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Mohr Circle 1

Vertical Equilibrium of Forces
o, [tos(a) = o kos(a ) + T Ein (o)

Horizontal Equilibrium of Forces
o, Gin(a) =oGin(a)-1os(a)
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Mohr Circle 2

o, [os(a) Bos(a) = g [tos(a) os(a) + 1 Bin(a) [tos(a)

o, Gin(a)Gin(a)=oGin(a)GEin(a)-1os(a)GBin(a)

o, [os’(a)+o, Bin*(a)=0

_ 1-cos(2[®)
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Mohr Circle 3
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Mohr Circle 4
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Mohr Circle 5
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Mohr Circle From Triaxial Tests
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Mohr Circle With Cohesion

t=c+o-tan(p)
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Mohr Circle From Triaxial Tests

t=c+o-tan(¢)
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Active Soil Failure
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Active Soil Failure 1
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Active Soil Failure 2

No coheson = c=0
No adhesion = a=0
Smooth wall = 06=0

Horizontal = F+S[tos(B)-NGin(B)=0
Vertical = G-N[os(B)-SGEin(B)=0
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Active Soil Failure 3

f =sin(B)os(B-¢) = F maximum if f maximum
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Intermezzo
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Active Soil Failure 4

_1-sing
1+sing

=tan®(45-¢/ 2)
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Passive Soil Failure 1
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Active Soil Failure 5

‘ [Failure plane is at
45 + ¢/2 to horizontal
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Passive Soil Failure
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Passive Soil Failure 2

No coheson = c=0
No adhesion = a=0
Smooth wall = 06=0

Horizontal = F-S[eos(B)-NGEin(B)=
Vertical = G-NU[@os(B)+SGEin(B) =
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Passive Soil Failure 3

F=GOan(¢ +B)

f =sin(B)kos(B+¢) = F minimum if f maximum
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Intermezzo
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Passive Soil Failure 4

df df .
d_B_COS(ZHB-l_q)) d—[32=_2|:$|n(2|:[3+(|))

_1+sin¢

= =tan’(45+¢ / 2
1-sino (o+e/2)
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Passive Soil Failure 5

Failure plane 1s at
45 - ¢/2 to horizontal
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Active & Passive Soil Failure
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Active & Passive Soil Failure, Cohesion

t=c+o-tan(¢)
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Cutting Mechanisms
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Hatamura Chijiiwa Equipment

© MBucket
(b) Power shovel

(c) Scraper

(d) Earth-auger
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Hatamura Chijiiwa Test Facility

Vv=0. l"'O 3cm/sec

25cm 2.5¢m
‘- 4- —M

Miniature soil bin Cutting blade
Depth 11cm | (Length Scm )

| Length 25[m) Width 4. Tcm
Width  Scm, -

Flg 2 Apparatus for mvestlgatmg the deformation.
of soil by cutting.
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Hatamura Chijiiwa Dry Quarts Sand

(a) Dry quartz sand
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Hatamura Chijiiwa Wet Quarts Sand
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(b) Wet quartz sand
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Hatamura Chijiiwa Plastic Bentonite
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(c) Plastic bentonite

%
TUDelft

Delft University of Technology

Faculty of 3mE - Dredging Engineering

Offshore & Dredging Engineering




Hatamura Chijiiwa Plastic Loam

(d) Plastic loam
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Hatamura Chijiiwa Plastic Clay

(e) Piéétic ‘clay
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Hatamura Chijiiwa Compacted Loam
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(f) Compacted loam
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Hatamura

Shear line
disappears

4

/
Shear lLine appears

(a) Appearance of shear line

Blade face

Shear Line appearing
discretely

(b) Accumulation of chips

Fig. 4 Shear type

Chijiiwa Failure Types

Shear line stays
in this pasition

Fig. 5 Flow type

S

Primary crack

Secondary
crack

Fig. 6 Tear type
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iwa Mohr Circles
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(2) Plastic bentonite (4) Plastic clay
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(3) Plastic loam T : shearing stress (5) Compacted loam
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d; © tensile strength

Fig. 11  Failure conditions of soils
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Hatamura Chijiiwa Conditions

Shearing .

(Sand) fensile strength lensile strength . Tensile strength

7 : shearing stress c<|o,l c<lo,| Cc>|o,|
7 @ tensile strength (plastic bentonite) (plastic loam etc.) (compacted loam etc.)
(1) Shear type (2) Flow type (3) Tear type

Fig. 12 Relationship between cutting types and failure conditions of soils
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Hatamura Chijiiwa Stresses

Maximum principal
stress trajectory
(Compression)

Cutting blade

Cut surtace
(Machined surface)

AN
Minimum principal \
stress trajectory Minimum principal
(Compre sSion ) stress trajectory
( Tension or zero)

1g. 14 Idealized distribution of principal stresses
in soil produced by cutting
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Hatamura Chijiiwa Mechanisms

Plastic Loam

/ Plastic Loam
Plas ic bentomte) (

(Sand) Compacted Loam Plastic pentonite

2 T’ } . Y+ Flow e
d, 61 dt 0 O —/ !
> ’ -‘ *a
' kSand\ Shear tvpe
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J  \ ©
Olon_Jo1  Of& Jo, |

{ Compacteo Loam?
J}T

Tear type

‘~ > AT = ﬁ
stress traectory stress trajectory

Maximum principal  Minimum principal

(1) Distribution of principal stresses in  (2) Mohr’s stress circles  (3) Failure conditions  (4) Cutting patterns
soil produced by cutting and main expressing the stress of soils
zone determining cutting patterns ~ condition in soli

“3
TUDelft

Delft University of Technology

Faculty of 3mE - Dredging Engineering

Offshore & Dredging Engineering



“3
TUDelft

Delft University of Technology

Offshore & Dredging Engineering

A
-{: ruptuf“e ‘-‘ne

¢ | shearing
Ot M
Tensile - )

rupture .

Fig. 17 Relationship betwéen rupture conditions and
stress situations'in soil presenting flow type

Tensiie rupture

(b) Plastic bentonite etc. 7 _ VTens.iLe ruptare -

Fig. 16 Relationship between failure conditions and Fig. 18 Relationship between failure conditions and
stress situations in soil presenting shear type stress situations in soil presenting tear type
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Hatamura Chijiiwa Dry Sand 30 deg.
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Hatamura Chijiiwa Dry Sand 45 deg.
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(b) Cutting angle
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Hatamura Chijiiwa Dry Sand 60 deg.
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(c) Cutting angle a=60°
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Hatamura Chijiiwa Dry Sand 75 deg.
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Hatamura Chijiiwa Dry Sand 90 deg.
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(e) Cutting angle a=90°
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Hatamura Chijiiwa Plastic Loam 30 deg.
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(a) Cutt
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Hatamura Chijiiwa Plastic Loam 45 deg.

(b) Cutting angle a =45°
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Hatamura Chijiiwa Plastic Loam 60 deg.

(c) Cutting angle a=60°
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Hatamura Chijiiwa Plastic Loam 75 deg.

(d) Cutting angle «a =75
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Hatamura Chijiiwa Plastic Loam 90 deg.

(e) Cutting angle o =9Q°
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Definitions
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Cutting Mechanisms

L [ In

The Tear Type

The Shear Type
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Cutting Forces
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Forces on the Layer Cut
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Forces on the Blade
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Moments

TUDelft

Delft University of Technology

Faculty of 3mE - Dredging Engineering

Offshore & Dredging Engineering



Resulting Equations

W, SIin(a+[+¢)+W, [Ein@ )+GLLInG+¢ )
B sinf@ + B+ +¢)

K>

+| [cos@ )+ CLlcos¢ y Allcost+L5+¢ )
sin@++0+¢)

F, =-W, [Sin(a )+ K, [Sin@ + 0 )+ ALlcosq

=g -, =W, [dos@ )+ K, Llcosg +0 ) ALlsing
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Vector Diagram
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Which Terms in Which Soil

| [ Gravity | Inertia____| PorePressure Cohesion |  Adhesion | rictién |

Dry sand

Saturated
sand

A N —
Atmospheric

rock

Hyperbaric

rock
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Cutting Forces with Wedge

B |
TUDelft

Delft University of Technology

Faculty of 3mE - Dredging Engineering

Offshore & Dredging Engineering



A Wedge in Dry Sand
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Wedge Definitions
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Forces on Layer Cut
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Forces on the Wedge
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Forces on the Blade
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Moments on the Wedge
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Snow Plough Effect
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Snow Plough Effect
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Snow Plough Velocities

A-B

Vo=VCos(t)

B o

Vr2
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Snow Plough Forces

A-B

Vo=VyCos(1)

B o

Vr1 Vr2
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Effective Friction & Shear Stress

tan(¢.) =tan(¢) Ecos{atn(

tan (&) = tan () m:os(atn(://

C. =C E:os[atn[

g = aIZI:os(atn[
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Wear and 3D Effects
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Forces on the Blade
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3D Effects
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Questions?
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Sources images

1. A model cutter head, source: Delft University of Technology.
2. Off shore platform, source: Castrol (Switzerland) AG

3. Off shore platform, source: http://www.wireropetraining.com
4. Diagram of the failure pattern with Rake angle 120, source: TUDelft/S.A.Miedema
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