2.2.14   

 

 

3.2.2.15      

      

 

 

3.2.3   

3.2.3.1   

3.2.3.2     

3.2.3.3  
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 4  (Prestressed Concrete Bridge) 
 

  

     

                

      

 

 

4.1  (Substructures) 

4.1.1  (Pile Cap or Footing) 

   3     

4.1.1.1  (Spread Footing) 

  

4.1.1.1.1   

4.1.1.1.2  2.50  

    2.50  

 

 

4.1.1.1.3   Bearing Capacity  10 Ton/m2 

 

4.1.1.1.4   

 

4.1.1.1.5 
  

4.1.1.1.6    .4.2  

4.1.1.1.7   

.4.2  

4.1.1.1.8  2.00 . 

   0.50   
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4.1.1.2  (Driving Pile Footing)  

4.1.1.2.1   

4.1.1.2.2  .   

 50 

   3   

Diesel Hammer    

 

4.1.1.2.3 
  7.50 .   AASHTO  

    

4.1.1.2.4   4.0 

 

   

4.1.1.2.5     

   

 (Hard Driving)  

 1/8”x1½”   

  15 .  1.50 . 

 

4.1.1.2.6  

4.1.1.2.7  

(1)    

(2)  Boring Log   3   

 

(3)   

SPT (Standard Penetration Test)  

    

 

(4) 

  

  3   (Design 

Load)   
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(5) 
   

(6)   

   

(7) 
 Hiley’s Formula  Static Load Test 

   

4.1.1.2.8   

  

(1)  . 

 

  

 

(2)  

(3)      

    

    

 

(4)   4.2  

 . 1   

 

4.1.1.3  (Bored Pile)   

  

    1  

  

 

  (Wet Process) 

   (Support Fluid) 

    

(Bentonite)   
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4.1.1.3.1  

(1)   

(2)  

(3)  (Temporary Casing) 

 

 

(4)  

(5)  

  

  

  

 Shop Drawing  

 7  

 

  

 

 

 

4.1.1.3.2  

(1)  

-  (  3  

 120 )  

 

- 
 

-   

 

- 
 

 

- 
  



 

 

35

- 
  

 

 

 

  

   

 

 

 

(2)  

-  1  

-  15x15x15 . 

 30 MPa. (  300 ./ . .)  28 

  ASTM C39 

-  1  

 375  

- (Slump)  17.5-22.5 . 

-  25 . 

- (Admixture)   

   

  7 

   

 3  3 

  14  

- 
(Initial Setting Time)  4 

 

-  Mixed Design 

 7  

 Mixed Design  
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-  15x15x15 . 

 1  3  3  

 3  

  

 

-  

  

 

 

 

(3)  

-  SD 40  .24  

 

-  SR 24  .20  

 

-  

 

- 
 1007-34  

-  

 

-   (Concrete Covering) 

 7.5  

-  3 

  3  

-   

-   Pile 

Cut-off  40  

 

-  40 
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(4)  (Support Fluid) 

- 

 

-  4.1 

 

- 

  2 

 (

) 

  
 

  4.1   

 20 oc  

 

 

 

 

API RP 13 

Section   

 

 

Density Mud Balance 1   

for Bentonite   Maximum 1.10 g/ml Maximum 1.15 g/ml 

for Polymer   Maximum 1.02 g/ml Maximum 1.02 g/ml 

Fluid Loss (30 minute test) Low Temperature 3   

for Bentonite and Polymer Test  Maximum 30 ml Maximum 40 ml 

Viscosity Marsh Cone Test 2   

for Bentonite   30 – 45 second 30 – 55 second 

for Polymer   40 – 90* second 40 – 90* second 

Shear Strength (10 minute gel) 

for Bentonite only 

Fan Viscosmeter 2 4 – 40  N/m2 4 – 40  N/m2 

Sand Content Sand Screen 4   

for Bentonite   Maximum 3% Maximum 3% 

for Polymer   Maximum 1% Maximum 1% 

pH, during excavation    

for Bentonite  9.5 – 10.8 9.5 – 11.7 

for Polymer 

Electric pH Meter 

or Lismas Paper 

 8.0 – 10.0 8.0 – 11.0 

* or as recommended by manufacturer and approved by Geotechnical Engineer.
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(5)  (Tremie Pipe) 

-      

  

 

-   

 

 

-    

 

 

-  

 

-  

 

-  

 3.0  

 (  

 2  

) 

-  Plug 

 

 

 

4.1.1.3.3  

(1)  1: 100  

(2)  

 7.5   Co-Ordinate 

  (Pile Cut-Off) 
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4.1.1.3.4   

 

(1)  

 

(2)  

  

(3)  

 

(4)  

  

    

  

    

 

 

 

4.1.1.3.5    

 

    

(Shop Drawings)  

   

 

 

4.1.1.3.6  

 

  24   

 

(1)     

(2)  

(3)   

(4)   (Pile Cut-off) 

(5)  (Pile Tip,   Pile Toe) 

(6)    



 

 

40

(7)  

(8)   

(9)  

(10)  

(11)  

(12)   

(13)   

 

(14)  

(15)  

(16)  

 

 

4.1.1.3.7   

 

 24   

 

  6  

 

4.1.1.3.8  

(1)   

 

 

  

(2)  

 

  

 

(3)  
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(4)  

   

 

 

(5)   

 

 

 

 

4.1.1.3.9  

 

  

 

 

 

   

  

 

  

 

  

  

 

 

(1) 
  

   

 

(2)  

 

 Flight Auger  Bucket Type 

  Dry 

Process  Dry Process 
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 21.00 - 22.00  Stiff Clay 

  

  

 (Kelly Bar)   

 (Cleaning)  Cleanout Bucket 

 Bucket  One-Way Flap Gate 

(3)  (Kelly Bar)       

  

  

 4  

 

 Bucket  

 

  

 

(4)  

  Tremie Pipe 

  Tremie Pipe 

 

 4  

 

  

 

 

(5)         

 Tremie Pipe  Plug 

 (Plug   

 ) 

  Plug 
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 3   

  

 

(6)  

 

  

  

 

 

 

(7)   

  

 

 

 

(8)  

 

 6  

  24 

 

(9)  

  

 

 

(10)  
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(11)   

  

 

(12)  

 1    

 5   

 

  4.2     

Pile Size 

(cm) 

 

Cross Section 

(cm2) 

 

Perimeter 

(cm) 

 

Depth 

(m) 

 

 

Safe Load 

(Ton) 

 

 35 

 40 

 50 

 60 

962 

1,257 

1,964 

2,828 

110 

126 

157 

188 

18 – 13 

18 - 25 

18 – 25 

18 – 25 

25 – 35 

40 – 50 

60 – 80 

90 –120 

Dry Process 

Dry Process 

Dry Process 

Dry Process 

 0.80 

 1.20 

 1.50 

 2.00 

5,028 

11,314 

17,678 

31,428 

251 

377 

471 

628 

40 – 44 

44 – 46 

45 – 48 

55 – 61 

325 – 385 

450 – 480 

600 – 640 

1,600 

Wet Process 

Wet Process 

Wet Process  

Wet Process  

 

 

1)     

 Soil Investigation  

2) 
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 (Bracing)  (Column)  

  (Span)   

  

 

 

4.1.2    (Bracing) 

4.1.2.1      (Span)    

    

4.1.2.2   

4.1.2.3    

 75 .  

 

4.1.2.4 
 

4.1.2.5  

  

4.1.2.6     

  

  

  

4.1.2.7      Covering  

 

4.1.2.8      

  

4.1.2.9    

 

4.1.2.10   

 

4.1.2.11      2.0 .  

4.1.2.12     
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4.1.3  (Column) 

  (Span) 

 

 

4.1.3.1    

 (Span)     

4.1.3.2      

 

4.1.3.3                

 

4.1.3.4      

 

4.1.3.5   

4.1.3.6    

4.1.3.7  (Covering)   

4.1.3.8  

4.1.3.9  

4.1.3.10                 Covering   

   

 

4.2   (Superstructures) 

      

 ( )     

  

 

4.2.1    (Bearing Pad) 

  

  

4.2.1.1   

     BS,   ASTM   
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AASHTO  

 

4.2.1.2  (General Test)   

1      

4.2.1.3  (Control Test)  

 1    3     

4.2.1.4  (Quick Production Test)  

    

4.2.1.5  Code   

 

4.2.1.6     

  Non-Shrink Mortar  

 

4.2.2  (Prestressed Concrete Girder) 

         

        

 

    

 (Prestressing Force)  (Stress) 

 

 

 

  

 

 2   

4.2.2.1      (Pre–Tensioned  Method) 

4.2.2.2    (Post–Tensioned  Method) 

 

 

1)       

 Half  Joint    Full  Joint 

2)   (Pre-Tensioned)  

  (Post-Tensioned)   
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3)      

4)  (Elongation)   

 

4.2.2.1  (Pre-Tensioned) 

  

 

 (Bed)   

  5.0 - 25.0  

 

 

1)  (Prestressed Concrete Girder) 

2)  (Bed)   

3)         

 

4)            (Tendon)  

 

5)   

 

6)   Elongation    

 

7)   (Concrete  Mixed Design)    

    

 

  

1)   (Debond)  

2)   Covering  

3)  (Pre-Load)  

  

     

4)   

 

5)  

6)     
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7)  (Slump Test)  

   

8)  (Vibrator)  

9)        

    

10)  

  

11)   

   

12)   

  

 

13)   

 

 

4.2.2.2  (Post-Tensioned) 

      

    

 25.0   

      

 

 

 

1)   

  

2) (Anchor)  

 

3)     (Sheath) 

 

4)  2 

 

5)   
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6)   

 

7)  

 

8)   

 

9)  (Grouting)  

10)   

 

11)  

12)   50 .  17  

13)  (Viscosity)  13   

14)  10  

15)  5 Bar. 

16)  

 100    50  . 

17)  

 

 

  (Coupler) 

1)     

90 %   

    

    100 %  

 

2) 
 95%    

 

3)     

 

4)  (Reputed  

loading)    
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    (Corrosion) 

 

5)   

  60% - 66% - 60%    

500,000      40% - 80% - 40%  

 50  
 

  (Sheath)   

1)   

 

   

2)   

 6.0 

 

3)     

  2  

 
 

 

  

      

   

 

 
 

  (Grouting)   

   

   

 

1)      

.15 

2)      
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3)   

  ASTM    C 144    

  

4)     

   ASTM C  494  

 

 

 

1)    

2)      

3)   

 

4)     

  0.45 

5)   

 

 

 

1) 
  

   

2)     

      5  .  

  55  ./ . . 

3)       

 

4)     ( ) 

5)     32   

 

 

1)  Jack  2   Preload  5 MPa  

  

2)  Jack    2   
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3)  5 MPa   5 MPa   2  

 

4)  

5)  Jack    2   

6)   

7)  (Calibrate)      

 (Load Cell)  

8)   

  

 5   

9)  (Pre-Tensioned)   

      

   

10)     

   

11)     

 2   

  (Load Failure)  

 

 

1)     

    

    

 

2) 
  d   4.3 

 

 4.3  

  

h   

  400     (h/40)    20  

  400     10    20  
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1)   

  4   

    3      

  3/4    

    

 

2)   

    

 
 

 

(1)     

   4.4  

( ) 

(2)     

  1.59 fc’  

   4.4   50 
 

 4.4    

   

 ( ) 

.  

.   

                      

.  

                     

                  

                  

       (Shell)   

                  16   

                 

75 

38 

 

25 

 

38 

20 

25 

10 

 

  20   
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1)     Bearing  Support   

2)   (Span)  

 

3)  

4)    

5) 
 

6)   Cantilever  Deck  

 
 

4.2.3   (Cantilever Deck) 

  

   

(Solid Type)  (Hollow Type) 

 (Shop Drawings)  

     (Finished Grade) 

 (Coordinate)   

  

  (Post Tensioned Cantilever Deck) 

     
 

4.2.3.1   (Solid Type)  

  (Solid Type)  

   
 

 

1) 
 

2)  

3)    (Ready Mixed Concrete) 

 Calibrate  

 Concrete Pump  



 

 

56

Mixed Design  

 

4)       

 

5)  (Gradation)  (Abrasion) 

     

6)  

7)    

8)       

  

9)        

10)    

11)   (Post Tensioned Cantilever Deck) 

  (Anchor)  

 

12)     

  

13)  (Covering)  

 (Bar Chair)   

14)    

 

15)      Dowel  

   

16)       

17)   (Slump Test)  

18)  

 
 

 

1)  

2)  (Mixed Design)  

3)   (Mixing Time)  

4)  45     
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5)   

 2.00   

6)  (Slump Test) 

 

7)    (Compaction)  

  (Initial Setting Time)  

8)   (Post Tensioned Cantilever Deck) 

      

 

9)    

 

10)    

 

11)   

  3  

  

12)    

13)   

14)  

15)   

 
 

 

1)   

-   2  

-   14  

-  

  28  

2) 
 

3)   

 

4)   (Post Tensioned Cantilever Deck) 
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5)   

  

 
 

4.2.3.2   (Hollow Type)  

  (Hollow Type)  

   (Crosshead) 

 (Bottom Slab)  (Web)  (Diaphragm)  (Top Slab) 
 

 

1)  

2)   

3)    (Ready Mixed Concrete) 

 Calibrate  

 Concrete Pump  

Mixed Design  

 

4)       

 

5)  (Gradation)  (Abrasion) 

     

6)  

7)    

8)  (Bottom slab)  

9)       

  

10)        

11)    

12)   (Post Tensioned Cantilever Deck) 

  (Anchor)  
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13)     

  

14)  (Covering)  

 (Bar Chair)   

15)    

 

16)      Dowel  

   

17)       

18)   (Slump Test)  

19)  

 
 

 

1)  

2)  (Mixed Design)  

3)   (Mixing Time)  

4)  45  

 

5)   

 2.00   

6)  (Slump Test) 

 

7)    (Compaction)  

  (Initial Setting Time) 

8)   (Post Tensioned Cantilever Deck) 

  

 

9)    

 

10)   (Crosshead)  (Web)  

(Diaphragm)    
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11)   

  3  

  

12)    

13)    

14)  

15)   

 
 

 

1)   

-   2  

-   14  

-  

  28  

2) 
 

3)   

  

4)  (Bottom Slab)  

5)  (Post Tensioned Cantilever Deck) 

  

 

  

 

6)  
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4.2.4   Segment 

 Box–Girder, I–Girder  Multi–

Beam  Segment  

(Casting Mould)   (Bulkhead) 

       Short Line 

Match Casting Method  
 

1)   (Shop Drawings) 

 (Calculation Sheets)  (Supplier) 

 (Specification) 

  

2)      Shop 

Drawings  Segment   

Rebar Jig         

 Segment  Rebar Jig   

Tower Crane 

3)       

Post Tensioning System  

4)  (Bottom Form)   

Short Line Match Casting Method    Segment  

  Segment 

 Segment   

5)  New Segment  Match Cast  

   Old Segment  New 

Segment   (Bottom Form)   Jack 4  

    Bottom 

Form   Center Line  

 1  

6)   Match Cast  Segment   New 

Segment  Match Cast  

 Center Line  Match Cast Segment   

   (Pin Point Survey)  Deck Slab  6   

 6   Deck Slab  
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7)   0.1   

8)    Hydraulic Jack  

    Segment 

   Center  Line       

0.50   

9)     (Bulkhead) 

(Bulkhead)   

Wet Segment    

 

10)  (External Form  Side Form) 

   New  Segment 

   Match Cast   

 External Form  Match Cast (New 

Segment)  10 Cm.  Match Cast (New Segment) 

   

  External Form   

  

11)  (Inner Form) 

-     Segment     Inner Form 

 Tower Crane   Inner Form 

 Match Cast (New Segment)   

  Inner Form  

Hydraulic Jack  Inner Form    New Segment 

 Inner Form    

 (  30  4-5 ) 

 

 

 Bottom Slab 

 Web   

1)  Web   Bottom Slab 

  Web  Bottom Slab  1 

  2  

    Bottom Slab   
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 Web  

  Web  1   Web    

2)  1  Web  Web 

 2 

3)    Web  2    

 Web  2  
 

  (Erection) 

1)  Pot Bearing   Column  2  Bearing 

 Fix  Free  Block out 

   Grout  Bearing 

 Pre-Set  

2)  Pier Segment  Hydraulic jacks  4  Pier bracket  

 4  Column  Jacks  Column   Pot 

bearings   Crane  Pier Segment  Jacks  Pier  bracket 

 Pier Segment   25 mm. 

 

3)  Tie down bars   32 

mm.  45  Hydraulic jacks  4  Column   

Jacks  Segment    Lock   Safety ring 
 

4.2.5  (Deck  Slab) 

 Deck Slab 

  Span  (Continuous Deck Slab) 

 Link Slab  Span (Simple Span)  Simple Deck Slab 

  (Cross Beam) 

       

    

 
 

 

  (Precast Form)   

   

   



 

 

64

 

1)  

 Precast Form  

 Precast Form  750  kg./m2 

  

2)  Precast Form  Precast Form 

  7.5 cm.  Mortar 

 

3)  Precast Form 

 Mortar 

 

4)  

Precast Form  Mortar  Precast Form 

 Grade line  

 

   

    

   (Shoring)   

   

      

   

 

  

  5"  

  1" x 6"    5"    1" x 3"  

  1" x 6"  

    1" x 4"    1" x 4"  

  4     
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1)      

 

2)     

3)  Covering 

  Covering  

  Covering  Covering 

 
 

 

1) 
  Span  

      

 

2)    (Camber) 

  Dead  load    

  ( )  

  Traffic  

Direction    (Spacing)    Traffic  

Direction  

   (Bar  Chair)    

 

3)  

4)  

5)   Bolt   Nut 

 

6)     

 

7)    

 

8)  

9)  

10)  
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1)   Traffic  Direction  

  Grade    

Grade      ( )  ( )   Traffic  

Direction    Span    

 

2)   (Slump)  

 

3)  

4)     (

  Concrete  Pavement)    Traffic  

Direction    

  

5)   Non-Shrink Concrete 
 

 

1)  

   1.5 – 2.0  

 

 

2) 
   

3)  

4)  

5)  

6) 
  -   

 
 

4.2.6    (Expansion Joint) 
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1)    

2)         Expansion  Joint  

   

3)  
 

   

1)  Block Out Concrete 

 Expansion Joint   

2)  Block Out Concrete    

3)  ( )  

  Block  Out  Concrete 

4)   Block  Out  

5)   Block  Out    

 

6)  

7)   Joint    Setting  Rulers  

  Joint   

8)   

 

9)  (Compaction)  

10)    

11)   Expansion  Joint  

  80%    28    

 Pure tar 

12)   Expansion   Joint   
 

 

1)  Joint   
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2)  U 

   

3)   Block  Out    Joint     Non  

Shrink  Concrete    Joint  

 Joint   Joint    

 

4)   Block  Out   (Epoxy Bonding) 

  

  2     Block Out 

 

5)   Joint 

6)  Joint  Joint   

    

 

7)  

 Expansion Joint  

  

  Block Out  

 Expansion Joint  
 

4.2.7     

1)   

2)     

3)    
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 5   (Underpass) 
 

  

 (Overpass)  (Interchange)  

   

 (Underpass)   

   

 (Open Cut)  

   Diaphragm Wall, 

Tangent Pile Wall  Secant Pile Wall  

 (Retaining  Wall)  

  (Retaining  Wall) 

   (Bottom Slab) 

     

 

 

5.1  

5.1.1  

    (Clearance)   

5.1.1.1  (Boring log)   

5.1.1.2 (Guide Wall)  k 

 1:200  15 .  

 

5.1.1.3  (Diaphragm Wall) 

5.1.1.4   

5.1.1.5  

5.1.2  (Drilling Fluid  Support Fluid) 

5.1.2.1    

5.1.2.2     

 

5.1.3  

5.1.3.1  
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5.1.3.2  (Diaphragm Wall) 

  1:120  

 

5.2  

5.2.1  Cable hang Grab  (    5.1) 

5.2.2  (Desander Unit) (   

5.2) 

5.2.3   (  5.3) 

5.2.4  8" 

  (  5.4) 

5.2.5   4" 

 (   5.5) 

5.2.6.  (Crawler Crane)  (   5.6) 

5.2.7   2.5 

  (  5.7) 

5.2.8   (   5.8) 

5.2.9  (Stop End Plates)  

  (  5.9) 

5.2.10  (Tremie Pipe)    (   5.10) 

5.2.11  (Water Stop)  (   5.11)   

5.2.12  Backhoe  

5.2.13    

5.2.14  Grader   
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 5.1   Cable Hang Grab 

 

     
  5.2   (Desander Unit) 

 

 

    
  5.3   
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  5.4   8" 

 

 

 

     
  5.5    4" 

 

 

 

    
 5.6   (Crawler Crane) 
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  5.7    5.8   

     

  
  5.9  (Stop End Plates)   5.10  (Tremie Pipe) 

 

 
  5.11   (Water Stop) 
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5.3  (Open  Cut) 

 

5.3.1   

  

    

 

5.3.2   Guide  Wall    1.00    

  0.30 - 0.50    

    Diaphragm  Wall  

  10        

Diaphragm  Wall    (Panel)    6.5    

    

  Primary  Panel, Secondary  Panel, Closure Panel  

   

  

 

5.3.3  Diaphragm  Wall   Diaphragm  Wall  

  (Hydraulic  Grab  Machine)    Boom  

      Grab    

  

  Guide  Wall  

     

    Panel  

  Water  Stop    Stop  End   

 

5.3.4  

5.3.4.1     

 Guide  Wall     

Meter    

    6    

  Panel  2  Meter  
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5.3.4.2  Diaphragm Wall 

 Panel 

 Panel 

 (Desander)    

  Viscosity,  Density,  Sand  Content   PH  

   

  

 Recycle  

  

 

 

5.3.5  

5.3.5.1     

 Panel    Panel 

   Clamp   

  

    Covering   

5.3.5.2  Diaphragm Wall  Coupler

 Diaphragm  Wall  

  Block  Out  

  Coupler  

 

 

5.3.6    

   Cement    400 ./ .3  

 40 MPa  0.50   

Slump  20   Slump 

  

          3  

  

 Panel  
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5.3.7  

 Tremie 

  

 Slump   Tremie Pipe  

10"   Plug  (Segregation) 

  Slurry   

 Tremie Pipe  Plug 

 

  Plug 

  Slurry  

 Tremie Pipe   

 2.0   Slurry 

 Panel 

 Panel  1  

 
 

5.3.8   (Base Slab)   

     

  Profile  

  

   

 
 

5.3.9   Base  Slab  

5.3.9.1   Guide  Wall   

5.3.9.2   Waling  Beam    Diaphragm  Wall  Block Out  

  Finishing       2     

5.3.9.3  Diaphragm  Wall 

 

Diaphragm  Wall   Bracing   

(  2.5 - 3.0 )  

 (King  Post)  Bracing  Buckling  
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Bracing  (Plat Form) 

 (King  Post)  

5.3.9.4  Base Slab 

 Base Slab  
 

5.3.10  Bracing  Base  

Slab  Bracing 

  Base Slab  Block Out  

(King Post)   Base Slab  

Block Out   Water Stop 

 Block Out  Base Slab 

 
 

5.3.11  (Finishing)   

  Diaphragm Wall  

 

5.3.11.1  

5.3.11.2   Diaphragm Wall  Epoxy 

 

5.3.11.3  Dowel  Finishing 

 20   

5.3.11.4  Finishing  Block Out  Welding Beam 

5.3.11.5  
 

5.4  

5.4.1   

5.4.2 

  

 

5.4.3   

 

 

5.4.4 
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5.4.5  (Shop Drawings)  

5.4.6  

      

5.4.7      

   

 

5.4.8    (Guide Wall)  

 

5.5  

5.5.1  (Guide Wall)  1.00  

 0.3-0.50    

(Diaphragm Wall)  25 - 50 .  

 1:200  15  .  3  

 
  5.12   Guide Wall 

 

5.5.2  (Guide  Wall)  (Diaphragm Wall) 

  

   

 

5.5.3  Meter 

  6       Panel   

5.5.4      

 

0.90 

1.00 
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  5.13   Diaphragm Walls 

 

 

 
 

 
  5.14   Stop End Plates 
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5.5.5  (Stop End Plate) 

 (Water Stop)  

   

5.5.6    

 

5.5.7  Tremie  

(Segregation)   Slump  

 

 Tremie   1   

  

 (Cut-Off)  1.00   

 Cut off  

5.5.8  

 (Guide Wall)  (Cap Beam)   

5.5.9  (Base Slab) 

 

5.5.10  (Base Slab) 

 (Diaphragm Wall)  10 

 3   20  

 3   6  25   6  

 

5.5.11 

 (Shop Drawings)  (Base Slab) 

 

 

5.5.12        (Lean  

Concrete)  

5.5.13  (Base  Slab)  (Retaining  Wall) 

 

5.5.14   
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5.5.15  

5.5.16  

5.5.17    

5.5.18  (Shop  Drawings) 

5.5.19    (Covering)  

 

5.5.20  2     1:200 

   15  

  

5.5.21    

5.5.22   

 

5.5.23     

 Key   (Water Stop) 

 

5.5.24    0.50  

   

5.5.25   2.00  

 

5.5.26 

 

5.5.27 

 

5.5.28     

 

5.5.29  (Finishing) 

 

5.5.30     
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  5.15   
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 6  (Bridge Approach Structure) 
  

 (Bridge Approach Structure) 

  

  Bridge Approach Structure 

 Bridge Approach Structure 

  

 

 

6.1   Bridge Approach Structure 

6.1.1  (Substructure)     

6.1.1.1   (Driving Pile)  (Bored Pile) 

 

 

6.1.1.2  (Ground Beam)  (Pile Cap)  . 

  Bridge Approach Structure  

  

 

6.1.1.3  (Column)  Bridge Approach Structure 

 

 

6.1.1.4  (Wall)  

  

6.1.1.5  (Upper Beam)  .   

 (Superstructure ) 

 

 

6.1.2  (Superstructure) 

6.1.2.1  (Topping Slab)  
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6.2  

-   

   

-   

   

 Bridge Approach Structure  

 

 

6.2.1  (Substructure) 
 

6.2.1.1   (Driving Pile) 

 

  

(Driving Pile)  

 

(1)    

 

(2)   

 

(3) 
 

(4)  

(5)  

(6)  

 

(7)   2 

 

(8) 
 

(9)  0.50   

(10)  2 

 

(11)  2  
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(12)   

 

(13)    

 

(14)   

 

  

(15)   

 

 5   3  

 

(16)  

(17)  .1 

 .4.2  

(18)  Bridge Approach Structure 

  

 

  

 

 

 

 

6.2.1.2   (Bored Pile)   

  

 1   
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6.2.1.2.1  (Wet Process)  

    

  

 (Bentonite)   

 

 

(1)  

(2)    

(3) 
 

 

(1)  

(2)  Drilling liquid  Drilling liquid 

 

(3)  (Drill Hole 

Monitoring)   

(4)  

 

(5)      

 

 

(6)   

  

(1)  

(2)   

 

(3)   

(4)   

20-30 .   

(5)  

(6)  
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(7)   2.00 

 

(8)  

 

6.2.1.2.2  (Dry Process) 

 

    

 

 

(1)  

(2)    

(3) 
 

(4)  

  (Steel Casing) 

  (Auger Type)  

 

(1)  

(2)    

 

(3)   

(4)  (

)   

(5)  

 

(6)   

 

(1)  

(2)  

(3)  

 

(4)  
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(5)  

 

(6)  

(7)  

 

 

6.2.1.3  (Ground Beam)   (Pile Cap)  

 .   Bridge Approach Structure 

  

 (Pile Cap) 

 

 

(1)    (Ready Mixed 

Concrete)  Calibrate  

 Concrete Pump 

 Mixed Design 

  

(2)     

   

(3) (Gradation) (Abrasion) 

      

(4)       

   

(5)  

(6)        

(7)   

 

(8)     

  

(9)   (Covering) 

 (Bar Chair)  
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(10)      Dowel  

 

(11)      

 

(12)   (Slump 

Test)  

(13)  

 

 

(1)  

(2)  (Mixed Design)  

(3)    (Mixing Time)  

 

(4)  45  

 

(5)   

 2.00   

(6) (Slump Test)  

 

(7)    (Compaction) 

   (Initial Setting 

Time) 

(8)   

  

(9)   

  3  

  

(10)   

 

(11)  

(12)   
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(1)   

-    2  

-    14  

-   

    

 28  

(2) 
 

(3)   

 

(4)   7  

  70% 

  (Water Cement 

Ratio, W/C)  0.40 

 
 

6.2.1.4   (Column) 

 

 

 

(1)    (Ready Mixed 

Concrete)  Calibrate  

 Concrete Pump 

 Mixed Design 

  

(2)     

   

(3) (Gradation) (Abrasion) 

      

(4)      

   

(5)  
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(6)        

(7)   

 

(8)     

  

(9)  (Covering) 

  

(10)      Dowel  

 

(11)      

 

(12)   (Slump 

Test)  

(13)  

 

 

(1)  

(2)  (Mixed Design)  

(3)   (Mixing Time) 

 

(4)  45  

 

(5)   

 2.00   

(6)  (Slump Test) 

 

(7)    (Compaction) 

   (Initial Setting 

Time) 

(8)   
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(9)   

  3  

  

(10)   

 

(11)  

(12)   

 

 

(1)   

-   2  

-  

    

28  

(2) 
 

(3)   

 

(4)   7  

  70% 

  (Water Cement 

Ratio, W/C)  0.40 

 
 

6.2.1.5  (Wall) 

        

     

        

 

 

(1)    (Ready Mixed 

Concrete)  Calibrate  

 Concrete Pump  
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 Mixed Design 

  

(2)     

   

(3) (Gradation) (Abrasion) 

      

(4)        

   

(5)  

(6)        

(7)   

 

(8)     

  

(9)  (Covering) 

  

(10)      Dowel  

 

(11)      

 

(12)   (Slump 

Test)  

(13)  

 

 

(1)  

(2)  (Mixed Design)  

(3)   (Mixing Time) 

 

(4)  45  

 

(5)   

 2.00   
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(6)  (Slump Test) 

 

(7)    (Compaction) 

   (Initial Setting 

Time) 

(8)   

  

(9)   

  3  

  

(10)   

 

(11)  

(12)   

 

 

(1)   

-   2  

-  

    

 28  

(2) 
 

(3)   

 

(4)   7  

  70% 

  (Water Cement 

Ratio, W/C)  0.40 
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6.2.1.6   (Upper Beam) 

   

 

 

(1)    (Ready Mixed 

Concrete)  Calibrate  

 Concrete Pump 

 Mixed Design 

  

(2)     

   

(3) (Gradation) (Abrasion) 

      

(4)      

   

(5)  

(6)        

(7)   

 

(8)     

  

(9)  (Covering) 

  

(10)      Dowel  

 

(11)      

 

(12)   (Slump 

Test)  

(13)  
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(1)  

(2)  (Mixed Design)  

(3)  (Mixing Time)  

 

(4)  45  

 

(5)   

 2.00   

(6) (Slump Test)  

 

(7)    (Compaction) 

   (Initial Setting 

Time) 

(8)   

  

(9)   

  3  

  

(10)   

 

(11)  

(12)   

 

 

(1)   

-   2  

-   14  

-  

     

28  

(2) 
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(3)   

 

(4)   7  

  70% 

  (Water Cement 

Ratio, W/C)  0.40 

 
 

6.2.2  (Superstructure)     

 Superstructure    (Joint)  

   

6.2.2.1  (Slab)  

 

          

   

   

 

6.2.2.2       

 

 

6.2.2.3  (Joint) 

6.2.2.3.1  

6.2.2.3.2     

 

6.2.2.3.3 

    
 

6.3  

6.3.1 :  Bridge  Approach Structure  

 

 :  
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 Abutment 

 

 Bridge Approach Structure 

 (Profile)   
 

6.3.2 :  Topping Slab  

  

  : 

 

(1)  (    Sheet Pile) 

     

(2)    

Bracing   

(3)    

   

  
 

6.3.3 :  

    

   

 :  

   

 

 

    

 (Profile)   

    Bridge Approach   
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 7  Bearing Unit 
 

 Bridge Approach Structure  (Abutment)  

 Bearing Unit     

Bearing  Unit  2      2.00    

 Bearing  Unit   

  Bearing  Unit   (Toe  Slope)   Bearing  Unit 

 

7.1  

7.1.1        

7.1.2   Bearing 

Unit        

  

  

   

 

7.1.3  

7.1.4  

7.1.5  

7.1.6   

7.1.7  

 

7.1.8  

7.1.9  

7.1.10  

7.1.11     2   

7.1.12   2   

7.1.13       

   

 

7.1.14  
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7.1.15   .1  

  .4.2   

 

7.2  

7.2.1   

 

7.2.2   

7.2.3     (Covering) 

7.2.4   

7.2.5  

 

7.3  

7.3.1  

7.3.2  

 

7.4   

   

     Bridge Approach 

   

 

 

7.4.1  

7.4.1.1    

 Calibrate  

 

7.4.1.2  

7.4.1.3      

 

7.4.1.4  (Gradation)    

 

7.4.1.5  
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7.4.1.6  

7.4.1.7   Form Tie 

 

7.4.1.8  

7.4.1.9  

7.4.1.10  

7.4.1.11  

7.4.1.12     

7.4.1.13    

  

7.4.1.14  Covering  

7.4.1.15  

7.4.1.16     

 Dowel   

7.4.1.17      

 

7.4.1.18  

7.4.1.19   (Slump Test) 

 

7.4.1.20  

 

7.4.1.21  
 

7.4.2  

7.4.2.1  (Mixed Design)  

7.4.2.2   (Mixing Time) 

 2  

7.4.2.3  30   

 45   

7.4.2.4   

 Concrete Pump  (Mixed Design) 
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7.4.2.5  2.00  

   

7.4.2.6  (Slump) 

 

7.4.2.7  ( )  

 

7.4.2.8  

7.4.2.9   

7.4.2.10  

7.4.2.11 
   3  

  

7.4.2.12  

7.4.2.13   

7.4.2.14  

 

7.4.3   

7.4.3.1 

 

7.4.3.2  2  

7.4.3.3  

7.4.3.4  

 

7.4.3.5 
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  8    

(Reinforced Earth Wall) 
 

  (Approach Structure) 

   

    

   Reinforced Earth Wall  Mechanically 

Stabilized Earth Wall  Retained Earth Wall  

  (Flexible Structure) 

 

8.1  

8.1.1  (Shop Drawings)  

(Calculation Sheets)  (Supplier)  (Specification) 

 

 

8.1.2   10%  

  

 Profile Grade  

8.1.3  

8.1.4    

8.1.5   Abutment  

  Approach Slab     Concrete Barrier  

    

8.1.6    

8.1.7   

8.1.8  (Bearing Capacity) 
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8.2  

 

8.2.1  

8.2.1.1    (Ready Mixed 

Concrete)  Calibrate  

 Concrete Pump 

 Mixed Design 

  

8.2.1.2      

  

8.2.1.3 (Gradation) (Abrasion) 

      

8.2.1.4      

   

8.2.1.5  

8.2.1.6        

8.2.1.7   

 

8.2.1.8     

  

8.2.1.9  (Covering)  

(Bar Chair)   

8.2.1.10          Dowel     

 

8.2.1.11  

   

8.2.1.12   

8.2.1.13       

8.2.1.14   (Slump Test) 

 

8.2.1.15  
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8.2.2  

8.2.2.1  

8.2.2.2  (Mixed Design)  

8.2.2.3    (Mixing Time)  

 

8.2.2.4  45  

 

8.2.2.5   

 2.00   

8.2.2.6 (Slump Test)  

 

8.2.2.7    (Compaction)  

  (Initial Setting Time) 

8.2.2.8    

8.2.2.9   

8.2.2.10   

8.2.2.11  

8.2.2.12   

 

8.2.3  

8.2.3.1   

 

  28  

8.2.3.2   

 

8.2.3.3 

 

8.2.3.4  
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8.3  

8.3.1  Abutment   

8.3.2     

8.3.3   

 

8.3.4   

 

8.3.5   

 

8.3.6   

8.3.7    

  

  5 .  

8.3.8  (Joint Pad) 

  2  

8.3.9   

8.3.10  (Geotextile)  

 Abutment  

8.3.11     

 

  (Anchor) 

8.3.12   (Anchor)  

 

8.3.13   
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  9   (Miscellaneous) 
 

9.1  

   

 

 

 

9.2  

       

    

    

 1 : 1             

      

 

 

 

9.3  

9.3.1   .4.2    

  .4.2   

9.3.2  

9.3.2.1  

9.3.2.2  

9.3.2.3  

9.3.3     .4.2   

9.3.3.1  .4.2         

 1  

9.3.3.2    

 

9.3.3.3     

 

9.3.3.4    
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9.3.3.5  

 

9.3.3.6  .4.2  3     1  

  1   1  

 

 :   2  

 

9.3.4  

  

9.3.5  (Diary)  

  

9.3.5.1  

9.3.5.2                 

9.3.5.3  

9.3.5.4  

9.3.5.5   ( ) 

9.3.5.6    

 

 :      
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9.4  

9.4.1        

  3      

            

 

9.4.2     

      

  

 

9.4.3    

   

 

9.4.3.1 
   

   

 

9.4.3.2 
  

  

  

 

  

 

 

: 

(1)    1 

 4   20.00   
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(2)    

 28   

(  ) 

(3)  

     

  

(4)  

 

 

 ( ) 

 7   
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 10  (R.C. Box Culvert) 
 

 (R.C. Box Culvert)  . 

  (Drainage Structure)    

.   (Permanent  Structure)  . 

       

 

 

 

  

 

 

 . (R.C. Box Culvert)    2   

(1)  (Cast In-Place  Cast In-Situ)  (Single Cell) 

 (Multiple Cells) 

(2)  (Pre-Cast Box Culvert)  

 .  

 

 (STANDARD DRAWINGS, 1994)   

   

(1)  (Cast In-Place) 

- Rigid Frame R.C. Box Culverts  Single Box  Multiple Boxes  

(Clear Span x Clear Depth)  2.10 . x 1.80 .  3.60 . x 3.60 . 

   0   15 . 

- Simple Span RC. Box Culverts  Single Box  Multiple Boxes  

0.60 . x 0.60 .  1.80 . x 1.80 .  0  2.25 . 

(2)  (Pre-Cast Box Culvert)  

 .  2    0.60 . 

 0.60 .  5.50 .  1.20 . x 1.20 .  

2.40 . x 2.40 .  .  

(3)  . 
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-  

  (Soil Aggregate)  

  

  

 100   :  :  

 1 : 3 : 6  

-    

 

 

10.1  

 .  

10.1.1          

10.1.2      

     

  

 

 

10.2   (Cast In-Place)   

10.2.1  (Bedding)  

10.2.1.1  

10.2.1.2 

 (Back Fill) 

   

  

 

10.2.1.3   

  (Back Fill) 
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10.2.1.4 

 

10.2.1.5 

 (Inlet)  (Outlet) 

  

10.2.1.6  (Skew)  

 

10.2.1.7  

1:3:6   10 .  

10.2.1.8 

  
 

10.2.2  

10.2.2.1   (Ready Mixed Concrete) 

 Calibrate  

   Mixed Design 

  

10.2.2.2     

   

10.2.2.3  (Gradation)   (Abrasion)  

     

10.2.2.4       

      

10.2.2.5  

10.2.2.6        

   

10.2.2.7  (Covering)  

 (Bar Chair)  

10.2.2.8   Dowel   

10.2.2.9 ,  

 

10.2.2.10   (Slump Test) 
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10.2.2.11 

 

 

10.2.3  

10.2.3.1  

10.2.3.2   

10.2.3.3  (Ready Mixed Concrete) 

  45  

 

10.2.3.4 
 

 2.00  

10.2.3.5  (Slump)

 

10.2.3.6  (Vibrator) 

 

10.2.3.7   

10.2.3.8 
  3  

 

 

10.2.3.9  Dowel   

 

10.2.3.10  

10.2.3.11    

10.2.3.11.1   2  

10.2.3.11.2   14  

10.2.3.11.3  

  28   
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10.2.3.12 

 

10.2.3.13  

 

10.2.3.14 
 

10.2.3.15  

 

10.2.3.16   15 .  

 Mechanical Tamper Vibratory Compactor  

 

10.2.3.17   

   (Final Clean–Up) 

 

10.3  (Pre-Cast Box Culvert)   

10.3.1   

10.3.1.1     

 Box Culvert 

10.3.1.2   
 

10.3.2  

10.3.2.1    (Ready Mixed Concrete)  

 Calibrate  

    Mixed Design 

   

10.3.2.2     

   

10.3.2.3  (Gradation)   (Abrasion)  

      

10.3.2.4       
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10.3.2.5   

10.3.2.6        

   

10.3.2.7  Covering   

10.3.2.8    Dowel   

 

10.3.2.9  Box Culvert  Dowel 

 40  

 

10.3.2.10  

 

10.3.2.11   (Slump Test) 

 
 

10.3.3  

10.3.3.1  

10.3.3.2  

  

 

10.3.3.3    

 

10.3.3.4  

  

10.3.3.5 
    

 

10.3.3.6    
 

10.3.4  (Bedding)  

10.3.4.1  

1:3:6   12 . 
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10.3.4.2  3 .  

   Box Culvert  

Cement Mortar   1:2  ( )  

 

 Box Culvert   
 

10.3.5   

10.3.5.1   

  

10.3.5.2  

  

10.3.5.3 
  

10.3.5.4  (

)    Dowel  

 

10.3.5.5  2   

  Dowel   

10.3.5.6  (Joint Sealer)  

Cement Mortar  

10.3.5.7  

10.3.5.8   15 

   Mechanical Tamper Vibratory Compactor  

 

10.3.5.9   

 (Final Clean–Up) 

 
 

10.4  (Soft Clay) 

 (Soft  Clay)  

  (R.C. Pipe Culvert)  
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 10.1  

 

 

 10.1   

 (Stiff)    

  Beam Strength   

Flexural   Strength    

   Corrugated Steel Pipe  

(Monolithic Construction)   .  
 

     (  

Preloading  

)    

 .   Stiffness    

    

   
 

   

    -      . 

      

  ( )    

  Friction Piles    

    ( )  

   . ( )   
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 11  (R.C. Pipe Culvert) 
 

 (R.C. Pipe Culvert)   . 

  (Drainage Structure)  

 .   .     

 

 
 

11.1  (Soil-Culvert Interactions)  

 Rigid Culvert  

 (Soil-Culvert Interactions)    Rigid Culvert  
 

11.1.1  (Rigid Culvert in Trench, Unyielding Foundation) 

   Crown Deflection   Rigid Culvert  

 Frictional Resistance   

  Rigid Type    Flexible Type 
 

 

 

 

 
 

 

 

 

 

 

 

 11.1  

(Rigid Culvert in Trench, Unyielding Foundation) 

 

11.1.2  (Rigid Culvert in Trench, Yielding Foundation) 

 Rigid Culvert  Settlement  Yielding Foundation  

Frictional Resistance      Backfill     

 Rigid Culvert In Trench, Unyielding Foundation 

 Flexible Culvert in Trench, Unyielding Foundation  Crown Deflection  

 Crown Settlement  

Roadway Surface 

No Bottom Settlement 

Ba
ck

fil
l 

No Crown Deflection 
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 11.2  

(Rigid Culvert in Trench, Yielding Foundation) 

 

 

11.1.3   

 (Rigid Culvert under Embankment, Unyielding Foundation) 

 Mechanics 

 Crown Deflection  Rigid Culvert  Bottom Settlement  Unyielding  

Foundation      

 

 

 

 

 

 

 

 

 

 

 

 11.3  

(Rigid Culvert under Embankment, Unyielding Foundation) 

 

Crown Settlement 

Roadway Surface 

Bottom Settlement 
Ba

ck
fil

l 

equal to 

No Crown Deflection 

Roadway Surface 

No Bottom Settlement 

EMBANKMENT 
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11.1.4  

  (Rigid Culvert under Embankment, Yielding Foundation) 

 Yielding Foundation 

Rigid Culvert under Embankment, Unyielding Foundation    Flexible 

Culvert under Embankment, Yielding Foundation  

 

 

 

 

 

 

 

 

 

 

 

 11.4  

(Rigid Culvert under Embankment, Yielding Foundation) 

 

 

11.2  

  

      

11.2.1 Trench or Ditch Method    

 

11.2.2 Embankment or Projection Method   

  

   Embankment 

    

   Positive Projecting Type   Embankment 

    

   Negative 

Projecting Type   Embankment   Positive   

Crown Settlement 

equal to 

Roadway Surface 

Bottom Settlement 

EMBANKMENT 
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Negative Projecting Type     (Soil-

Culvert Interaction)    Direct 

Design     Embankment 

Method  

11.2.3 Induced Trench Or Incomplete Trench Method  

 High Fill    

 Earth Arch     Arching Action  

   

11.2.4 Jacking/Drilling/Tunneling Methods    

      

  

  

 

 

11.3  . 

 (Bedding)     

 Supporting Strength    

   

        ‘Uniformly Supported’  

 

 

 Bedding   

  

     Practice    Typical Bedding  

 

11.3.1 Ordinary Bedding  

   

 Supporting Strength   

11.3.2 Granular Bedding  Compacted Granular Material Foundation  

   Yielding  Unyielding Foundation  
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11.3.3 Concrete Cradle  Concrete Saddle  Bedding  AASHTO 

   Granular Foundation   

   Supporting Strength    

 

 

 

 

 

 

 

 

 

 

 

 

 11.5  

 

11.4  . 

 .  

11.4.1  

11.4.2  (Bedding)     3  

11.4.2.1   Concrete Cradle Bedding  

11.4.2.2    Ordinary  Bedding 

11.4.2.3    Bedding for Rock or Unyielding  Foundation 

11.4.3  

11.4.4  ( )  

11.4.5  . 

11.4.6  .  

11.4.7  . 

11.4.8   15   

 Mechanical Tamper Vibratory Compactor  

 

 

 
 

 
 

 

Compacted Granular Material 

 

Ordinary Bedding 
Granular Bedding 

Concrete Cradle 
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11.4.9      

(Final Clean–Up) 

 

11.5  

     

       

-  -      

       

 

 

    

 (Pre-Loading)  (Consolidation)    Prefabricated Vertical 

Drains (PVD)     Cement Column  

 (   )    

   

    

   

 

 

11.6  (Induced or Imperfect Trench) 

 

  Arch    Arching Action    

 (Compacted Embankment)  2 

      

 (  Loosest Possible Condition)   Earth Arch 
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 11.6  (Induced or Imperfect Trench) 

Roadway Surface 

Backfill with 
Full Compaction 

Backfill in Loosest 
Possible Condition 

Embankment first constructed, 
then trench excavated Backfill with Compaction 

Compacted Bedding 
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Bowles , J.E., Foundation  Analysis  and  Design, Fourth  Edition , McGraw–Hill  Book  Company, 
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.1  

 (Interchange) 

           

   

 Total Station  (N, E)    

(X,Y,Z)       

  

 

.1.1  

 

(Electronic Distance Measurement, EDM)  Optical Theodolite 

 (Electronics Theodolite) 

 Total Station    

      

(Electronics Field Book)   

   

 

     
 

  
 

  .1   Total Station   

 (www.surveyinstru.com) 
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.1.2   (Layout of Point)  

.1.2.1  Coordinates Stakeout  Setting out 

(1)  (Reference Point) 

 (Station Point)  

(2)  (Prism & Tripod)  (Reference 

Point)   Backsight Point 

(3)  Layout (Staking Point) 

 Backsight Point  Staking Point 

 Staking Point 

(4)  3  Pole & Prism  

  3 

 

(5)  (Prism & Tripod)  Staking Point  

  

 

 
 .2     Coordinates Stakeout  

(www.surveyinstru.com) 

 

.1.3    

.1.3.1  Side Shot 

(1)  (Reference Point) 

 (Station Point)  

(2)  (Prism & Tripod)  (Reference 

Point)   Backsight Point 

(3)  (Prism & Tripod)  
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(4)    

 

 
  .3     

(www.surveyinstru.com) 

 

.1.3.2  Resection 

  

  2   (Prism & Tripod) 

 Least Squares 

 

 
  .4    Resection 

(www.surveyinstru.com) 
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.1.4  

.1.4.1  2  1  

(Distance)  Azimuth (Az) 1  2   .5 

  
N
 =

 N
2
-
N
1

P2(N2,E2)

N

P1(N1,E1)

D
is
t.

Az

  E = E2-E1

E

 
  .5   

 

 .5   P1  N1, E1  (Dist)  

Azimuth (Az)  P1  P2  P2  

  N2 =   N1+ N  

 N  =  Dist x Cos(Az) 

 N2 =  N1+ Dist.x Cos(Az)   …………  ( .1) 

   E2 =  E1+ E  

 E  =  Dist x Sin(Az) 

  E2 =  E1+ Dist x Sin(Az)    …………  ( .2) 

 

.1.4.2  Distance  Azimuth (Az) 1   2 

 1   2 

  N  =  N2 - N1 

 E  =  E2 - E1 

 Dist. =  ( N )2  +  ( E )2   …………  ( .3) 

     =  Tan-1(
N
E

)    …………  ( .4) 
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N
 =

 N
2
-
N
1

P2(N2,E2)

N

P1(N1,E1)

D
is
t.

Az

  E = E2-E1

E

      

 
 .6  Quadrant 1 

 

  .6   N    +  E  +       Quadrant 1 

 Azimuth (Az)  =     …………  ( .5) 

 

 
  

N
 =

 N
2
-
N
1

P2(N2,E2)

N

P1(N1,E1)

A
z

E

D
ist.

  E = E2-E1

    
  

 
  .7  Quadrant 2 

 

 .7  N   –  E   +      Quadrant 2  

    Azimuth (Az) =  1800  -     …………  ( .6) 
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P2(N2,E2)

N

P1(N1,E1)

E

  
N
 =

 N
2
-
N
1

  E = E2-E1

D
is
t.

Az

      

 
 

  .8  Quadrant 3 

 

 .8  N   –  E   -      Quadrant 3  

     Azimuth (Az) =  1800 +     …………  ( .7) 

P2(N2,E2)

N

P1(N1,E1)
E

  
N
 =

 N
2
-
N
1

  E = E2-E1

D
ist.

A
z

    
  

 
 .9  Quadrant 4 

 

 .9  N   +  E   –   Quadrant 4  

   Azimuth (Az) =  3600-            …………  ( .8) 
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.1.4.3  3  Azimuth  Alignment 

 1   2 

 

Dist.

P3(N3,E3)P1(N1,E1)

AzP1P2

P2(N2,E2)

 
  .10   

 

 

    N  =  N2-N1 

    E  =  E2-E1 

     =  Tan-1(
N
E

) 

  

  N   +  E   +  (Quadrant 1) AzP1P2 =   …………  ( .9) 

  N   -   E   +  (Quadrant 2) AzP1P2 = 180o -    …….. ( .10) 

  N   -   E   -   (Quadrant 3) AzP1P2 = 180o +   ……....( .11) 

  N   +  E   -   (Quadrant 4) AzP1P2 = 360o –   ………( .12) 

  

    N3 =  N1+ Dist x Cos(AzP1P2)   …………  ( .13) 

    E3 =  E1+ Dist x Sin(AzP1P2)  …………  ( .14) 
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.2  (Horizontal Alignment) 

  2 

 

   

   

-  (Simple Circular Curve)  2  

 

-  (Spiral Curve)   (Transition Spiral Curve)  

   

 

 

-  (Compound Curve)     

 

  50 % 

-  (Reverse Curve)  

 

-  (Broken Back Curve)  
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.2.1  (Simple Circular Curve) 

 

R

A
      

    

  

B
A
C
K
 T

A
N
G
E
N
T

O

PI

PC

LcT M

LC

E

T
FOREWARD TANGENT

R

PT

     

    

 
  .11    

 

  

PC = Point of Curve   

PI = Point of Intersection 

PT = Point of Tangency  

T = Tangent Distance  

E = External Distance  

M = Middle Ordinate 

R = Radius of Curve 

O = Center point of Curve 

 = Angle of Intersection 

D = Degree of Curve 

Lc = Length of Curve 

LC = Length of Chord 

L = Arc Length   

=  Center Point of Curve   L 
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T  = R tan(
2

)     …  ( .15) 

E  = R [sec(
2

)-1] = T tan(
4

)  …  ( .16) 

M  = R [1-cos(
2

)] = R vers(
2

)  …  ( .17) 

R  = 
D
57795.5729     (Arc definition)    …  ( .18) 

Lc  = 100 (
D

)     …  ( .19) 

LC  = 2R sin(
2

)     …  ( .20) 

PC sta.  = PI sta. – T     …  ( .21) 

PT sta.  = PC sta. + Lc     …  ( .22) 

 

R

B
A
C
K
 T

A
N
G
E
N
T

O

PI

PC

T

T
FOREWARD TANGENT

R

PT

L

A
zP

C
P
I

AzPCO

A
zS

ta
O

       

Sta.

W

     

 
   .12   
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.2.1.1  PC  

      PI 

       Azimuth  PC  PI (Az PCPI)  

        -T 

 

.2.1.2  O 

      PC 

      Azimuth  PC  O (Az PCO)  

Az PCO =  Az PCPI + 900    

    =  Az PCPI - 900    

      R 

 

.2.1.3  Sta.   

      O 

      Azimuth  Sta.  O (Az Sta 0)  

Az Sta O =  Az PCO +     

      =  Az PCO  –     

               =  
100
DL  

           L =  Sta.   – PC Sta.  

       –R 

 

.2.1.4  Offset  Sta.   (  Offset W) 

      O 

      Azimuth  Sta.  O (Az Sta O) 

      = -(R-W)  Offset  

     = -(R+W)  Offset  
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.2.2  (Spiral Curve) 

    

    

   

    Clothoid     Cubic Parabola  

Lemniscate   Clothoid   
 

 (Symmetrical Spiral Curve) LS1 = LS2 
                   

 
  .13    
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TS =   (Tangent to Spiral) 

SC =   (Spiral to Circular Curve) 

CS =   (Circular Curve to Spiral) 

ST =   (Spiral to Tangent) 

L =   TS     

LS1 =   TS   SC 

LS2 =   CS   ST  

 =   (Central Angle)  L 

S1 =   (Central Angle)  LS1 

  (Spiral Angle) 

S2 =   (Central Angle)  LS2 

  (Spiral Angle) 

 =   (Deflection Angle)  TS  

  L 

C =   (Deflection Angle)  TS  

 SC 

D =  Degree of Spiral Curve  L  

DC =  Degree of Curve  

R =  Radius of Spiral Curve  L 

RC =  Radius of Circular Curve 

Y =   Offset  Tangent  L 

YS1 =   Offset  Tangent  SC 

YS2 =   Offset  Tangent  CS 

X =   TS  Offset  Y 

XS1 =   TS  Offset  YS1 

XS2 =   TS  Offset  YS2 

P =   Offset  Tangent  PC  New Curve 

k1 =   TS  PC  New Curve 

k2 =   ST  PC  New Curve 

TS1 =   Tangent Line  TS  PIS 

TS2 =   Tangent Line  PIS  ST 
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ES =  External Distance 

S =  Intersection Angle  Spiral Curve 

C =   (Central Angle)  LC 

 SC  CS    

LC =  Length of Chord  L    

L.T. =  Long Tangent 

S.T. =  Short Tangent  

 

 

S  = 
C

S

R
L
2

   (Radian)    …  ( .23) 

 = S
SL

L
2

  (Radian)    …  ( .24) 

 

Y  = 
720,894,6600,75320,1423

9753

L   …  ( .25) 

 

X  = 
440,685360,921610

1
8642

L    …  ( .26) 

 

 = 
X
Y1tan       …  ( .27) 

 

ST  = 
2

tan S
C PRk       …  ( .28) 

 

k  = SCS RX sin      …  ( .29) 
 

p  = SCS RY cos1      …  ( .30) 
 

..TL  = 
S

S
S

YX
tan

      …  ( .31) 

 

..TS  = 
S

SY
sin

      …  ( .32) 

 

C  = SS 2       …  ( .33) 
 

Lc = 
C

C

D
100  = 

180
CC R

   …  ( .34) 
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TS Sta. = PI Sta. - ST      …  ( .35) 

SC Sta .= TS Sta. + LS1     …  ( .36) 

CS Sta. = SC Sta. + CL      …  ( .37) 

ST Sta. = CS Sta. + LS2      …  ( .38) 

 

 
  .14   

 

 LS1, LS2, Rc  DC  S     

     

.2.2.1  TS  

   PI 

       Azimuth  TS  PI (Az TSPI) 

        -TS 
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.2.2.2  Sta.    Spiral Curve  TS  SC 

       L (= Sta.   - TS Sta.) , , X. Y, � , L.C. 

       TS 

       Azimuth  TS  Sta. (Az TSSta) 

  Az TSSta   = Az TSSta +     

      = Az TSSta -    

        L.C. 

 

.2.2.3  Sta.   Simple Curve  

(Simple Curve)  SC = PC  CS = PT 

 

.2.2.4  Sta.    Spiral Curve  ST  CS  

TS  SC    L = ST Sta. – Sta.   

 

.3  (Vertical  Alignment) 

    2  

 2    (Initial Slope) 

 (Terminal Slope)    

0.5 %    

 

 2    

-  (Crest Vertical Curve)  

 (G1 > G2) 

-  (Sag Vertical Curve)  

 (G2 > G1) 

 
 .15  (Crest Vertical Curve) 
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 .16  (Sag Vertical Curve) 

 

   2   

-  (Symmetrical Curve)  

-  (Unsymmetrical Curve) 

  2   

 

.3.1  (Symmetrical Curve) 

 
 .17   (Symmetrical Curve) 

 

y  = (x/l) 2 .e        …  ( .39) 

e  =  AL/800        …  ( .40) 

  e   =   

 A   =   (Algebraic Difference Grade) 

       = G 2 – G 1    G 1 , G 2 =     

   (+)    (-) 

 L   =   

 l   =    PVI 

 y   =  

 x   =  
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.3.2  (Unsymmetrical Curve) 

 

 
 .18   (Unsymmetrical Curve) 

 

y1  =  ( x 1 / l 1 ) 
2 . e       …  ( .41) 

y2  =  ( x 2 / l 2 ) . e        …  ( .42) 

e    =  Al 1 l2 / 200 L        …  ( .43) 

  e   =   

 A   =   (Algebraic Difference Grade) 

       = G 2 – G 1    G 1 , G 2 =     

   (+)    (-) 

 L   =   (  .18) 

   l 1, l 2   =   PVI (  .18) 

     y1, y2   =  (  .18) 

     x1, x2   =  

  (  .18) 
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  (Sag Vertical Curve)  

  PVC. STA. = 9+625.000   ELEV. = 233.190 

  PVI. STA. = 9+750.000  ELEV. = 222.000 

  PVT.STA. = 9+875.000  ELEV. = 218.875 

    g1  = -8.952 %   g2   = -2.500% 

 

   V.C.  =  L =  PVT. STA. - PVC.STA. 

    = ( 9+875.000)-(9+625.000)  =  250  

 

   e  M.O.  = AL/800 

   A = g2  – g 1 = ( -2.500) – (-8.952 ) =  -2.500+8.952 

    = + 6.452 % 

    e  M.O.  =  6.452  x 250  / 800  = +2.016 

 

  x  (  PVC. STA.) 

 y (  PVC. STA ) 

 

(1)  STA.  9+663 (  1) 

  x  = (9+663) – (9+625) = 38.00  

   y = (x/l)2 . e   

    l =  PVI. STA. – PVC.STA.  = ( 9+750) - (9+625) = 125   

       y =  ( 38/125) 2 x (2.016)  = 0.186 (  ) 

 

 STA.  9+663   g1 

  g1 (-8.952 %)  x = 38.00  (233.190)-((38 x 8.952)/100) 

 = 229.788 

     STA.  9+663   229.788 +  0.186 = 229.974 
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(2)   STA.  9+791 (  7 ) 

  x =  ( 9+791 ) – (9+625) = 166   

     y =  (166/125) 2  x (2.016)  =  3.555 ( ) 

 ELEV.  g 1   STA. 9+791   ( 233.190) – ((166 x 8.952)/100) 

=  218.885 

     STA.  9+791   218.330 +  3.555 = 221.885 

 

 

 

: 

-  (Crest Vertical Curve)    y 

  (-) 

-   g1   g2    (+)   (-)    2    A 

 B  A   B = g % 

 

 

          

  A    B    AB   -g% 

  A    B     AB   +g%  

(  .15  .16  ) 

 

 

A B 
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.4  (Leveling) 

 

.4.1  

   

   

   

 (  .19) 

 

 
  .19   

 

.4.2  

.4.2.1  

 

   

 (  .20) 

   (Tilting Screw)  
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  .20   

 

.4.2.2  

  

 

 

  

 

 

.4.3  

 

 
  .21   

 

 .21   A  (MSL)  HA    

 B   A    B    A 

 B  A    (Back – Sight, 
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BS)   B    (Fore-Sight, FS ) 

 B  

 HI = H A  + BS  ……  ( .44) 

 B     HB =  HI – FS   ……. ( .45) 

 A  B               H AB = BS – FS …… ( .46) 

  B                   H B = H A +  H AB …( .47) 

 

.4.4  ( Differential Leveling ) 

     

“ Bench  Mark’’ ( BM )   

   

 BM   

 

  

   

 

 
  .22   

 

 .22    BM 101  (Vertical  Control Point)   

 BMA    BM101  

 70-80    

BM101  BMA    1 

 (Turning Point ) TP1  2 

 TP 2   

 BMA  .46 
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  Hi = BS i - FSi 

  BM101  BMA   

         H BM101-BMA   =     BSBM101-BMA  -   FSBM101-BMA …… ( .48) 

 BMA   HBMA   =     HBM101   +   HBM101-BMA 

 

.4.5   

 

 BMA  BM101    

         H BMA -BM101   =    BS BMA -BM101   -   FS BMA -BM101 

 

 

  0   

    H BM101-BMA   -    H BMA -BM101     =   0 

 

  

     

± 12(K)0.5      K  

BM101  BMA     

     

 

 

.4.6  

   

Federal Geodetic Control Committee, FGCC  1984  3 

   

   .1 
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  .1   FGCC 1984 

First Order Second Order 
Classification 

Class I ,  Class II Class I Class II 
Third  Order 

Principle uses  Basic framework of the Secondary control of the  Control densification,  Miscellaneous local control; 

   Minimum standard;  National Network and of  National Network and of   usually adjusted to the    may not be adjusted to the 

   higher accuracies may  metropolitan area control  metropolitan area control   National Network Local   National Network , Small 

   be used for special       engineering projects   engineering projects 

   purposes Extensive engineering Large engineering Topographic mapping Small-scale topographic 

      project   project  mapping 

  Regional crustal movement Local crustal movement and Studies of rapid  Drainage studies and  

      investigations     subsidence investigations     subsidence    gradient establishment in 

  Determining geopotential Support for lower order Support for localsurveys    mountainous areas 

      values     control     

 Recommended Net A; 100 to 300 km Secondary network; Area control;   As needed 
spacing of lines :   Class l   20 to 50 km   10 to 25 km   
  national network  Net B; 50 to 100 km       
    Class II       
Metropolitan control ; 2 to 8 km 0.5 to 1  km As needed As needed 
 other purposes As needed As needed As needed As needed 

spacing of  marks 1 to 3 km 1 to 3 km not more than 3 km not more than 3 km 
  along  lines         

Gravity requirement 0.20 x 10-3  gpu - - - 
Instrument standards Automatic or tilting levels Automatic or tilting levels Geodetic levels and Geodetic levels and rods 
    with parallel plate   with optical micrometers scale rods   
    micrometers; invar    or three-wire level; invar     
    scale rods   scale rods     

Field procedures Double-run; forward and Double-run; forward and  Double or single run  Double or single run 
  backward ; each section backward ; each section     
Section length 1 to 2 km 1 to 2 km 1 to 3 km for double run 1 to 3 km for double run 

Maximum length of  50 m Class I 60 m 70 m 90 m 
   sight 60 m  Class II    

Field procedures b         
  Max difference  in         
   lengths         
   Forward and         
   backward sights         
    per setup 2 m Class I ; 5 m Class II 5  m 10 m 10 m 
    per section 4  m Class I ; 10 m Class II 10  m 10 m 10 m 
  ( Cumulative)     
  Max. length of line Net A ; 300 km  50 km double run 25 km double run 
  between connections Net B ;  100 km 50  km 25 km double run 10 km single run 

Maximum closures c     
  Section : forward and 3  mm (k)0.5 Class I ; 6 mm (k)0.5 8 mm (k)0.5 12 mm (k)0.5 
   backward  4  mm (k)0.5 Class II;    
   loop or line 4  mm (k)0.5 Class I ; 6 mm (k)0.5 8 mm (k)0.5 12 mm (k)0.5 
  5  mm (k)0.5 Class II ;    

b The maximum length of line between connections may be decreased to 100 km double run for second order, class II, and to 50 km for double 

run for third order in those areas where the first order control has not been fully established. 
c Check between forward and backward running where k  is the distance in kilometers. 
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.4.7  

    

     (  .23) 

   (Stadia 

Interval)   (D)  

  

 
  .23    

 

 .23   d = fs/i    s      i  

     f     i  f  

    k  =  f/i         d  =  ks      

 d  = ks + c     …………  ( .49) 

   k = 100    c  =  0     2.6   

 d  =  100s     …………  ( .50) 
 

 

  

 

 2   

 2   .24  

 
  .24   
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.1  

   

       

  

     

     .1  

    

      

  

     

 

 
 

 
 

  .1   
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.1.1  

  

  

12    

   

    

     

   

   

  

 

     

 

   

  2    

    (Wide  Flange)  
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  6" x 6.00 m. @1.20 m. Max. 

  2" x 8"  

  1-1/2" x 6" @0.50 m. 

  1-1/2" x 6"   

  1-1/2" x 3" x 3.50 m. ( ) 

 

 

  .2   

1

2

3

4

5
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  6" x 6.00 m. @1.20 m. Max. 

  2" x 8"  

  1-1/2" x 6" @0.50 m. 

  1-1/2" x 6"   

  1-1/2" x 3" ( ) 

  1-1/2" x 3" x 3.50 m. ( ) 

  1-1/2" x 3" x 3.50 m. ( ) 

 

 

  .3   Slab Type  

 

 

 

 

 

 

4

5

7

6

1

2

3
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  .4   
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.1.2  Approach Structure 

 

 
 

 

 
  .5     Approach Structure 
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.1.3  

 (I)   (Plate  Girder)  

     

    

  

  

 .6  

  

  

 

 
 

   
 

  .6      
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.1.4  

  

   

  

  2     

 

.1.4.1  (Panel) 

.- 

.1.4.1.1   

  Panel    

  Panel  

  750  Kg/m.2    

 

.1.4.1.2 

  Panel     Mortar  

  Panel    Grade  Line  

 

.1.4.1.3  Panel  Panel 

 7.5 cm.  

Mortar  
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D = Slab Thickness 

.1.4.1.4  Panel 

 Mortar 

 

 

 (Panel)  

  .7 

 
 

    

 

 

 

 

 

 

  Panel  Span     Mortar   

 

  .7    (Panel) 
 

  :     

 
   

.1.4.2 

     

  

  

  

> 7. 5 cm. 
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.1.5  

 

  

    (Cantilevered Construction)        .8     .9       .10     

 (Web)   

 

 

   

 .11 
 

 

 

 

 

   
 

 

 

  .8   
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  .9   

 

 

 

    
 

  .10   
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  .11   

 

 

 

 

 
 

  .12    
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  .13    

 

 

 
 

 
 

  .14   
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  .15  ( )    Cantilever Deck 
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  .15  ( )    Cantilever Deck 

 

 4 – 6 MM. 
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  .15  ( )    Cantilever Deck 

 4 – 6 MM. 
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 .16  ( )     Cantilever Deck (Hollow Type) 

SECTION 
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 .16  ( )     Cantilever Deck (Hollow Type) 
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.2  (Shoring) 

  

      4 

        ,  

(Buckling)   

 

   

  

  .17  ( )  2 x 8 

 1/2   

 2 x 6  1 1/2 x 8 

 2  

   

 

 

 
 

  .17 ( )  
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    .17 ( ) 

 

    

   1.20   1.50  1.80  2.00  

2.40   

  .17 ( )   

    

      

     .18    

 
 

 
 

  .17 ( )   
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  .17 ( )   
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  .18     

 

12
"

20'

6'

6'

6'

12

4' 8'

12" 

20' 

6' 

6' 

6' 

12

4 8' 

12" 

19'

5'

6'

6'

12"

4' 8' 
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.1  

  2    

.1.1     

     

     

   

    30 % 

  1                  

 50      

 
  .1        (  x  x ) 

 

.1.2     

 –  

  

. .409  .213  .1 
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 .1   

  . 213-2520 

   

1.    

 

2.   

 

3.   

4.   

  200  . 

  200  . 

  500  . 

  500 . 

- 

- 

± 2% 

± 1% 

± 3% 

± 2% 

± 3% 

± 3% 

 

.2  

          

  

   

      

 

 

.2.1  

   Batch Mixer  

  

 

.2.2   

   2    

1) Batch Mixer  0.5    1    

  

2) Continuous Mixer 

     

 

    2    Drum 

Mixer  Pan Mixer  

1) Drum Mixer  4    

- Tilting Drum Mixer 

- Non-Tilting Drum Mixer  
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- Stationery Drum Mixer  Horizontal Shaft Mixer  

- Dual Drum Mixer 

 

  

 
  .2  Drum Mixer  (a)  (b) 

 

2.)  Pan-Type Mixer  

 

 
  .3  Pan-Type Mixer  (a)  (b) 

 

       

  

    1      5 

– 6  

 

.2.3  

    

 

(1)  10%  

(2)          
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(3)   10%  

(4)   80%    10%    

 

(5)   

 
 

          

   

 

.2.4  

 

-  

-  

-  

-  

-  
 

       

   

1)      

2)    
 

    1      

1      20      1   

  5      .2  
 

 .2   

  ( . .)   ( ) 

1 

1.5 

2.5 

3.0 

4.0 

4.5 

1.00 

1.25 

1.50 

1.75 

2.00 

2.25 
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.3  

  

  

    

   

 

     

-  

-  

- , ,  

-         

 

         

   

 

(1)  

-   

     

 

-   

  
 

(2)   

  

     

    

      

     
 

(3)  

-      
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-     

  

-        

 

 
  .4   

 

 

 
  .5   
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(4)   

    

    

   

    

   

 

(5)  

    

  

 

 

 
  .6   

 

(6)  

  

    

       

 

(7)  (Shortcrete) 
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(8)  (Underwater Concreting) 

    

 

   

 
  .7   

 

.4  

    

             

    

        

   

 

.4.1  

    

      

      .8  

.14  



 

 

187

   Drumper    

 

  

(1)  

(2)    

(3)   

   

(4)    

(5)            

 2 /   

 Cold   Joint 

 

 
 

  .8   

 

 

 
 

 

  .9   Hopper 
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  .10   (Bucket) 

 

 

 

 
 

 

  .11   
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  .12   

 

 

 
 

 

 

 
 

  .13   
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  .14   

 

(6)       

 

(7)    

 (Tremie) 

 

(8)   

 

   Slip-Forming, Tremie Method, 

Shotcreting, Preplaced Aggregate  Roller Compacted Concrete 

   

(1) Slip-Forming  

  

  Slip-Forming   

    

(2) Tremie Method   
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.4.2  

 (Entrapped Air) 

   

 

 Entrapped Air  

  7.5   5% 

 2.5   20%  

 

 

   

(1)  (Void)   1%  

(Entrapped  Air)    5.6 % 
 

 

 

 

 

 

 

 

 

 

 

  .15   

 

(2)  (Permeability)  

 

(3)  

(4)  (Honeycombing) 

 

      

    

 

 

 % 

 (%) 
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.4.3  

    3     

.4.3.1  (Internal  Vibrators) 

   (Poker) 

 

 Poker Vibrator  Immersion Vibrator 

    70-200  Hz  

 0.5-1   5  – 2  

 

 

 

 

(1)     

  

 

 

 
  .16   
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(2)   

 

 
  .17   

 

 

(3)    

 

 

  .3    (Poker)  

 

 

( ) 

 

 

( ) 

 

 

. ./ 

 

 

 

20-30 80-150 0.8-2      

  5    

     

35-40 130-250 2-4    5  

50-75 180-350 3-8 

  2.5     

 

 Vibrate 
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.4.3.2  (External  Vibrators) 

  

        

 

 50-150 Hz 

 Internal 

Vibrator 

   

    

 

 

.4.3.3  (Vibrating  Table) 

  

  External    Vibrators 

  25-120 Hz 
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.1  

(1)   (Ready Mixed Concrete)  

Calibrate    

 Mixed Design 

  

(2)       

 

(3)  (Gradation)   (Abrasion)   

    

(4)         

    

(5)  

(6)         

  

(7)  (Covering)   (Bar 

Chair)  

(8)   Dowel   

(9) ,  

 

(10)   (Slump Test)  

(11) 
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.2  

(1)  

(2)   

(3)  (Ready Mixed Concrete) 

    45      

 

(4)  

 

2.00  

(5)  (Slump)  

(6)  (Vibrator)  

(7)   

(8)  

 3   

 

(9)  Dowel   

 

(10)  

(11)    

-   2  

-   14  

-  

  28   

(12) 
 

(13)  

 

(14) 
 

(15)  
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.3  

  

 

  0.42  

 

   0.45  0. 50  

 “ ” (Self- Desiccation) 

  

   

 80     

 

 

 

 

.3.1  

 

  

 

     

      

  

  

  

 

   

 

    10 

  5  

  0  

  ACI 308 (2)  

 10    3   7   14  

  3    1  2    BS 8110  
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  .1   BS 8110 

 
  

5-10 oC 10 oC  5-25 oC 

1.    80  

      -   

2.    50 80        

      -  1 ,3,  5 4 3 60/ ( t+10) 

      -  6 4 80/ ( t+10) 

3.    50        

      -  1 ,3,  5 6 4 80/ ( t+10) 

      -  10 7 140/ ( t+10) 

    t  

 

.3.2  

 2   

 

  .2 

 

.3.2.1  

 

  BS 8110  

 80  

 

 

 

 

(1)   

 

   (Polyethylene) 

 (Water Proof Paper  Kraft )   
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 ASTM  C171 

 

(2)   

 (Curing Compound) 

   ASTM C  309  

 (Membrane) 

  

 

 

 

   2  3   
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.3.2.2  

  

 

 

  

 

 

  

  

  2  
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.1  

 

 

     

1.   -  -  

 

- Tensile Stress   

 Prestressed Concrete 

  

 

  

-     Stroke 

-   Cushion Material  

       Helmet  

-   Tensile Stress 

 

-  Tensile Stress  Torsional Stress 

 

 

- 
 

 

- Over Compressive Stress  Impact 

  Pile Cushion 

 Pile Cushion 

 

- 
 

-  

   

-  Pile Cushion  

- Bending stress 

 

 

 

-  

 Pile Alignment  

Hammer, Lead Alignment  

- Prestressing Steel  

 Stress   

-   

 

 

-      Spiral  Stirrup Reinforcement  -  Spiral  Stirrup 

  

2.   

-   -  
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3.  - Over Bending Stress 

 

  

Chamfer  

-  

 - Over Bending Stress 

 

-  Alignment 

 

- Over Compressive Stress  Pile 

Cushion    

  

-    

-  

  

 

-   

  

- Over Compressive Stress 

 Pile Cushion 

 

-   

-  /  Pile Cushion 

- Over Tensile Stress  Wave Up/Wave 

Down 

 

-  

-  Tensile Stress 

 

-    

- 
 

-  

 AWS 

-       

 

-      

        

      

-  Pile Shoe  Pile Tip  

 

4.   

-       

       Black Hoe    

      Cut Off Elevation  

-  Back Hoe 

 

-     

        

-  

  Preservative Treatment  

-     

 

-  Corrosion Protection 

 

5.   

-  

 

-      

Covering  
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-    

 

-      

-   

 

-       Handling Stress 

 

- Over Tensile Stress 

  Pile Cushion 

/  

-  

- /  Pile Cushion 

-  Tensile Stress 

6.   

 

 

 

 

 

 

- Over Compressive Stress  Wave Up/Wave 

Down 

  

 

-  

7.  - 
 

-   Surcharge 

 

 -  2 

 

-  Embankment 

  Lateral Squeeze 

 

-  Pile Integrity 

 

-  Settlement  90 % 

Consolidation  

-  Pile Alignment 

 

-  

-  

 

-  Reference  

-  

-  

 

-  

 

8.  

 

 

 

 

 

 

 

 

-  

 

-  Surcharge  
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9.  

     Blow / 

      Set 

-  Criteria  

Dynamic Formula   

 Over Conservative  

 Hiley Formula 

-  Wave Equation Analysis of Pile 

 Blow Count 

 Dynamic Formula 

 

-  Blow 

Count 

Verify 

  Static  Dynamic 

Load Test 

-   Soil Boring  -   

-  -  Pile Integrity Test  

-  Structure Subsurface Investigation 

 

-  Soil Boring  10.  

       Pile Tip  

       -  /

 Soil Boring 

 Tip Elevation 

 Tip 

 Overstress 

 

- Redesign/Analysis  

Blow Count   Blow Count 

 Tip  Verify 

 Static  Dynamic Load Test 

-  Soil Boring  -  11.  

 

 

-  Blow Count  - 

 Static  Dynamic Load Test 

12.  

       

- Over Conservative  Dynamic 

Formula 

 

- Redesign/Analysis  

-  Soil Boring  Verify Load 

  

Dynamic   Static Load Test 

-  Dowel 

 1 

   Dowel 

 Epoxy 
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( )           ( )      ( )    ( ) 

 

       .1     ( )   

( )   

( )  

( )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 .2  

 
 

/  

 

P = K     (U   - U   ) L       S      P 

E   I P 

U   P 
U   S 

Surcmarce 

Soil 

Deformation 

Deflected Pile Axis 

Soil Pressure 

On Pile P. 
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 .3   

 

 

(b) 

 
 

Rotational Slip Surface 

 

(a) 
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.2    Hiley's Formula   

(  Sheet No.177 ) 

 

   R   =        n. W. H. E       
                                     S+C/2 
 C   =   C1 + C2 + C3 

  

 R   = Ultimate Bearing Capacity 

 n   =    W + Pe2  
          W + P 
   W   = Weight of  Drop Hammer (Ton) 

   P    = Weight of  Pile (Ton) 

   e     = Coefficient of Pile Head and Cushion 

         = 0.25  for Concrete Pile with Jute Mat Head Cushion 

 H   = Hammer Drop Height (cm.) 

 E   = Equipment Loss Factor =   1.00 for Free Falling Hammer 

     =   0.80  for Drop Hammer with Friction Winch 

 C   = Temporary Compression 

 C1  =  Pile Shortening for Pile Length of L = 0.72   R    L    (cm.) 

                   A   

 C2  =  Compression in Pile Head Cushion of L2 = 1.1   R    L2    (cm.) 

                 A   

 C3  =  Compression in the Soil Underneath and Surrounding the Pile   =   3.6 R      (cm.) 

                   A   

 L   = Length of Pile  (m.) 

 L2   = Thickness of Pile Head Cushion  (m.) 

 S   = Penetration  (cm.) 
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   15  .     4.0     0.40 x 0.40  . 

  L  =  15  .  W  =  4.0   

  p  =  0.40 x 0.40 x 15 x 2.4  =  5.76   

  e  =  0.25   h  =  100  .    E  =  0.80 

  n  =    w + pe2 =   4 + ((5.76) (0.25)2)   =   4.36  =  0.44672 
              w + p   4 + 5.76     9.76  
  A  =  40 x 40  =  1,600  .2 

  L2 =  0.05  .     S  =  1.0  . 

  C1 = 0.72   R    L      =   072 x R x 15  =  0.00675  R 
               A                 1,600 
  C2 = 1.1    R   L2       =   1.1  x R x 0.05  =  0.00003  R 
                     A             1,600 
  C3 = 3.6    R           =     3.6  x R   =  0.00225  R 
                      A                       1,600 
  C  =  C1 + C2 + C3      =  0.00903 R 
 
    R   =        n. W. H. E       R   =    044672 x 4 x 100 x 0.8   
                                        S+C/2                  1.0 + 0.004515 R 
  0.004515 R2 + R – 142.9504   =   0 

     R   =   - b  b2 – 4ac  
               2a    

     R   =  -1 (1)2– 4(0.004515)(-142.9504) 
                     2(0.004515) 

     R  =  -1 3.58168 
        0.00903 
     R  =   -1+1.892534   
        0.00903 

     R  =    0.892534    
                  0.00903 

     R  =   98.84        99   
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.3  

 14  

 (Anchor Piles)  Shop Drawings 

  Test Beams  Cross Beam    Jack      

  

 300 ./ . . 

 

   2   

   1.25 

   

  2.5 

 

 

 

 

  

- 
    25%    50%    75%    100%    125% 

-   1 . 

  1   2   4    8    15    30    60    90    120    180    

240  2  0.01 .  

-  0.25 . 

   60  

-  125%   24  

-    100%    50%    25%    0% 

-   1   2   4   8   15    30    45    60   0% 

  

  

-  2.5 

  25%   50%   75%   100%   125%   150%    175%   

200%    250% 
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-  1 . 

  1   2   4    8   15   30    60   90   120   180   240 

  2  

-  0.25 . 

  60  

-  250%  24  

-    200%   175%   150%   125%   

100%   75%   50%    25%  0% 

-   1   2   4   8   15   30   45  60   0% 

  

 

 

-    

 14 

 15%  (

)  

-  

 

-  

 

 

 

 

 

  

-  

-   

 

- - -  

-  

-   

-  Ultimate load capacity  Chin’s Method 

-  Friction  Bearing load  
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-  

-   

 

-   

-   

-   

  

  

 

 

 

-      

-  25   2 

 24  (Permanent Settlement) 

 6  

 

 

  

 

-  40  

   

 

-  40    0.25 .   

-  40  
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.4  (Cross Hole Sonic Logging Test) 

 Cross-Hole Sonic Logging  

 (Ultra Sonic Pulse) 

    

  

     

    

 

  

   Caisson    Barrette  

 (Diaphragm Wall)   

   

-    (Vibration)  

-  (Vibration)  

-  

-  

-  

- 
 (Casing)    

 

 14   

    Manchette    

 

 

  
 .4   

 Sonic Logging Test 

 .5   Sonic Logging Test 
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Concrete Structure

Weve Direction

Tubes ( Water Filled )

Transducer ( Receiver )
Transducer ( Emitter )

Steel Access Tubes

Pulleys

 
 .6   

 

 

 

 

 

 

 

  .7   

Sound Concrete 

Major Anomaly (Categorize  C) 
Defect (Categorize D) 

Minor Anomaly (Categorize B) 

OK (Categorize A) 

  Manchelte 

1

2

3
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.5  (Sonic Caliper Measurement) 

   Sonic Caliper 

Measurement  Koden Test   

      

  

        

 1:100 

 

   

 

 

 

 

 

 

  .8         .9   

(Drilling Monitor)  KODEN              KODEN 

 

 

 

.6  
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.1  Elastomeric Bearing Pad  

 Quick Production Test   

(1) Check  for  Misplaced  Reinforcing  Plate 

(2) Bond  Failure  at  Steel/ Elastomer  Interface 

(3) Surface  Defects 

(4)  Stiffness  Elastomeric  Bearing   

  Compression  

  Max  Design  Load   1.5 – 2     Dial Guage  Deflection 

 1/100   

 Elastomeric  Bearing    Load    Max  Design  Load  

 Design     Load      Bearing  

    Load    Load  Deflection   Load  1/3   

Max Design Load  Deflection ( 1)  Bearing    Load  Max  Design 

Load   Deflection (  2)     Compressive  Stiffness (KC) 

 

Stiffness (KC)    = Max Design Load  - 1/3  Max Design Load   

    Total  Deflection (  2 - 1)   

 

  KC  (Compressive Stiffness   Vertical Stiffness)  Range 20%  

 KC  Batch     20%  KC 

 Compressive  Stiffness  Load  Full Load   Load 
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-   Bearing    

    Bearing   

  -1  A A, B B, C C, D D, E E  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 .1 Steel Plate Bonded to Elastomer Layers  

A’ 

B’ 

D’ 

E’ 

C’ 

A 

B 

C 

D 

E 

5 Steel Plate Bonded to Elastomer Layers 

Elastomer Layers Steel Plate 

Steel Plate Bonded to Elastomer Layers 
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-   Load  (Bulging) 

    A B C D E     Load  

  Bulging   1     -2 

 

 

 

 

 

 

 

 

 

 

 

 

 .2   Loaded  Bearing  Pad 

 

-   Bond  Failure at the Steel / Elastomer  (Bulging) 

     Bond  Failure   Bulging 

       -3 

 

 

 

 

 

 

 

 

 

  .3    
 

Bulging of Elastomer Layers 

Steel Plate Bonded to Elastomer Layers 

 (Crack) 

 

 

A 

B 

C 

D 

E 

Bulging of Elastomer Layers 

Steel Plate Bonded to Elastomer Layers 



 

 

218

-   (Crack)      -3 

-   Surface  Defects    

  -4 

 

 

 

 

 

 

 

  .4    Surface  Defects  
 

.2  Plain Bearing  

  BS 5400 : Section 9.2   Load Test    Bearing  

  (Serviceability)  Ultimate Limit Stage  

 Bearing   Load   Load    Bearing  

    Load  Deflection    Rate  Maximum Load 

  Creep    (  Dial Gauge  Deflection )  

 Load  Rate  Load  Deflection  Load 

   Deflection  20 %  Bearing    
 

   Load – Deflection   Load   Load  (Rebound) 

 Cycle   
 

 Cycle  1 

 Load  Load 

Load (kN) Deflection (mm.) Load (kN) Deflection (mm.) 

 

Deflection  

 Load 

100 

200 

300 

400 

500 

0.10  

0.20  

0.30  

0.40  

0.50  

100 

200 

300 

400 

500 

0.11 

0.20 

0.33 

0.45 

0.50 

10 % * 

  0 % * 

 10 % * 

12.5 % * 

   0 % * 

   *   20 %  
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  Cycle  2 

 Load  Load 

Load (kN) Deflection (mm) 

 

 Deflection 

Cycle1  

Cycle 2 
Load (kN) Deflection (mm.) 

 

 Deflection 

Cycle 1  

Cycle 2 

100 

200 

300 

400 

500 

0.10 * 

0.20 * 

0.30 * 

0.40 * 

0.50 * 

0% 

0% 

0% 

0% 

0% 

100 

200 

300 

400 

500 

0.11 

0.21 

0.34 

0.47 

0.52 

0 % * 

5 % * 

3 % * 

4 % *  

4 % * 

  *   5 %   

 

  Deflection   Load  Load   Load    

 20 %    Bearing      Cycle  

 Cycle    Cycle    5 %  Load 

 

 

     Failure  Max Design 

Vertical Load  Elastomeric Bearing Pad BS 5400 Section 9.2 

1. Surface Deface 

2.   Bulging  Bond Failure  Elastomer  

  Elastomer    ( ) 

3.  Crack   

4.  V-Stiffness  Compresive Stiffness  20 %  

Average Stiffness  Bearing  Batch    20 %  

Design Stiffness   

5.  V-Stiffness   2  5 %  

6. Elastomeric Bearing  
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Rubber Property 

Natural Chlorpene 

Tensile Strength, min 

Elongation at break, min 

At Hardness  45-55 

56-65 

66-75 

 

Hardness, max 

Tensile Strength, max 

Elongation at break, max 

* Compression Set, max 

 

15.5 N/mm2 

 

450 % 

400 % 

300 % 

 

10 

15 % 

20 % 

30 % 

 

15.5 N/mm2 

 

400 % 

350 % 

300 % 

 

15 

15 % 

40 % 

35 % 

 

 * Compression Set  Bearing 

 

:  Bearing  Stainless Steel  

Chromium   2  Bearing  
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.1   STRAIGHT  TENDON 

 

 

1.        

2.       

   

3.  

 

 

1.  

2.    ± 5 %  

 

3.  

4.  
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.2   DRAPED  TENDON 

 

 

1.        

2.       

   

3.  

 

 

1.  

2.    ± 5 %  

 

3.  

4.  
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229

.3  

 

 (Post-Tensioned Girder) 

  Elongation     

   P1 = P0 * e-(ua+kx)    

   X =  

   P1 =  X  

   P0 =  (Jacking  Force) 

   e =  Napierian  Logarithms = 2.718283 

   u =  Duct 

   a =  X   

   k = Wobble  Friction  Coefficient   

       Profile    Duct   

    u    k     

   Pm = (Po- P1) / (ua+kx)    

   Elongation = (Pm*X*1,000,000)/(E of Strand*No of Strand*Area of  Strand), mm. 
 

 

 (Elongation) 

   u = 0.15,   X  =  27.1  m.,  k  =  0.0008,  a  = 0.1  rad.,  P0  =  2500  kN 

         No. of  Strand   =  12      

         Area  of  Strand   =  141.7  mm.2    

   P1  =  P0 * e
-(ua+kx)    

     =  2500 X e-(015 x 0.1 + 0.0008 x 27.1)   =   2409.9  kN  

  Pm  Pm  =  (Po- P1) / (ua+kx)    

     =  (2500 - 2409.9) =  2456.4  kN  

       (0.15 x 0.1 + 0.0008 x 27.1)   

    Elongation  =  (Pm*X*1000000)/(E of Strand*No of Strand*Area of Strand) 

     =  (2456 x 27.1 x 1000000)   =   201  mm.  

       (195000 x 12 x 141.7)   
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     Jacking  Force  Po  = 2500    KN    

   Elongation   =  201    mm.    

     Wedge  Draw-in  =  6    mm.    

     Elongation  in  jack  =  3    mm.    

     Elongation  =  210    mm.    

     Calibrated =  523    Bar    

                

                

 
600 

              

                         

 
500 

               

                 

 
400 

               

                 

 
300 

                   

                  

 
200 

                  

                   

 
100 

                 

                   

  

LO
AD

  (
BA

R)
 

 

                            

                    

 Elongation  (mm.)        

                

 Elongation  210  mm.  

                 
 

5 200  10 150 
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.4  

  

 Vertical Grade    (Bearing Pad) 

 (Horizontal Plane)  

 

 

    

  

 Point Load  

 

    

1.  2  

(Elev. A  Elev. B  .1)  Vertical Grade 

     ( )   ( )  

2.  2 

 (L0  .1) (  

 Sta.  2 ) 

3. : Zeta = tan-1 ((Elev. B - 

Elev. A)/ L0) 

4.    

 Vertical Grade 

 ( ) 

5.  (x0)  

sin(Zeta) (

  )  

6.  Zeta (L1)

 (L0)  cos(Zeta) 

7.   

 2  

 

 .1  Half-Joint 
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  .1  Half-Joint 

 

 ( ) 

-  Sta.    ; 

  P 01 (Elev. A) = 3.687 . 

  P 02 (Elev. B) = 4.447 . 

 Sta.  P 01 = 6+711.720 

 Sta.  P 02 = 6+729.720 

  (  P 01) = 4.322 . 

-  (L0) = (6+729.720) – (6+711.720) 

 = 18.000 . 

-  (Zeta) = tan-1((4.447 – 3.687)/ 18) 

 = 2.417 Degree 

-    (  P 01) = 4.322 . 

-  =  4.322 - 3.687 = 0.635 . 

-  (x0) =  0.635x(sin 2.417)x100 . 

 = 2.68 . 

-  (L1) = 18 / cos 2.417 . 

 = 18.016 . 

-  24 .  2  

    = 18.016 + 0.24 + 0.24 . 

 = 18.496 . 

CL of Bearing CL of Bearing 

to P n 

to P n + 1 

L0 ( ) 

L1 ( ) 

 

 
(x0 cm) 

(x0 cm) 

Elev. A 

Elev. B 

Zeta 
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       Camber 

 Joint   
 

.1  

    

    Material       3  

  

 
 

.1.1  

(1)   

  

Span      

 

(2)   

  Dead  load (Camber) 

 ( ) 

  Traffic  Direction  

 (Spacing)    Traffic  Direction  

,  

  

 Span      Span    

  Girder  (Girder  Type) 

 
 

.1.2  

(1)   Traffic  Direction  

  Grade   Grade  

  ( ) ( )   Traffic  Direction  

  Span    
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(2)   (Slump)  

 

(3)  

(4)    (

  Concrete Pavement)  

Traffic Direction  

  .1 

 

 
  .1  

 

 

.1.3  

(1) 

       1.5 – 2.0  

 

 

(2)  

     

 

(3) 

 

(4)  

TRAFFIC DIRECTION 
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(5) 

 

(6) 

  -   

 

 

  Cantilever Deck  

  

 

 

 

 
 

  .2   Cantilever Deck  Road Way  

 

 

 

Traffic Direction 
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.2  Camber  

 

 Camber of Slab Bridges : Due to Dead Load : Time Factor = 2.5 

 
 

 
 

 
 

 Camber   ( ( ) ) 
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Camber of Slab Bridges (Simple Span)  : Due to Dead Load : Time Factor = 2.5 

 

 
 Camber  (  ( ) ) 
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.3  (Joint) 

  Joint     

  

        Joint  

 

  Joint   

(1)   U 

 

(2)  Block Out  Joint 

 Joint  Joint  

(3)   Joint 

(4)   Joint  Joint  

 

 

(5)   Joint  
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.4  

 

EFFECT ON CONCRETE BY VARIOUS CHEMICAL AGENTS ACIDS 
 

 Material  Effect on concrete 

Acetic   Disintegrates slowly 

 Acid  waters  Natural  acid  waters  may  erode  surface  mortar, but  usually 

    action then stop 

 Carbolic  Disintegrates slowly 

 Humic   Depends on humus material, but may cause slow disintegration 

 Hydrochloric  Disintegrates 

 Hydrofluoric  Disintegrates 

 Lactic   Disintegrates slowly 

 Muriatic  Disintegrates 

 Nitric   Disintegrates 

 Oxalic   None 

 Phosphoric  Attacks surface slowly 

 Sulfuric   Disintegrates 

 Tannic   Disintegrates slowly 
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SALTS AND ALKALIES (SOLUTION) 
 

 Material  Effect on concrete 

Carbonates of  Ammonia 
               Potassium  None 
    Sodium 

 
Chlorides of  Calcium 

Potassium  None  unless  concrete  is  alternately  wet  and  
 Strontium   dry  with  Sodium the  solution. 

 
Chlorides of  Ammonia 

                   Copper    
        Iron   Disintegrates slowly 

 Magnesium 
             Mercury 

     Zinc 
Fluorides    None except ammonium fluoride 

 Hydroxides of  Ammonia 
             Calcium   None 
   Potassium 
   Sodium 
 Nitrates of Ammonium  Disintegrates 
   Calcium 
   Potassium  None 
   Sodium 
 Potassium permanganate   None 
 Silicates     None 
  
 Sulfates  of Aluminum 
   Calcium 
   Cobalt    
   Copper   Disintegrates however, concrete products  
   Iron   cured in high pressure steam are highly  
   Manganese  resistant to sulfates 
   Nickel 
   Potassium 
   Sodium 
   Zinc 
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PETROLEUM OILS 
 

 Material  Effect on concrete 

 Heavy oils* 
      Below 35 deg  None 
      Baume 
 Light oils*  None – Require impervious Concrete to 
      Above 35 deg prevent loss from penetration, and surface 
      Baume  treatments are generally used. 
 Benzine   None – Require impervious concrete to prevent 
 Gasoline  loss from penetration, and surface treatment 
 Kerosene  are generally used. 
 Naptha 
 High octane gasoline 
 

COAT TAR DISTILLATES 
 

 Material  Effect on concrete 

 Alizarin 
  Anthracene  None 
 Benzol 
 Cinamol 
 Paraffin 
 Pitoh   None 
 Toluol 
 Xylol 
 Creosote 
 Cresol   Disintegrates slowly 
 Phenol 
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VEGETABLE OILS 
 

 Material  Effect on concrete 

 Cottonseed  No action if air is excluded: slight disintegration if exposed to air 

  Raisin   None 

 Almond 

 Castor 

 Chian wood* *  Disintegrates surface slowly 

 Coconut 

 Linseed 

 Olive 

 Peanut    

 Poppy seed   

 Soybean** 

 Tung**   Disintegrates surface slowly 

 Walnut 

 Turpentine  None: considerable penetration 

 

 

FATS AND FATTY ACIDS (ANIMAL) 
 

 Material  Effect on concrete 

 Fish oil   Most fish oils attack concrete slightly 

 Foot oil 

 Lard an lard oil  Disintegrates surface slowly 

 Tallow and tallow 
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MISCELLANEOUS 
 

 Material  Effect  on  concrete 

 Alcohol   None 
 Ammonia  water 
 (Ammonium  hydroxide) None 
 Baking  soda  None 
 Beer   Beer will cause no progressive disintegration of concrete, but  in 

beer storage and fermenting  tanks  a  special  coating  is  used 
to guard  against  contamination  of  beer 

  
 Bleaching  solution Usually  no  effect 
 Borax, boric  acid, No  effect 
 Brine (salt)  Usually  no  effect  on  impervious  concrete 
 Buttermilk  Same   as  milk 
 Charged  water  Same  as  carbonic  acid ; snow  attack 
 Caustic  soda  No  effect  on  calcareous  aggregate  concrete 
 Cider   Disintegrates (see  acetic  acid) 
 Cinders   May cause some disintegration 
 Coal   Great majority of structures show no deterioration exceptional 

cases have been coal high in pyrites(sulfide or iron) and  
moisture 
showing some action but the rate is greatly retarded  by  deposit   
of an insoluble  film ;  action  may  be  stopped  by  surface  treatment 

 Corn  syrup  Disintegrates  slowly 
 Cyanide  solutions Disintegrates  slowly 
 Electrolyte  Depends  on  liquid 
 Formalin  Aqueous  solution  of  formaldehyde  disintegrates  concrete 

Fruit  juices Most fruit juices have little if any effect  as  tartaric  acid  and 
citric acid do not appreciably affect concrete ; floors under raisin  
seeding machines have  show  some  effect,  probably due to poor 
concrete 

 Glucose   Disintegrates  slowly 
 Glycerin  Disintegrates  slowly 

Honey   None 
 Lye   See  caustic  soda 

Milk Sweet milk should have no effect, but if allowed  to  sour  the 
lactic acid  will  attack 

 Molasses  Does  not  affect  impervious, throughly   cured  concrete ; dark, 



 

 

244

  partly  refined  molasses  may  attack  concrete  that  is  not 
  thoroughly  cured 

 Niter   None 
 Sal  ammonia  Same  as  ammonium  chloride ; causes  slow  disintegration 
 Sal  soda  None 
 Saltpeter  None 
 Sauerkraut  Little, if  any  effect 
 Silage   Attacks  concrete  slowly 

Sugar Dry  sugar  has  no  effect  on  concrete  that  is  thoroughly  
cured. sugar  solution attack  concrete. 

 Sulfite liquor  Attacks  concrete  slowly 
 Tanning  liquor  Depends  on  liquid : most  of  them  have  no  effect ; tanneries 
    using  chromium  no  effects 
 Trisodium  phosphate None 
 Vinegar   Disintegrates (see  acetic  acid) 
 Washing  soda  None 
 Whey   The  lactic  acid  will  attack  concrete 

Wine Many wine tanks with no  surface  coating  have  given  good 
result but  taste of first  batch may be affected unless concrete has  been 
given tartaric  acid  treatment 

 Wood  pulp  None 
* Many lubricating and other oils contain some vegetable oils. Concrete  exposed  to  such  oils  
should  be  protected  as  for  vegetable  oils. 
* Applied  in  thin  coats  the  material  quickly  oxidized  and  has  no  effect. Results  indicated  
above  are  for  constant  exposure  to  the  material  in  liquid  form. 

 

 

1.  Aggressive Chemical Agents  

.  

.  Preventive  Coating 

.  Cement   

2.      (Cure)  Aggressive  

Chemical  Agents  

3.    Sulfate   
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