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Figure 8. Phase Diagram Representing the Different Phases in a Rock.
(afhrluhnwnmdbnﬁrlﬂ' 1988)




Table 10.1, Some values of the common properties of soils

A. COHESIONLESS SOILS

Gravels Sands
Relative density 2.5 28 26-2.7
Bulk density (t/m¥) 1.45-23 1.84-2.15
Dry density {(t/m*) 14 -2.1 1.35-1.9
Porosity (35) 20-50 23-35
Shear strength (kPa) 200601 100400
Angle of frction (deg) 315-45 3242

B. COHESIVE 50ILS

Siles Clays
Relative density 2.64—1 66 2.55-2.75
Bulk density (t/m¥) 1.82-2.15 1.5-2.15
Diry density (t/m?) 1.45-1.95 1.2-1.75
Void ratio 0.35-0.85 (1.42-0.96
Liguid limit (34} 24-35 Crver 25
Plastic limit (%) 14-25 Orver 20
Coefficient of consolidation {m?/yr) 122 . 310
Effective cohesion (kPa) 75 20200
Effective angle of fmction (deg) 32-36

C. DRGANIC S0OILS AND FILL

Peat Coarse discard
Moisture content (%) 6501 10 614
Relative density 1.3 -1.7 1LE-2.7
Bulk density {1/m*} 0.91-1.05 1.2-24
Diry density (t/m?*) 0.07-0.11 L.05-2.0
Voud ratio 12.7-14.9 (1.35-over |
Liquid limit (%, 2345
Plastic Limit {%]) Mon-plastic—33

Effective angle of friction (deg) 5 2840
Effective echesion (kPa) 20 20-50




2 CHAPTER 1. BULK PROPERTIES OF ROCK

1.2 Specific Gravity

The densities of substances making up rocks, or of a rock itself, are sometimes expressed in
terms of the density p. of liquid water, The specific gravity G of a substance is defined by
e B (1.2)

e’
where p is the density of the substance. Since G is the ratio of two densities, the density
units cancel, so that G has no units. (This requires that both densities in Eq.(1.2) must
be expressed in the same units, either both kg/m? or g/em?; it would lead to meaningless
confusion if one density is in kg/m® and the other g/cm?.)

For the density of water it is cormmon to use pw = 1.00 gfem®. The density of water
varies slightly with temperature (as does the density of other substances), but this variation
can often (not always) be ignored. In the present work, the density of water will be taken
as 1000 kg/m? exactly for the purpose of calculating specific gravity.

ek ikl ko R R *$$******#**************#**

EXAMPLE 1
A block of rock with edge lengths 85.5 cm, 79.0 cm, 43.8 cm has a mass of 953 kg. Find the

specific gravity of the rock.

Some of the data are in SI base units (the mass), the rest are in cgs units (the edge lengths).
Calculations should be done either with all base units or all cgs units. In engineering, the
base units are more commonly used. (But nof always: sometimes SI base units and cgs
units are mixed!) Using all 5] base units means that the edge lengths must be converted to
meters. But this is easy since 1 m = 100 cm. By “block” of rock is implied a rectangular
block whose volume is the product of the edge lengths. Therefore,

V = (0.855 m)(0.790 m)(0.438 m),

V == 0.2958 m?.
By Eq.(1.1), the density 18
M
p= Vo
953 kg
P = 02058 m?’

p = 3222 kg/m’.

Now use Eq.(1.2) to find the specific gravity G. Since g base units are being used here, the
density of water p, must be entered in these units. Therefore,

¢=~£,
P



1.3. UNIT WEIGHT 3

3222 kg/m®
1000 kg/m®’
G =3.22,

Since the data has 3 significant figures (sig fig), the final result can be given to no more than
3 sig fig, although 1 extra sig fig is carried within the calculation to guard against round-off
error. As mentioned previously, the density of water is considered to be exact.

R T T T T T T T TP g e pperer

1.3 Unit Weight

The weight W of an object is the gravitational force exerted on it by the rest of the planet
Earth. Dividing the weight W of an object by its volume V yields the unit weight ~ of the
abject or of the material of which the object is made; that is,

7= (1.3)
‘The SI base unit of weight is the newton (N). Since the base unit of volume is m3, the SI
base unit of unit weight is N/m® (Note the two uses of the word unit in the last sentence.)
The cgs unit of weight, the dyne, will not be used in this book; therefore, cgs units of unit
weight will not be encountered in the present work.
Looking back at Eq.(1.1), it can be seen that the unit weight is defined very like the bulk
density, except that the weight W replaces the mass M. (For this reason, unit weight is also
known as weight density.) There is a relation between weight and mass. From physics,

W = Mg, (1.4)

where g is the acceleration due to gravity (often called simply gravity). Hence,

7= Mg/V,
v = (M/V)g,
¥ = pg. (1.5)

Equation (1.5) can be uséd to calculate unit weight from density, and vice versa. The

numerical value of g to be used is
g = 9.8 m/s?
This value is often adopted as the value of gravity averaged over the surface of the Earth.

For the purpose of evaluating the significant figures in any calculation, this value for g shall
be considered exact.

AL



4 CHAPTER 1. BULK PROPERTIES OF ROCK

Note that Fq.(1.2) for specific gravity can be written in terms of unit weight:

G = p/pu,
G = pg/pwg,
G =7/ (1.6)

The unit weight of water is, by Eq.(1.5),
Tw = Pwl,

Yw = (1000 kg/m*)(9.8 m /5%,
Yw = 9.8 kKN/m®.
The SI prefix k stands for 1 X 10%.
S EE S T I LY P ppaeygee

EXAMPLE 2
Calculate the density in g/em? of & rock with unit weight 27.6 kN/m?.

As noted just above, the SI prefix k means a factor of 1000. By Eq.(1.5),

T = Py,
27.6 X 10° N/m® = p(9.8 m /s?),
p = 2820 kg/m?,
p =282 g/cm®.

The answer is given to 3 sig fig since the data is given to 3 sig fig (remember that the value
g = 9.8 m/s” is considered to be of infinite precision). Also, the density conversion factor
between kg/m® and g/cm? is used in the last step.
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1.4 Porosity

Under a microscope, most types of rock are seen to contain small open spaces, called pores.
These pores can originate in various ways. For example, many sedimentary rocks seem to
be assembled from many small, solid particles, called grains. These grains are irregularly
shaped. However, unlike a jigsaw puzzle in which the irregularly shaped pieces completely
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EXAMPLE 3

A 0.885-m® block of sandstone has a mass of 1752 kg. When the block is crushed just
sufficiently to close all the pores, which are empty, the volume of the rock becomes 0,584
m®. Find (a) the porosity of the sandstone and () the density of the grains. (Assume that
the density of the grains is not changed in the crushing process. )

(@) The original block has a volume V = 0.885 m?, The volume of the crushed rock must
equal the volume of all the grains in the original block, since the crushed rock has zero pore
volume. That is, in the original block, Vrgine = 0.584 m3, Therefore, the volume of the pores
in the original block is, by Eq. (1.8),

0.885 m® = Ve + 0.584 m?,
Vooree = 0.301 m?,

Now calculate the porosity by Eq.(1.7):

1= Viores/V,
n = (0.301 m®)/(0.885 m?),
n = 0.340 (34.0%).

(b) Since the pores are empty, the mass of the crushed rock is the same as that of the original
block, 1752 kg. The volume of the crushed rock is 0.584 m®. But the crushed rock is entirely

grains, and therefore, by Eq.(1.9),

Pg = Msmirlsfvsraina?
P& = (1752 kg)/(0.584 m?),
pg = 3000 kg){m‘?:
pg = 3.00 g/cm?®.

FRkE kR Rk Rk R o ok ko

1.5 Dry and Saturated Unit Weights

The pores of in situ rock (rock as found in the Earth, undisturbed by human activity) may
be filled with gas or liquid. The densities of gases found in rocks are very much less than
the densities of the grains or matrix of the rocks. This means that, as already mentioned,
it is safe to ignore the contribution of the gas trapped in the pores to the total weight of &
rock sample, '

A similar statement cannot be made for liquids. The densities of the liquids commonly
found in the pores of rocks, although less than the densities of the grains, are not very much

A
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A similar relation holds between the mass densities. By Eq.(1.5), Eq.(1.17) becomes
Peard = Paryg + n(pLg),

a rock sample by injecting it with mercury Hg. Liquid mercury is much denser than water:
Ghug = 13.6 compared with Gw = 1 for water. This implies that, even if the porosity of the
rock sample is quite small, saturating the rock with mercury could change the unit weight
significantly, making accurate laboratory measurements of the weights and their differences
relatively easy. A disadvantage is that liquid mercury is & hagardous substance, mainly
because of its vapor; great care must be exercised with its use.

FRE R RA R R IRk R ok Rk R Kok

EXAMPLE 4
A test cylinder of rock has a diameter of 12.6 cm and & length of 14.0 cm. When dry its
weight is 50.3 N. When saturated with mercury the weight of the sample is 62.8 N. The
specific gravity of mercury is 13.6, Find the porosity of the rock,

[ TR el
[ e l—

i
The volume of the rock sample is i{
V. =xD’L/4. ;
V' =n(0.126 m)*(0.140 m) /4,
V= 1.746 X 1073 m?,
Therefore, the dry and saturated unit weights are
4 = Ydry = Wd:?fvr
Yary = (50.3 N)/(1.746 X 10-3 m?),
ﬁum-==2&81]ﬂﬂfﬁﬂi y
Yeat = H;untxvs v
Teat = (62.8 N)/(1.746 X 10-3 m?),
VYaat = 35,9? kN;fIIla. l.'“‘:;
The unit weight of the liquid mercury 7, follows from Eq.(1.6):
T ::(;L?%:
1 = (13.6)(9.8 kN/m3),
7. = 133.3 kN/m?, v
Note that the unit weight of the mercury is greater than the unit weight of the rock, whether
dry or saturated. Now use Eq.(1.17) to solve for the porosity n. Note that the units of unit
weight cancel, so that

Teat = Yary + 11,
35.97 kN/m® = 28.81 kN/m® + n(133.3 kN/m?),
n = 0.0537 (5.37%).

W
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porosity, they are

Vinatrix = {I = %]{Hﬂwz}!

Vmstﬁ; = {1 = n] {H‘IHL)
Setting these expressions equal gives .

(Sreast §eotizomal v e
(1= no)(Howl) = (1~ n)(HwL), "= °©
] "-_i:-l| H‘ »
(1 —mng)Ho = (1 —n)H, L, ¥
(1 = no)Ho = (1= n)(Ho ~ AH),
AH = Hu[““ LY -

—n
Equation(1.19) applies only to a trench with a rectangular cross section, since the volume of
the material was presumed to be given by the product of the three edge lengths.
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A layer of clay with a porosity of 47.0% and saturated wit> water is deposited into a rect-
angular trench 260 m long and 17.5 m wide to a depth of 2.72 m. Later, it is found that the
clay has settled by 15.0 cm. Find the volume of water squeezed out of the clay.

The subsidence and the original height must be .xpressed in the same units, so that these
units will cancel. Choosing meters, and remembering to express the porosity in decimal
form, Eq.(1.19) becomee, after substitution of the data,

0.150 = 272007,
n

Tn=04301

Since the clay was saturated, the mlume Vi of water srjueezed out equals the loss of pore
space in the clay due to the compaction. Therefore, A i

Voo = no(HowlL) — n(HwL),
Vw — {ﬂﬂHﬂ = nH}wL I: Lvl = b '___a_.h-. L -1 ir b, A :...
Now H = 2.72 m - 0.15 m = 2.57 m, so that ,j N ={reHy—n TN |
= [{0.470)(2.72 m) — (0. 4391)(2 57 m)](17.5 m}(ﬁﬂﬂ' m),

V, = 682 m?
*1::1:****#***********H**#***H*ﬂ***w**



