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1. Soil Formations and Deposits



1.1 Rock Cycles
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1.2 Bowen’s Reaction Series

- The reaction series are similar to the weatheftialilgy series.

Crystallization

Lower resistance

to weathering
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Mineral Composition

Olivine (Mg, Fe),SiO,
Augite Ca, Na(Mg, Fe, Al (Al, Si,0¢)
Hornblende Complex ferromagnesian silicate of

Ca, Na, Mg, Ti, and Al

Biotite (black mica) K(Mg, Fe);AlSi;0,,(0H),

. calcium feld Ca i;0,
Plagiociese {sodium fe]d:;?:rr Na(zQ:lleSE?OS)
Orthoclase (potassium feldspar) K(AlSi;0y)
Muscovite (white mica) KALSI;0,(0OH),
Quartz Si0,

More stable

*Higher weathering resistance



Question
What is the main mineral of the sand
particles in general?
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1.3 Weathering

1.3.1Physicalprocesses of weathering

1.3.2ChemicalProcess of weathering

Unloading

— e.g. uplift, erosion, or change in fluid
pressure.

Thermal expansion and contraction
Alternate wetting and drying

Crystal growth, including frost acti

Organic activity
—e.g. the growth of plant roots.

Hydrolysis
— IS the reaction with water
—will not continue in the static water.

—involves solubility of silica and alumina

« Chelation

—Involves the complexing and
removal of metal ions .

- Cation exchange

— is important to the formation of
clay minerals

« Oxidation and reduction.
« Carbonation

—Is the combination of carbone
ions such as the reaction with €O

1.3.3 Factors affect weathering
-Many factors can affect the

weathering process such as
climate, topography, features of
parent rocks, biological reactions,
and others.

. Climate determines the amount of

water and the temperature.

(Mitchell, 1993)



1.4 Transportation of Weathering Products

1.4.1 Residual soils- 1.4.2 Transported soils-
to remain at the original to be moved and deposited to
place other places.

- In Hong Kong areas, the top
layer of rock is decomposed
into residual soils due to the

- The particle sizes of transported
soils are selected by the

warm climate anc abundar transportation agents such as
rainfall . streams wind, etc.

- Engineering properties  of —Interstratification of silts and
residual soils are different with clays.
those of transported soils . The transported soils can be

- The knowledge of "classical” categorize based on the mode of

geotechnical ~engineering i transportation and depositiofsix
mostly based on behavior of P P (s

transported soils. The types)
understanding of residual soils
IS insufficient in general.



1.4.2 Transported Solls (Cont.)

(1) Glacial soils: formed by transportation and deposition of
glaciers.

(2) Alluvial soils: transported by running water and deposited
along streams.

(3) Lacustrine soils: formec by depositiol in quiel lakes (e.g.
solls inTaipei basii).

(4) Marine soils. formed by deposition in the seas (Hong
Kong, Japan).

(5) Aeolian soils: transported and deposited by the wind (e.qg.
solls in the loess plateau, China).

(6) Colluvial soils. formed by movement of soil fronits
original place by gravity, such as during
landslide Hong Kong). (rom pas, 1908)



2.1 Decomposition Grades (Rock)

Common weathering process
IN Hong Kongran, 1996)

- The most important chemical
processes of weathering are
hydrolysis and solution.

- The two important physic:
processes of weathering are the
alternate wetting and drying, anc
the exfoliation (sheeting).

Saprolite: rock fabric is retained.

Residual soil: rock fabric is completely
destroyed.

General Charocteristics for Granitic &

Descriplive Grode
Ter:i Symbol Volconic Rocks & Other Rocks of
i Equivalent Strength in the Fresh State
Originol rock texture completely destroyed
Can be crumbled by hand and fIwmger presswre nlo
Res:dual constituent grains
Soil LY
Orgunal rock texture pressrved
Con be crumbled by hond and finger pressure nto
Completely consbiiuent grams
Decompased ¥ Easdly indented by pownt of geologeal peck
Slokes when /mmersed o waler
Completely discoloured compared with fresh rock
Can be broken by hond wic smaller perces
Moked o dull Sound when Stiuck by geologecol hammer
Highly e Not easaly indented by pomtl of geclogcal pick
Decomposed Does not skake when wmmersed » water
Completely discoloured compared with frésh rock
Connot usually be broken by hond. easdy broken by
geclogical hammer
Moderately o Makes a dull of shght ringIng Sound when Struck by
Decomposed geologscal hammer
Completely stomed throughout
Mol broken easily by geclogecal hommer
Makes o ringing sound when struck by geologwcal
Slighitly - harmener
Decomposed Fresh rock colows generally retaned but Stamed near
jont surfoces
Mot broken easdy by geologcal hammer
Mokes @ rfinghg sound when Struck by geclogecal
Fresh 1 g

Mo wisible signs of decomposition (1e no discolouration)

(Guide, 1988)




Fine-grained Fine Ash
Granite Tuff

2.1 Cont.

Residual
VI soils
y Completely
d d
« Most of the residual SCOMpose
soils in Hong Kong are
In-situ decomposed IV Highly
from igneou: rocks decompose
e The red or yellow color
is due to the presence of p7 ~ Moderately
iron oxides. decomposed
11 Slightly
decomposed

I Fresh




2.2 Solls In Hong Kong

Three important types of soils in Hong Kong
1. Residual soils

2. Saprolites (solil-like, contain relict joint of parent
rocks)

3. Colluvial soils

The colluvial soils mainly originate from the lafide and they are usually
poorly consolidated. Slope

‘/

Colluvial soils

eAlluvial soils- Bangladesh




3. Phase Relations



3.1 Three Phases In Solls

S: Solid  Soil particle

W Liquid Water (electrolytesé.)
A Air  Air




3.2 Three Volumetric Ratic | | 5

(1) Void ratioe (given in decimal, 0.65)

o= Volume of voids(V,)
Volume of solids(V,)

(2) Porosityn (given in percent 100%, 65%)
V€ e = Volumeof voids(V,)

V. (l+e) 1+e ~ Total volumeof soil sampldV,)

(3) Degree of Saturatidd(given in percent 100%, 65%)

_ Total volumeof voids containswater(V,,)
Total volumeof voids(V,)

S x100%



3.2.1 Engineering Applications (e)

Typical values

Yoid Ratio

Porosity (%)

Dry Unit
Weight
(kN/m?)

Description Py ot

Mmax

"min Ydmin Ydmax

Uniform spheres 0.92 0.35
Standard Ottawa

sand 080 0.50
Clean uniform

sand 1.0 0.40
Uniform inorganic

silt 1.1 0.40
Silty sand 090 0.30
Fine to coarse

sand 095 0.20
Micaceous sand 1.2 0.40
Silty sand and

gravel 085 0.14

47.6

44

50

52
47

49
55

46

26.0

33

29

29
23

17
29

12

14.5

13.0

12.6
13.7

13.4
11.9

14.0

17.3

18.5

18.5
20.0

21.7
189

229

After B. K. Hough, Basic Soils Engineering. Copyright © 1957,

The Ronald Press Company, New York.
(Lambe and Whitman, 1979)

Engineering applications:
Simple cubic (SC), e = 0.91, Contract

—_—
BB — &
P~

99009

—

Cubic-tetrahedral (CT), e = 0.65, Dilate

—_—

(XX XD

_— <<

TS — B
—

*VVolume change tendency
« Strength

Link: the strength of
rock joint

Shearstrength= o, tan@+1)



3.2.1 Engineering Implications (@,

- Hydraulic conductivity

—Which packing (SC or SC
CT) has higher hydraulic e =091
conductivity?

CT
— e =0.65

The fluid (water) can flow more easily through the
soil with higher hydraulic conductivity



3.2.1 Engineering Applications (@,

Filter
SC
e=091
Clogging 11
CT
e =0.65

Critical state soil mechanics



3.2.2 Engineering Applications (S)

Completely dry soil S =0 %
Completely saturated soil S = 100%
Unsaturated soil (partially saturated soil) €% < 100%

_ Total volumeof voids containswater(V,,)
Total volumeof voids(V,)

S x10%%

Demonstration:
Effects of caplillary forces

Engineering implications:
-Slope stability
-Underground excavation



3.2.2 Engineering Applications (&pnt.)

Rainfall

4 e 80 % of landslides are due to

Surface water . . .
erosion andlbssin suction” .
el ;J » The slope stability is significantly
affected by the surface water.

Positive porewater Loss in
pressure build-up from suction

W
deep shallow ) .' ":
subsurface subsurface y a ¥ = ]
¥ INFALL
water water L .' [ RA
a ¥
J’ 4
<%
<1% ' ‘ remove liquefiable AV onc]
materials, A\
- 200/0 T trim back to a COhLB.\Tl:‘AI.I]_ga OF # )
v lower gradient, SURFACE INFILTRATION
*8"“/0 S provide structural SCOURING E_l} l
upport ﬁ E) 8
INCREASED
B INFILTRATION
— S— f,
ﬁ/
SEEPAGE T FLOW
- SUBSURFACE e
lower water pressure,  provide surface protection, CONCENTRATION OF '
say by horizoatal SUBSURFACE WATER "
drains remove / improve adverse -’

environmentsl factors (Au & Suen, 1996),

(Au, 2001)

provide surface drainage



3.3 Density and Unit Weight

« Mass is a measure of a body's
Inertia, or its "quantity of
matter". Mass is not changed at
different places.

 Weighi is force the force of
gravity acting on a body. The
value is different at various
places (Newton's second law F
= ma) (Giancoli, 1998)

 The unit weight is frequently
used than the density is (e.g. in
calculating the overburden
pressure).

Mass
Volume
Weight _ Masd(
Volume Volume

Density, p =

Unit weight, y=

g:.accelerabnduetogravity
= = m
y=p=pm8M ,

— g kN
Watery =98 %ng

G:pS:pS@:yS
S Py PO Y,




3.4 Weight Relationships u Coome »;.i

(1)Water Contentv (100%)

__Mass of water (M)
Mass of soil solids(M.,)

[10C%

For some organic soiw>100%, up tc
500 %

For quick claysw>100%

(2)Density of wateslightly varied
with temperatures)

p, =1g/cm’ =1000kg/ m® =1Mg/m®

(3) Density of soil | §
a. Dry density | 1

B Massof soil solidqM,)
Total volumeof soil samplg€V,)

Py

b. Total, Wet, or Moist density (0%<5<100%,
Unsaturated)

_ Massof soil sampléM_+M )
Total volumeof soil sampl€V,)

c. Saturated density (S=100%, \, =0)

_ Massof soil solids+wate(M_+M )
' Total volumeof soil samplgV,)

d. Submer ged density (Buoyant density)

P = Pss~Pu



3.4 Weight Relationships (Cont.)

Submerged unit weight: V'= Veur = Vi

Consider the buoyant force W, ~Vsly, - W=(Vi =Vu) WV (g-1000)

acting on the soil solids: Vi Vi
_ W, —Vily, W,
- :
_W,+W, -V ly,
___________________________________________________________________________________________________________________________________________________________ ) V,
~ Archimede’s principle = Year ™ Yu

The buoyant force on a body immerséed
~in a fluid is equal to the weight of the
~ fluid displaced by that object. |



3.4.1 Engineering Applicationsvj

 For fine-grained solls, water plays
a critical role to their engineering
properties (discussed In the next
topic).

* For example,

The quick clay usually has a water
conteniw greater tha 100 %and &
card house structure. It will behave
like a viscous fluid after it is fully

disturbed. Clay

/particle

—z Water

(Mitchell, 1993)



3.5 Other Relationships

(1) Specific gravity  Proof:

G = Ps _ V¥s Sle=wlG,
S
pw yw S@:V a/V :VW
VV VS VS
MS
(2) —MW DS —MW VS —VW
p, [Sle=wlp, WG, = MsE'pW_ qu\/lw V,

Se=w(G, Vi



3.6 Typical Values of Specific Gravity

Table 3.1 Specific Gravities of Minerals

Table 2.2 Specific Gravities
of Common Minerals®

Quartz 2.65 .
K-Feldspars 2.54-2.57 Mineral G
Na-Ca-Feldspars 2.62-2.76 Halite 2.1-2.6
Calcite 272 G 2.3-24
: ypsum 3-2.
Dolomxt.e 2.85 Serpentine 2.3-2.6
Muscowite g Orthoclase 2.5-2.6
Blotltt.:': 2.8-3.2 Chalcedony 2.6-2.64
Chlorite 2.6-2.9 Quartz 2.65
Pyrophyllite 2.84 Plagioclase 2.6-2.8
Serpentine 2.2-2.7 Chlorite and illite ~ 2.6-3.0
Kaolinite 2.61* Calcite 2.7
2.64 £ 0.02 Muscovite 2.7-3.0
Halloysite (2 H,0) 2.55 Biotite 2.8-3.1
Illite 2.84* Dolomite 2.8-3.1
2.60-2.86 Anhydrite 2.9-3.0
Montmorillonite 2.74* Pyroxene 3.2-3.6
2.75-2.78 Olivine 3.2-3.6
Attapulgite 2.30 Barite 4.3-4.6
Magnetite 4.4-5.2
* Calculated from crystal structure. Pyrite 4.9-5.2
Galena 7.4-7.6

(Lambe and Whitman, 1979)

* A. N. Winchell (1942). (Goodman, 1989)



3.7 Solution of Phase Problems

Remember the following simple rul €Sonz ana kovacs, 108i)

1. Remember the basic definitionsvafe,p,, S,
etc

2. Draw a phase diagram.
3. Assume either ¥1 or V=1, if not given
4. Often use,Se=wp,, Se =wG,



Example



4. Some Thoughts about the Specific
Gravity (G) Measurement



4.1 Standards

Standards

- ASTM D854-92 Standard Test Method for Specific
Gravity of Soils

- ASTM C127-88 (Reapproved 1993) Test Methods for
Specific Gravity and Absorption of Coarse Aggregate.

BS 1377: Part 2:1990



4.2 Alternatives

 If the soil containssoluble salts or can react with
water, an alternative liquid should be used such as
kerosene (paraffin) or white spirit. Note that the density

of oil is not equal to 1 g/cf p, #1 g/cn? (Head, 1992)

G. = (mZ B ml)
> (myg—-my)—(mg—m,) «—— Weight of liquid displaced
by the soil solid.
P
p, (my—-my)
(my —my) = (M3 —mjy)




4.2 Alternatives (Cont.)

If the particledensity is likely to be changed owing to
dehydration at 100°C, a lower drying temperature (e.g. 80
°C) and longer drying time should be adoptBbte that

the modification must be recorded. However, for some
clay minerals the dehydration is almost inevitable. For
example halloysite will lose its interlaye wateil al 50 °C

or at relative humidity RH< 50 % Xirfan, 1996).



4.3 Your Test Results

G, for some minerals Hints:
Quartz, 2.65 Primary minerals:
Kaolinite, 2.65 Quartz, Kaolinite K-feldspar,

K-feldspar, 2.54-2.57 Halloysite
Halloysite, 2.5t

Note:

The specific gravity of solids of light- :
colored sand, which is mostly made of The G of solls
guartz, maybe estimated to be aba@uib; _ _
for clayed and silty soils, it may vary from 2.65 if not given.
2.6 to 2.9 (from Das, 1998).

IS
typically estimated as



4.4 Average Specific Gravity Values

For example,
For solil particles larger than 2mm, the weight isald the volume is ¥
For soil particles smaller than 2mm, the weighwisand the volume is ¥/

Wi tW,) 1
Gs—avg B (V1+V2) — (V1+V2) WSZ
) >

B 1
G S W, Vi n W, \Z

(W, +W,) W, (W, +W,) W,
G 3 1

s-avg Pll"' P21 P is the weight fraction

sl Gsz



5. Suggested Homework

1.Please try to find the 2. Please go over examples in
standard and read it. your book.
ASTM:

Remember wher e you can
find useful references!!
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