


g  D e s c r i p t i o n

C a t a l o g  D e s c r i p t i o n

�Geologic overview

�Soil composition

�Soil type and 
structure

�Index properties

�Classification

�Site investigation 

�Subsurface flow

�Flow nets

�Drainage

�Subsurface stresses

�Settlement

�Shear strength

�Slope stability 



�Textbook

� McCarthy, D.F., Essentials of Soil Mechanics, 6th 
ed, 2002, Prentice Hall, Columbus, Ohio.

� Will use the same textbook in “Foundations” 
Course

�Reference Books

� NAVFAC DM 7.01, Soil Mechanics.  Naval 
Facilities Engineering Command, Alexandria, 
Virginia, 1986.

� EM 1110-2-1906, Laboratory Soils Testing.  
Department of the Army, U.S. Army Corps of 
Engineers, Washington, DC, 1986.

� Available from vulcanhammer.net website



�Homework: 35%

� Due date for homework assignments will be 
announced when assignment is given.

� Homework turned in after due date will have 10% 
deducted from grade for each class period late.

� Homework turned in after last class session will be 
given a grade of zero.

�Two (2) Tests @ 20% Each: 40%

�Final Examination: 25%



�All homework and tests must be on 
engineering paper.

�Homework and tests must conform to format 
given in syllabus.  Failure to do so will result 
in reduced credit.

�Each time you use an equation, write down 
what it is: don't just put a bunch of numbers 
on the page and expect anyone to know what 
you did.  This too will result in reduced credit.



�Soil

� Naturally occurring mineral particles which are 
readily separated into relatively small pieces, and 
in which the mass may contain air, water, or 
organic materials (derived from decay of 
vegetation).

�Rock

� Naturally occurring material composed of mineral 
particles so firmly bonded together that relatively 
great effort is required to separate the particles 
(i.e., blasting or heavy crushing forces).



y p e s  o f  R o c k s

T y p e s  o f  R o c k s

�Igneous
rocks

�Sedimentary
rocks

�Metamorphic
rocks



g n e o u s  R o c k s

I g n e o u s  R o c k s

�Definition

� Rocks formed by the solidification of molten 
material, either by intrusion at depth in the earth's 
crust or by extrusion at the earth's surface.

�Examples

� Acidic (high silica content) → sandy or gravelly 
soils

� Granite (contains quartz and feldspar w/mica)

� Basic (low silica content) → clay soils

� Basalt (contains feldspar and augite with green olivine)

� Intermediate → fine textured soils

� Diorite (similar to granite except little or no quartz)



y  R o c k s

S e d i m e n t a r y  R o c k s

�Definition

� Rocks formed by deposition, usually under water, 
of products derived by the disaggregation of pre-
existing rocks.

�Types

� Shales ← clay and silt particles

� Sandstones

� Limestone (Karst topography)

� Dolstone (marl, chalk)



�Definition

� Rocks that may be either igneous or sedimentary 
rocks that have been altered physically and 
sometimes chemically by the application of intense 
heat and pressure at some time in their geological 
history

�Types

� Coarse crystalline (gneiss)

� Medium crystalline (schist, marble, soapstone)

� Fine to microscopic (slate, anthracite coal)



y i n g  R o c k s

M e t h o d s  o f  C l a s s i f y i n g  R o c k s

�Visual Classification

� Weathering Classification

� Discontinuity Classification

� Colour and Grain Size

� Hardness Classification

� Geological Classification

�Classification by Field Measurements and 
Strength Tests
� Strength

� Rock Quality Designation and Velocity Index



y  D e s i g n a t i o n  ( R Q D )

R o c k  Q u a l i t y  D e s i g n a t i o n  ( R Q D )

�Based on a modified core recovery procedure

� Li = length of a given
recovered piece ��4”

� Lt = total length of
core sample

�Velocity index

� Square of the ratio of the field compressional wave 
velocity to the laboratory compressional wave 
velocity

� Typically used to determine rock quality using 
geophysical surveys

RQD�
� Li

Lt



y  D e s i g n a t i o n  ( R Q D )

R o c k  Q u a l i t y  D e s i g n a t i o n  ( R Q D )

RQ D % V ELO CITY  IN D EX RO CK  M A SS Q U A LITY
90 - 100 0.80 - 1.00 Excellent
75 - 90 0.60 - 0.80 G ood
50 - 75 0.40 - 0.60 Fair
25 - 50 0.20 - 0.40 Poor
0 - 25 0 - 0.20 V ery Poor



�Core run of 60 
inches

�Total core recovery 
= 50 inches

�Core recovery ratio
= 83%

�On modified basis,  
34 inches are 
counted

� RQD = 34/60
=56 %
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y p e s

B a s i c  S o i l  T y p e s

�Sedimentary Soils

� Residual

� Organic

�Transported Soils

� Alluvial

� Aeolian

� Glacial

� Marine

� Colluvial

� Pyroclastic



y  S o i l s

S e d i m e n t a r y  S o i l s

�Residual Soils: Material formed by 
disintegration of underlying parent rock or 
partially indurated material.
� Sands

� Residual sands and fragments of gravel size formed by 
solution and leaching of cementing material, leaving the 
more resistant particles; commonly quartz.

� Generally favourable foundation conditions.

� Clays
� Residual clays formed by decomposition of silicate 

rocks, disintegration of shales, and solution of carbonates 
in limestone.

� Variable properties requiring detailed investigation. 
Deposits present favourable foundation conditions except 
in humid and tropical climates.



y  S o i l s

S e d i m e n t a r y  S o i l s

�Organic Soils: Accumulation of highly 
organic material formed in place by the 
growth and subsequent decay of plant life
� Peat. A somewhat fibrous aggregate of decayed 

and decaying vegetation matter having a dark 
colour and odour of decay.

� Muck. Peat deposits which have advanced in stage 
of decomposition to such extent that the botanical 
character is no longer evident.

�Very compressible. Entirely unsuitable for 
supporting building foundations.



�Alluvial Soils: Material transported and 
deposited by running water.
� Floodplain deposits. Deposits laid down by a 

stream within that portion of its valley subject to 
inundation by floodwaters.

� Point Bar: Alternating deposits of arcuate ridges and 
swales (lows formed on the inside or convex bank of 
mitigating river bends.)

� Channel Fill: Deposits laid down in abandoned meander 
loops isolated when rivers shorten their courses. 

� Backswamp: The prolonged accumulation of floodwater 
sediments in flood basins bordering a river. 

� Generally favourable foundation conditions, with 
important  exceptions; frequently require deep 
foundations



�Alluvial Soils (continued)

� Alluvial Terrace deposits.
� Relatively narrow, flat-surfaced, river-flanking remnants 

of flood plain deposits formed by entrenchment of rivers 
and associated processes.

� Usually drained, oxidised. Generally favourable 
foundation conditions.

� Estuarine deposits.
� Mixed deposits of marine and alluvial origin laid down in 

widened channels at mouths of rivers and influenced by 
tide of body of water into which they are deposited.

� Generally fine-grained and compressible. Many local 
variations in soil conditions.



�Alluvial Soils (continued)

� Alluvial-Lacustrine deposits.
� Material deposited within lakes (other than those 

associated with glaciation by waves, currents, and organo-
chemical processes.

� Clays are frequently varved, i.e., layered by the annual 
deposition of material

� Usually very uniform in horizontal direction. Fine-
grained soils generally compressible.

� Piedmont deposits
� Alluvial deposits at foot of hills or mountains. Extensive 

plains or alluvial fans.

� Generally favourable foundation conditions.



�Alluvial Soils 
(conclusion)
� Deltaic deposits.

� Deposits formed at the 
mouths of rivers that result 
in extension of the 
shoreline.

� Generally fine-grained and 
compressible. Many local 
variations in soil 
condition.



�Aeolian Soils: Material transported and 
deposited by wind. 
� Loess

� A calcareous, unstratified deposit of silts or sandy or 
clayey silt traversed by a network of tubes formed by 
root fibres now decayed.

� Relatively uniform deposits characterised by ability to 
stand in vertical cuts. Collapsible structure. Deep 
weathering or saturation can modify characteristics.

� Dune sands
� Mounds, ridges, and hills of uniform fine sand 

characteristically exhibiting rounded grains.

� Very uniform grain size; may exist in relatively loose 
condition.



�Glacial soils: Material transported and 
deposited by glaciers, or by meltwater from 
the glacier.
� Glacial till

� An accumulation of debris, deposited beneath, at the side 
(lateral moraines,) or at the lower limit of a glacier 
(terminal moraine.) Material lowered to ground surface 
in an irregular sheet by a melting glacier is known as a 
ground moraine

� Consists of material of all sizes in various proportions 
from boulder and gravel to clay. Deposits are 
unstratified. Generally present favourable foundation 
conditions; however, rapid changes in conditions are 
common.



�Glacial soils (continued)

� Glacio-Fluvial deposits
� Coarse and fine-grained material deposited by streams of 

meltwater from glaciers. Material deposited on ground 
surface beyond terminal of glacier is known as an 
outwash plain. Gravel ridges known as kames and eskers.

� Many local variations. Generally, these present 
favourable foundation conditions.

�Glacio-Lacustrine deposits
� Material deposited within lakes by meltwater from 

glaciers. Consisting of clay in central portions of lake 
and alternate layers of silty clay or silt and clay (varved 
clay in peripheral zones.

� Very uniform in a horizontal direction.



�Marine Soils: Material transported and 
deposited by ocean waves and currents in 
shore and offshore areas. 
� Shore deposits

� Deposits of sands and/or gravels formed by the 
transporting, destructive, and sorting action of waves on 
the shoreline.

� Relatively uniform and of moderate to high density.

� Marine clays
� Organic and inorganic deposits of fine-grained material.

� Generally very uniform in composition. Compressible 
and usually very sensitive to remoulding.



�Colluvial Soils: Material transported and 
deposited by gravity.
� Talus

� Deposits created by gradual accumulation of unsorted 
rock fragments and debris at base of cliffs.

� Previous movement indicates possible future difficulties. 
Generally unstable foundation conditions.

� Hillwash
� Fine colluvium consisting of clayey sand, sand silt, or 

clay.



�Pyroclastic Soils: Material ejected from 
volcanoes and transported by gravity, wind 
and air.
� Ejecta

� Loose deposits of volcanic ash, lapilli, bombs, etc.

� Typically shardlike particles of silt size with larger 
volcanic debris. Weathering and redeposition produce 
highly plastic, compressible clay. Unusual and difficult 
foundation conditions.

� Pumice
� Frequently associated with lava flows and mudflows, or 

may be mixed with nonvolcanic sediments.



�Expansive Soils

�Collapsing Soils

�Permafrost and Frost Penetration

�Man-made and Hydraulic Fills

�Limestone and Related Soils

� Karst Topography

� Calcareous Soils

�Quick Clays

�Dispersive Clays

�Submarine Soils



�Expansive soils are distinguished by their 
potential for great volume increase upon 
access to moisture.

�Soils exhibiting such behaviour are mostly 
Montmorillonite clays and clay shales.

�Expansive soils can be identified by either 
their plasticity limit or a swell test



g  S o i l s

C o l l a p s i n g  S o i l s

�Collapsing soils are distinguished by their 
potential to undergo large decrease in volume 
upon increase in moisture content even without 
increase in external loads.

�Examples:

� Loess

� Weakly cemented sands and silts where 
cementing agent is soluble (e.g., soluble 
gypsum, halite, etc.)

� Certain granite residual soils.

�Deposits of collapsible soils are usually 
associated with regions of moisture deficiency.



�Volume Increase from underground ice 
formation leads to heave of structure
� In non-frost susceptible soil: Typically 4% 

(porosity 40%, water volume increase in turning to 
ice = 10%, total heave = 40% x 10% = 4%).

� In susceptible soil heave is much greater as water 
flows to colder zones (forming ice lenses).  The 
associated loss of support upon thaw can be more 
detrimental to structure than the heave itself.

�Silts are the most susceptible to frost heave.  
Soils of types SM, ML, GM, SC, GC, and CL 
are classified as having frost heave potential.





y d r a u l i c  F i l l s

M a n - m a d e  a n d  H y d r a u l i c  F i l l s

�Found in coastal facilities, levees, dikes and 
tailings dams.

�High void ratio.

�Subject to large amount of settlement.

�Uniform gradation but variable grain size 
within same fill.

�High liquefaction potential

�Lateral spreading.

�Easily eroded.



�Karst Topography

� Limestone is very soluble

� Uneven underground erosion leads to erratic depth 
and quality of “bedrock”

� Erosion also leads to underground caverns and 
water flows

� Expansion of underground voids can lead to 
sinkholes



�Calcareous Soils

� Calcareous soils are those which are composed of 
primarily sand size particles of calcium carbonate, 
which may be indurated to varying degrees.

� They can originate from biological processes such 
as sedimentation of skeletal debris and coral reef 
formation. 

� Because of their association with coral reefs, these 
soils appear mostly between the latitudes of 30°N 
and 30°S.

� These soils are some of the most challenging types 
of soils for the design and installation of 
foundations. 



y s

Q u i c k  C l a y s

�Quick clays are characterised by their great 
sensitivity or strength reduction upon 
disturbance.

�All quick clays are of marine origin.

�Because of their brittle nature, collapse occurs 
at relatively small strains.  Slopes in quick 
clays can fail without large movements.

�Generally found in northern regions (Canada, 
Scandinavia, Alaska)



y s

D i s p e r s i v e  C l a y s

�Easily eroded by low water velocities

�When placed into embankments, tunnels and 
gullies easily form (piping)

�Can be dealt with with chemical treatment of 
the soil, use of geotextiles or blockage using 
different types of walls



�Found in continental shelf deposits at water 
depths up to several hundred feet

�Distribution and physical properties of sand, 
silt and clay may change with time and local 
geologic conditions

�Soil deposits have typical properties

�Some areas (Gulf of Mexico) have weak, 
underconsolidated deposits



�Textbook Readings:

� Chapter 1: pp. 3-26

� Chapter 2: pp. 67-80

� Chapter 3: pp. 96-102

�Reference Readings:

� Laboratory Soils Testing: Main Text, Appendices 
I, II and IV

�Homework Problems:

� Chapter 1: 1-2, 1-9, 1-10, 1-18

� Chapter 2: 2-1, 2-4, 2-9, 2-14, 2-15, 2-20, 2-26

� Rock Quality Designation (RQD) Problem

�Due Date: 29 August 2001



�A 60” core sample yields the following 
segments of recovered core:

�Determine a) core recovery, b) core recovery 
ratio, and c) rock quality designation.
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