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Soil Creation
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Soil Classification

A soil textural triangle showing the subtle differences between
the USDA (colours) and UK- ADAS (black lines) soil classes
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Soil Classification

Diameter limits (mm)

Name of soil separate o
( classification)

Clay less than 0.002
Silt 0.002-0.05
Very fine sand 0.05-0.10
Fine sand 0.10-0.25
Medium sand 0.25-0.50
Coarse sand 0.50-1.00

Very coarse sand 1.00-2.00
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Rock Classification

Bedded rocks Foliated rocks Massive and crystalline rocks

SEDIMENTARY METAMORPHIC IGNEOUS
| ‘S(.mqtmn

GNEISS  |massive |
i | GRANITE | DIORITE | GABBRO

widely spaced folaton I |
wrﬂ:uw:h l-c:q'ou bands (12) (1 .2) (‘3)

MIGMATITE

mixture of gne'ss
and veins of igneous 1ock

CONGLOMERATE
(rounded partickes
n a fmer matrix) Coarse
BRECCIA
(angular particles
n a fner matrx)

RUDACEOQUS

calcirudite
conglomerale kmestone

PERIDOTITE

SANDSTONES

(Quartz) ARENITE
Quartz grains and
sdcecs cement

Halite, gypsum, anhydnite

COAL & LIGNITE

MICRO- | MICRO- DOLERITE |
GRANITE | DIORITE ) Medium
(12) (1,2)
(Porphyry)* (Porphyry)* (Porphyry)*

SCHIST

Well doveloped folaton
generaly much mica

limostono

(Quartz) ARKOSE
Z Many leldspar grains
usually with some mca
<« (Quartz)grey) WACKE
Many rock chips

SILTSTONE
Montly sit

calcarenit
delrital
SERPENTINITE
AMPHIBOLITE
< —
“*  QUARTZITE

METAMORPHOSED LIMESTONE (Marble)

PHYLLITE

Closely spaced follaton, mica
luster, but crystals not vsible
wh handlers

SLATE

nar ow spaced well de
pane of folation, (mica is absent,

s:(%g Mylonite Obsidian

CLASTIC LIMESTONE

RHYOLITE | ANDESITE | BASALT
G4 L | e

CLAYSTONE
Maatly clay
(mass.ve texture)

EVAPORITES
HOINF"E LLS

CRYSTALLINE LIMESTONE & Dolomite

ARGILLACEOUS
e rmnqq kmestone

fﬁng'

SHALE
0()“2 ('“it e nty 0)

! rocks with mixed composition (Clark and Walker 1977) **

]
°
L
©
o
2
3
S
©
o

x:
o
[
x

Armorphous

o

Flint, Chert

CLASTIC CRYSTALLINE| Organic CRYSTALLINE

| e
Carbon Folisted rocks may be beyered or banded. This banding ngl“ <’__\__., CO[ OUR => Dafk

: s f':‘ryb:ub.:.'h'.ng mmw&dr.::eplmlhcmol -

SILICEOUS | CALCAREOUS | [*™Roissaiedmsiie™™ | Quanzrich Quartz poor

GENERAL NOTES:  Bedding in sedimentar mc}u may not, because ol’n s spacing, be seen in MODE OF OOCURRENCE OF IGNEOUS ROCKS:

hand specimen but only in cutcrop. Fossil snuy)hc found in sed mentary rocks mineral 1. Batholiths 2. Stocks 3. Sills and dykes 4. Lavaflows

caleite, in calcarcous rocks, may be scratched with a knife, and will react with dilute hydrochloric acid * Porphyrs , n which some mineral grains are very much larger

Quartz scratches sieel.  Broken crystals in crystalline rocks refloct light. &ﬁxﬁwﬁ;m‘;\xﬁml @:::':ri'z'; :mbTi'iC“-

** giiceous and calcarecus components are present (e g. siceous fine grained limestone)
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Particle Size Distribution

Cumulative Grain Size Distribution

COONRGE

res
Original
;’ d15:.05 mm
d5p=.15mMm

dgs=.30nm

Hopper

d45=.07mm
dsp=-17nmm
dg5=.33nmm

Overflow
ds5p= .06mm
5= A6mm

Dredged

d45=.05mm
dsp= J5mm
dgg5= .30mm

0.1

Grain size in mm
Original PSD Loaded PSD OverflowPSD DredgedPSD

s e O O =y O

Trailing Suction Hopper Dredge V1.4.3, Augud 02, 2011, 1458:35

Manhattan Idand (C\ProgramFileaTrailing Sucion Hopper Dredge \TSHDGLDDWanhattan Island.Inp)
Excersise (CAProgramFilesiTrailing Sudion Hopper Dredge'Sand\NagsHead 0.413(0.712).Inp)
Optimumproduction: 2493 TDS, loaded in: 30.5 min, overflowlosses 542 TDS
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Parameters
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Atterberg Limits

Plastic Limit
Liquid Limit

[8]
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Mass Volume Relations

Density

Specific Gravity
Relative Density
Porosity — Void Ratio
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Relative Density vs SPT Value

SPT values versus relative density.
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Permeability

k (cm/s) 10! 10°=1 > 11073 |107* |]10°° 1077 1078
k (ft/day) 10,000 [1,000 1 0.1 10.01 0.0001 107

Relative
Permeability

Pervious Semi-Pervious Impervious

Aquifer Good Poor None
Unconsolidated Well Sorted | Well Sorted Sand or| Very Fine Sand, Silt,
Sand & Gravel Gravel Sand & Gravel Loess, Loam

Unconsolidated
Clay & Organic

Peat Layered Clay Fat / Unweathered Clay

01l Reservoir Fresh Fresh Fresh

2 Limestone, .
Rocks Sandstone s Granite
Dolomite

Consolidated Rocks | Highly Fractured Rocks

Permeability Pervious | Semi-Pervious | Impervious
Unconsolidated Well Sorted |Well Sorted Sand or| Very Fine Sand, Silt,
Sand & Gravel Gravel Sand & Gravel Loess, Loam

Unconsolidated
Clay & Organic

Peat Layered Clay Unweathered Clay

. Fresh
Consolidated Highly Fractured Rocks |Oil Reservoir Rocks Fresh Limestone., Fres_h
Rocks = Sandstone Dolomite Granite

K (em?) 0.001(0.0001 {107 |107¢ |1077 107¢ [IO™[E0°* 1071 11e7%= (107> 167 107
K (millidarcy) 10°% ({1077 |107° {107 |10,000 |1,000 {100 |10 |1 0.1 0.01 ]0.001{0.0001

“3
TUDelft

Delft University of Technology

Faculty of 3mE - Dredging Engineering

Offshore & Dredging Engineering



Angle of Internal Friction

SPT Penetration, N-Value (blows/ Density of Sand ¢ (degrees)
foot)
<4 Very loose <29
4-10 Loose 29 - 30
10 - 30 Medium 30 - 36
30 -50 Dense 36 -41
>50 Very dense >41

Friction angle versus SPT vaue.
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Angle of intemal friction in degrees

40 50 60 70 80 20
SPTvalue in blows/305 mm
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Rock
Sedimentary
Shale
Sandstone
Limestone
Dolomite
Marble
Metamorphic
Gneiss
Amphibole
Igneous
Basall
Granite
Diabase
Gabbro
Diorite
Pyroxenile
Anorthosite

Granodiorite

Mantle
Peridotite
Dunite

Density (kgm-3)

2100-2700
2200-2700
2200-2800
2200-2800
2200-2800

2700
3000

2950
2650
2800
2850
2800
3250
2750
2700

3250
3250

Angle of Internal Friction Rock

Limestone, gabbro

Weber sandstone, fauited

Weber sandslone, saw cul

Greywacke, sandslone, quartzite, granile
Granite, gabbro

Plaster in joint of quartz monzonite
Quartz monzonite joints

Granile

Granodiorite

Gnelss and mylonite

I T |
80 90

Faculty of 3mE - Dredging Engineering




Angle of External Friction

20 |steelpiles (NAVFAC)
USACE

2
steel (Broms)
0

3

OO
OO

2 ) concrete (Broms)

2
[P

A Lindeburg

for concrete walls (Coulomb)

ThelfE Univarsity of Techiology Faculty of 3mE - Dredging Engineering

Offshore & Dredging Engineering



Cohesion/Adhesion

SPT Penetration Estimated U.C.S.(kPa)
(blows/ foot) Consistency
<2 Very Soft <24
4 Soft 24 - 48
8 Medium 48 - 96
15 Stiff 96 — 192
15-30 Very Stiff 192 — 388
>30 Hard >388

2 -
4 -
8 -
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Unconfined Compressive Stress

Stress-strain diagra
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Unconfined Tensile Strength
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Brazilian Tensile Strength

Brazilian split test
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Brittle vs Ductile

Ductile

Brittle-Ductile

Brittle

Brittle

$,=-5, | s, ‘5; +3
m S, > 0 ﬂ S5 = Shn
= e <+ —P — —>
|

!

Tensile Tensile Axial discrete Shear
Puilyre Enihys tensile Shear plane belt

Increasing confining pressure

[19]
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Testing
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Standard Penetration Test

63.5kg Drop
Hammer
Repedtedly
Faling0.78 m

Arndl

Borefhoke

¢

===

Standard Penetration Test (SPT)
Per ASTM D 1586

#

Need to Correct to a Reference
Energy Efficiency of 60%
(ASTMD 4633)

Drifi Rod
CN’or
“an Type )

Spit-Barrel
{Dxive) Sampler
[Thick Hollow
Tube}
0.0.=8 mm
1.D.=35 mm
L= 70mm

Sedting

R P gy N T e T

Wk,

First Increment

| PP S P el g A S,

No. of Blows
r 0.3 meters

N=
e

|0.15m | 0.15 m | 0.15 m I

Hollow Sampler Drivenin
2 Successive Increments
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Note: Occasional
Fourth hicramemt Used
to provide additonal
soil material

SPT Resistance (M -value)
or “Blow Counts” is total
number of blows to drive-
sampler last 300 mm (or

blows per foot).
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Cone Penetration Test

v‘) Cablke to Computer

Electric Cone
Penefometer 1. Saturation of Cone Tip Cavities
with 60 Apex: and Placement of Pre Saturated
d =36 mm (10 em?) Porous Filter Element.
or 2. Obtain Baseline Readings for
d =44 mm (15 em?) Tip, Sleeve, Porewater Trans ducer,
& Inclinometer Channels

Cone Penetration Test (CPT)

per ASTMD 5778 procedures

laclinometer

f. = sleevefriction

U, = porewater pressure
«€— a,= net arearatio (from triaxial calibration)

. = measured tip stress or coneresistance

AAA

(}, = comected tip stress =q. + (1-aju,

Continuous
Hydraulic Push
& 20 mm's; Add
rodevery 1 m.

Cone Rod
(36~ rtint diam.)

Readings taken
every 10 to 50 met
f.

u,
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Cones
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Tri-axial Test

Triaxial apparatus
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Tri-axial Test

Strain gauge

pressure
sensor

Drainage-
to-volume change
sensor

Pore pressure
sensor
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Direct Shear Test

SHEAR CELL

. F i
|
B 4. .

Wi,

WALL LINING MATERIAL

E02-YIELD LOCUS FOR SURFACE OR WALL YIELD LOCUS (WYL)
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Vane Shear Test

| at Bottorn of
[ B orehole

* | Pushin Vane I'!/ Torquemeter

| Lower Yane
to Bottom of
Prebored
"Hole

blade thickness = e

1. Insertion of Vane nute, rotate 4. Measure residual
vane at 6 deg./minute; additional 8 to torque T, for
Measure peak torque, T, . 10 revolutions remolded case

.Vane Shear Test (VST) per ASTM D 2573:
Undrained Shear Strength: S, = 6 T{7xD’) ForH/D=2
In-Situ Sensitivity: S, =S, (peak)/S,, (remolded)
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Questions?
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Sources images

A model cutter head, source: Delft University of Technology.

Off shore platform, source: Castrol (Switzerland) AG

Off shore platform, source: http://www.wireropetraining.com

Fox Glacier, New Zealand (1986), source: Wikimedia Commons/Ot

Soil textural triangle, source: Creative Commons/Greenman-23

Aid to identification of rock for engineering purposes, source: After BS 5930:1981.
Laboratory sieves; 1700 pm, 500 pm, 250 um (from left), author: BMK/Wikipedia,
source://commons.wikimedia.org/wiki/File:Laboratory_sieves_BMK.jpg

8. Liquid limit device, source: Wikimedia Commons/E smith2000

9. Soil Composition Cassagrande device, source: geomlab.com

10. Soil phase diagram, source: Wikimedia Commons/Sjhan81

11. Source: unknown.

12. Coefficients of internal friction for a variety of rock types, source: Wijermars (1997-2011).
13. A UCS test facility, source: Colorado School of Mines.

14. The stress strain relation during a UCS test, source: Vlasblom (2003-2007).

15. Unconfined, sourcé: own work.

16. Bending, source: Vlasblom (2003-2007).

17. The Brazilian split test, source: Vlasblom (2003-2007).

18. Failure diagrams ductile-brittle, source: Vlasblom (2003-2007).

19. Brittle failure types, source: Vlasblom (2003-2007).

20. The Standard Penetration Test, source: http://geosystems.ce.gatech.edu.

21. A typical CPT test setup, source: http://geosystems.ce.gatech.edu.

22. Several cone configurations, source: http://geosystems.ce.gatech.edu.

23. The Triaxial apparatus cross-section, source: http://environment.uwe.ac.uk.

24. The Triaxial apparatus, source: http://www-odp.tamu.edu.

25. The direct shear test, source: A.W. Roberts et al, The University of Newcastle, Australia.
26. The vane shear test, source: http://geosystems.ce.gatech.edu.
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