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1. Structural Slope Protection 
 Riprap Revetment (Hand- or Machine-Placed): 

Install graded stone revetment along exposed slopes and riverbanks to resist 
erosion, wave action, and localized scour. 

 Grouted Riprap / Stone Pitching: 
Apply in high-velocity or high-energy flow zones to minimize voids and prevent 
dislodgment. 

 Gabion or Mechanically Stabilized Earth (MSE) Walls: 
Construct retaining systems on steep or confined slopes to provide mass, lateral 
resistance, and long-term stability. 

 Toe Protection: 
Place riprap or gabion toe keys at the slope base to prevent undercutting and 
progressive failure. 
 

2. Surface Erosion Mitigation 
 Geotextile/Geomats: 

Install erosion-control blankets on freshly cut or filled slopes to minimize surface 
runoff erosion and to allow vegetation to establish. 

 Vegetative Cover: 
Grassing immediately after final grading to stabilize the upper soil layer and reduce 
runoff velocity. 
 

3. Drainage Control Measures 
 Surface Drainage: 

Provide lined catch drains, berm drains, and down-drains to direct runoff away from 
slope faces and prevent erosion gullies. 

 Subsurface Drainage: 
Install weep holes, perforated pipes, or granular subdrains behind retaining 
structures to relieve pore water pressure and avoid slope softening. 

 Diversion Channels: 
Construct diversion ditches above the slope to intercept and safely divert upstream 
runoff. 
 

4. Construction-Phase Controls 
 Temporary Slope Protection (During Works): 

Use tarpaulins, straw mats, or temporary geomats to protect exposed soil until 
permanent works are installed. 

 Sequenced Excavation & Filling: 
Carry out excavation in stages and compact fill in layers to avoid over-steepened 
temporary faces. 
 

 



 

  

 
 

 

 
 

 
 

 
 

 

 
 

 

 
 

 
  

 
  

 
 
 





 

  

 

 
 

 
 

 
 

 
 

 
 

 
 

 



 

  

 
 

 
 

 
 

 
  

 
 

 
 

 
 
 

 
 

 



 

  

 
 

  
 

 
 

 
 

 

 
  
  
  
  
 

 
  

 

 
 

 
 

 
 

  
 

 
 

  
 

 
 

 
 

 
 





 

  

 
 

  

 
 

 

 
 

 
 

 
 

 













 

  

  
 

  
 





 
 

  

 
 

 
 

 





 
 

  

 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 



















 
 

  

  
 

 
  
  
  
  

 
 

 
 

 

 

 
 

 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

  
  



 
 

  

 
 

 
 

 
  
  
  
  
  
  
 

 
 

 
 

 
 

 
 

  
 
 































 

  

  
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 
 

 
 

 
 

  
 

 
 
  
  
 

 
  
  

 
 

 
  
  



 

  

 
 
  
  
  
  
  
  
  
  
  
  
  
 

 
  

 

 
 
  
  
  
  
  
  
  

 

 
 

  
 

 
 
 

 
  
  
  
  
  



 

  

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 
 

 
  
 

 
  
  
  

 

 
 

 
 

 
 

 
 
  
  

 



 

  

 
 

 

 
 

 
 

 
 
  
  
  
  
  
  
  

 
 

 
  
  
  
  
  

 

 
 

 
 
  
  
  
 

 
 

 
 
  
  
  

 
 

 
 

 
 



 

  

  
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

  
  
  
  
  
  
 

 
 



 

  

 

 
 

  
 

 
 

  
 

 

 
 

 

 
 

 

 
 

 
 

 
 

  
  

 
 

  



 

  

 

 

 

 

  
 

 
 

 
 

  
 

 
 

  
  
  
  
  

 

 
 





 

  

  
 

 
 

 
 

 

 



 

  

 
 

 

 

 

 

 
 
 
 



 

  

 

 

 

 

 

  
 



















































 

  



 

  

  
 

  
 

 
 

 
 

 
 

 
 
 
 
 
 













 
 

  

 

  
 

 
 

 
 

 
 

 
 

 
 

















 
 

  

 
 







 
 

  

 
 

 





 

  

 

  
 

 
 

 
 

 

 











 
 

  

 
 

 









 
 

  

  
 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

 
 

 
 

 
 

 



 
 

  

 
 

 
 

 
 

 
 
 



 
 

  

 
 

 
 

 

 
  
  
  
  
 

 
  
 

 
  

 
 

 

 
 

 
 

 
 

 
 



 
 

  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



 
 

  

 

 
 

 
 

 
 

 



 
 

  

 
 

 





 

  

 
 

 

  
 

 
  

 
 

 
 

 
 

 
 

 
  
  
  
 

 
 

 
 

 
 

 
 

 
 

 
 



 

  

 
 

 
 

 
 

 
 

 
 

 
  
 

 
 

 
  

  
  
  

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

  



 

  

 

  
 

 
  
  
  
 

 
  
 

 

 
  
  
 

 
  
 

 
 

 
 

 
 

 
  
  
 

 
  



 

  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 
 



 

  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

 
 

 

 

 

 

 

 

 

 

 

 


