Engineering Geology Civil Eng. Dept.

LECTURE NO. (4)

First Year Sunday, April 03, 2016

Continued Lecture (3) 5 palaall 4l

4-1 Physical Properties of Rock Material siall 4y 5l gailail)

8-Dry & Saturated Unit Weight (usiall dasial) g Adlad) 4.3 1) A3ESY))
Dry Unit Weight (yg): is the unit weight of the rock mass when dry.

Therefore, it can be written as:

W
Ya = v
In which;

W, =weight of solid material (mineral part).

V= total volume of rock mass.

Saturated unit weight (ysy): 1S the bulk unit weight of a soil when it
is saturatedsllb Axsia o S5 Laxic, If all pores sl in a rock sample are
completely filled with water the rock is said to be saturated. If all
pores in a rock sample are dry, the rock is said to be dry.

5 Weat =Wyt Wy,

In which;

W IS the weight of saturated rock sample.

Wiy is the weight of the same sample when dry.

W,, is the weight of water occupying the pores of the saturated
sample.

Since (Vsampie) OF rock is the same weather it's dry or saturated.
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. Wsat, WdTy + Ww

%4 %4 Vv

Wi,
S Ysat.= Ydry +7 """ (Eg. ™)

Since [y,, = %]

In which;

V. is the volume of water with weight (W,,). But since, the water
fills all the pores in rock sample,

V=V,

Hence, by definition of porosity (n)

V,=nV substitute in Eq.(*) to obtain:

— Wy
Ysat.= Ydry TT T
w

Ysat.= Yary 10V,

A similar relation holds between the mass densities.

Psat.= Pdry TN P,

Example-1:

A test cylinder of rock has a diameter of 12.6 cm and a height of
14.0 cm. When saturated with mercury of a sample is 62.8 N and
when it's dry the weights is 50.30 N. The specific gravity 13.6. Find
the porosity of the rock.

Solution:
V=nD?L/4
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12.6\% , 14
™ (5a0) Goo
V= 4 = 1.746 X 1073m3
Therefore, the dry unit weight (yqr)is:
W, 50.3
Yary = =5 = Toge x 1055 = 2881 kN/m?
The saturated unit weight (yss) iS:
Wat 62.8 ;
Ysat = =y = TTag <103 o>07 KN/m

The unit weight of Mercury is:

ymercur

)/W(lte‘l"

Ymercury = Gsx Ywater

Ymercury= 13.6x9.81 =133.3 kKN/m?3

Ysat.= Ydry +¥Ymercury
35.97=28.81+n(133.3)
n=0.0537 =5.37 %

- Submerged unit weight (y')5_ el 4 )l 43S is the effective
unit weight of a submerged rock sample (or soil) oJs) 32~
3 garall 4y 5l 5l jaall 4l dlladll and is given by:
Y =Ysat“Yw
In which;

vw IS the unit weight of water, which is 9.81 kN/m?®.
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4-2 Multi-mineral Rocks ¢laal) 3amiall , sduall

Suppose that Porosity of a particular rock specimen is to be found by

measuring the bulk density (p), the mineral grain density (py) and

then applying the relation:
M
“v(a-n)
The bulk density is easy to measure.
(p) Al Z8UESH (s IS (e sdlay) (S (5 sduall 73 sail) Apabisa ) Liza il 13)
ALl Aoleall 3350 0 (pg) Asiaeall gl 48US

Pg

M
Pg =T —
V(1 —n)
$3aanie (alaa (g 4 Sall ) sdiall AU Al (S caS g Jlgudl e

For example, consider a rock made up three minerals. The densities
of each grain mineral are p1, p2, and p3 respectively. The bulk grain

density will not:

!
pig(p1+p2+p3)

Because the minerals may be present in different amount.
AN o2 g i glue ey de jsa 0sST Y Cagan 3_aall 1K) alaall (Y
IE 4ady =l e Jgasll (Weighted average) 205 Jamall aladiul sy
bulk ) 3 seall 45 Sall Clgall gaaad (5 psaall #3 seill LK ALY o M, il
;O Sl A8 ) il g Clall SN aasdl Vg 5 (density
Mg=pgxVy
-CcilS 13l

M,=bulk mass of mineral (1) in rock.
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V,=total volume of mineral (1) in rock.

Therefore; with similar notation for other two minerals in present
example. Then since

Mg=Mi1+M2+M3

It follow that

PgVe=p1xVi1+p2xV2+p3xV3

(7))~ (5)
Pg=P1\ 7| TP2\7, | TP3\7
N7 Y Y

Finally, write:
Vi
fi= 7,

pg = fip1 + f2p2 + f3pP3

Relation above is the a volume- weighted average of the densities of
the individual minerals present. In which;

fi+f+1f: =1

Generally;

p=Zfipi

i=No. of minerals per rock.

Similarly, the specific gravity for multi-minerals rock:
Gs = f1Gy + [5G, + f3G3

6= ) fiG:

iI=No. of minerals per rock.

The volume can be measured in the laboratory by examining

typical pieces of the rock with microscope so that the individual
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grains can be seen and distinguished from each other. The number of
grains present must then be counted and their volume estimated.

Table (4-1) lists some minerals, which show small variation in

density and their average density.

Table (4-1):Average density of some minerals

Mineral Density (g/cm’®)
Gypsum 2.35
Orthoclase 2.55
Chalcedony 2.62
Quartz 2.65
Plagioclase 2.70
Chlorite 2.80
Muscovite 2.85
Anhydrite 2.95
Pyroxene 3.40
Barite 4.45
Pyrite 5.05
Galena 7.54

Example-2:

A shale bala aa consist of 34.1% chlorite and 65.9% pyrite, and
has a porosity of 38.8%. Find the bulk density of the shale.
Solution:

Ly =fchiorite XPehloite +fpyrite XPoyrite
From table (4-1),

Penloite=2.8 gm/cm’

Poyrie=5.05 gm/cm®
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Since fenioriee =34.1 % and fiyie= 65.9%

. Pg=2.8%(34.1/100)+5.05%(65.9/100)=4.283 gm/cm’
The bulk density of shale is:

P=py(1-n)

Oanale=4.283x(1-0.388)=2.62 gm/cm®

4-3 Relations Among Some Physical Properties of Rocks
ogdall L 38l Gailadd) (any o cilial)

Let’s consider a rock and/or soil mass shown in figure (4-1a).
Where all three phases are present. The mineral grains or (soil
particles ), water and air are separated in figure(4-1b), which is
known as the phase diagram. In the phase diagram, volumes are

shown on the left and weights are shown on the right.

e, | V:Zva Z:::Z:I:Z:I?;I:Z:I:I:::Z :ZMaT

7 CF | ¥ g M

%g oAl __ 1
VS /Mineral grains ; Ms

Mineral grains ¥ %/////// Ny ¥

or Soil particales

(@) Rock and/or Soil (b) Phase Diagram

Figure4-1(a&b): Phase relations of rocks and/or soils

|
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OProve the following relations:

1- Bulk unit weight of rock and/or soil :

Gs+5,Xe
y:( )yw

1+e
2- Porosity:
WGy
"7 1+ w6,

3-Dry unit weight:

Ywet

Yoy = 146
Gs

T+e™

Yary =

4-Saturated unit weight:

Gs +e
1+e
5- Water content:

Vsat. = Yw

S Xe
w =
G
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