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Problem Definition:

How to determine the production of 

dredging and other excavating

equipment.

Solution:

Based on the installed

excavating/cutting power and the

specific energy of the soil the

production can be determined.
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Definitions 2D Cutting Process
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Specific Energy Work Based
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Specific Energy Power Based
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Production Specific Energy Based
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Introduction

Soil Mechanics
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Sand
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Sand, Gobi Dessert
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Clay
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Quaternary Clay in Estonia
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Rock
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Utica Shale, Fort Plain, New York
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Soil Mechanical Parameters
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Mass Volume Relations
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Density Solids

Porosity

Bulk Density
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Angle of Internal Friction
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SPT Penetration, N-Value (blows/ 

foot)

Density of Sand φ  (degrees)

<4 Very loose <29 

4 - 10 Loose 29 - 30 

10 - 30 Medium 30 - 36 

30 - 50 Dense 36 - 41 

>50 Very dense >41 
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Tri-axial Test
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Angle of External Friction
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Cohesion/Adhesion
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SPT Penetration 

(blows/ foot)

Estimated 

Consistency

U.C.S.(kPa)

<2 Very Soft <24

2 - 4 Soft 24 - 48

4 - 8 Medium 48 - 96

8 - 15 Stiff 96 – 192

15 - 30 Very Stiff 192 – 388

>30 Hard >388
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Permeability
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Unconfined Compressive Stress
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The BTS Test
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Cutting Forces

Generic Model
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Forces on the Layer Cut
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• G: Gravity Force – Weight of the Soil Cut

• I: Inertial Force – Acceleration Force

• N: Normal Force Resulting from Normal Stress

• S: Friction Force Resulting from Frictional Stress

• K: Vectorial Sum Normal Force + Friction Force

• C: Cohesive Force Resulting from Shear Strength

• A: Adhesive Force Resulting from Sticky Effect

• W: Pore Pressure Force Resulting from Pore Pressures



Forces on the Layer Cut
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Resulting Equations
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Which Terms in Which Soil
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Saturated Sand
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Saturated Sand Resulting Equations
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Saturated Sand Dilatation
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Cavitation
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Saturated Sand Cutting Equations
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Non-Cavitating Equations

Cavitating Equations
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Saturated Sand Specific Energy
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Saturated Sand, the Factors c
1
, c

2
,  d

1, 
d
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Example Saturated Sand Cutting
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Clay Cutting
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Resulting Equations, Clay Cutting
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Resulting Equations, Clay Cutting
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Forces in Clay, SPT Relation
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Specific Energy in Clay, 60 Degree Blade
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Example Clay Cutting
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S u p p o s e  c o h e s io n  c = 6 0  k P a  a n d  a d h e s io n  a = 4 0  k P a .

T h is  g iv e s  a  d y n a m ic  c o h e s io n  c = 1 2 0  k P a  a n d  a d h e s io n  a = 8 0  k P a .

T h e  b la d e  h e ig h t  h  a n d  la y e r  th ic k n e s s  h  a r e  th e  s a m e .

T h e  k  f a c to r  is  8 0 /1 2 0 = 0 .6 7 .

T h e

3

 S P T  v a lu e  is  th e  c o h e s io n  d iv id e d  b y  6  g iv in g  S P T = 1 0 .

R e a d in g  f r o m  th e  g r a p h  g iv e s  a  s p e c if ic  e n e r g y  o f  a b o u t  3 0 0  k P a .

T h is  g iv e s  a  p r o d u c t io n  o f  3 .3 3  m / s  p e r  M W  in s ta l le d  p o w e r .

S u p p o s e  c o h e s io n  c = 3 0 0

d d

b i
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 k P a  a n d  a d h e s io n  a = 3 0  k P a .

T h is  g iv e s  a  d y n a m ic  c o h e s io n  c = 6 0 0  k P a  a n d  a d h e s io n  a = 6 0  k P a .

T h e  b la d e  h e ig h t  h  is  2 .5  t im e s  th e  la y e r  th ic k n e s s  h .

T h e  k  f a c to r  is  6 0 2 .5 /6 0 0 = 0 .2 5 .

T h e  S P T  v a lu e  is  th e



3

 c o h e s io n  d iv id e d  b y  6  g iv in g  S P T = 5 0 .

R e a d in g  f r o m  th e  g r a p h  g iv e s  a  s p e c if ic  e n e r g y  o f  a b o u t  9 0 0  k P a .

T h is  g iv e s  a  p r o d u c t io n  o f  1 .1 1  m / s  p e r  M W  in s ta l le d  p o w e r .



Rock Cutting
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Resulting Equations
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Hyperbaric Rock Cutting
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Resulting Equations
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Specific Energy 60 Degrees
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Example Rock Cutting
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S u p p o s e  a  r o c k  w ith  U C S = 2 0  M P a .

A tm o s p h e r ic  r o c k  c u tt in g :

I f  th e  B T S  (te n s i le  s tr e n g th )  is  s m a ll ,  f o r  e x a m p le  1  M P a

th e  c u tt in g  p r o c e s s  is  b r it t le  te n s i le  g iv in g  a  s p e c if ic  e n e r g y  o f  2 .5 -5  M P a . 

T h is  g iv e
3

s  a  p r o d u c t io n  o f  0 .2 -0 .4  m / s  p e r  M W  in s ta l le d  c u tte r  p o w e r .

I f  th e  te n s i le  s tr e n g th  is  h ig h , f o r  e x a m p le  5  M P a  

th e  c u tt in g  p r o c e s s  is  b r it t le  s h e a r  g iv in g  a  s p e c if ic  e n e r g y  o f  1 0  M P a .

T h is  g iv e s  a  p r o
3

d u c t io n  o f  0 .1  m / s  p e r  M W  in s ta l le d  c u tt e r  p o w e r .

H y p e r b a r ic  r o c k  c u tt in g :

T h e  te n s i le  s tr e n g th  d o e s  n o t  p la y  a  r o l e , o n ly  th e  w a te r  d e p th .

A t  a  w a te r d e p th  o f  1 0 0 0  m  th e  s p e c if ic  e n e r g y  is  a b o u t  2 0  M P a .

3

3

T h is  g iv e s  a  p r o d u c t io n  o f  0 .0 5  m / s  p e r  M W  in s ta l le d  c u tte r  p o w e r .

A t  a  w a te r d e p th  o f  2 0 0 0  m  th e  s p e c if ic  e n e r g y  is  a b o u t  3 0  M P a .

T h is  g iv e s  a  p r o d u c t io n  o f  0 .0 3 3  m / s  p e r  M W  in s ta l le d  c u tte r  p o w e r .
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Limitations of the Method
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• The production determined is only based on the

available cutting power.

• The production has to fit through/in the cutting device, 

for example the cutterhead, the draghead, the

clamshell, the backhoe, etc.

• The required forces/power have/has to be available, 

for example the swing winch forces/power (CSD) or 

the propulsion power (TSHD).

• The production determined has to match the slurry 

transport in case of a CSD or TSHD.
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Conclusions
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• The specific energy is a convinient tool to determine

the dredging production.

• However there are some limitations to this method.

• If there is a limitation to the production because of 

other reasons, this limitation should be applied.



Questions?
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