Rock Mechanics and Tunneling
Professor Debarghya Chakraborty
Department of Civil Engineering
Indian Institute of Technology, Kharagpur
Lecture 13
Topic - Physical properties (Continued)

Hello everyone, | welcome all of you to the second lecture of module 3. So, in our previous
lecture, we have started discussing the different physical properties of rock. Now, we will

continue our discussion in that topic only.
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CONCEPTS COVERED

» Physical properties (contd...)

So, we will continue with the physical properties of rock.
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Physical or Index Properties of Rock (contd...)
Problem on weight - volume relationship

Q1. The mass of a moist limestone sample having volume 0.006 m? is 15 kg and the mass of the

oven dried sample ism‘l’he degree of saturation is found to be Eﬁ Determine (a) Water
content; (b) Porosity; () Void ratio; (d) Specific gravity.
Assume g =10 m/s?and y,, M’"’
st Vet manhof- bone. e, (W) = 1513
Ovem died masty of #ae bame Atme (Ra) =135 by o
Voheme. of somple. ) = 0:006 >
Degee. ot sedunation (S) = 5% = 0:65
Weight 4 Hhe dmg Lmestme (WJ)=(N"1) :(135 x0)
=35 N = Ws

We have learned and discussed different weight-volume relationships in our previous class.
Those expressions were essential for obtaining the other properties. For better understanding, a

couple of problems will be solved in today's lecture because they are relevant and practical.

So, let us see the first problem. So, what does it say? The mass of a moist limestone sample
having a volume of 0.006 m® is 15 kg, and the mass of the oven-dried sample is 13.5 kg. The
degree of saturation is found to be 65%. So, we have to determine water content, porosity, void

ratio, and the specific gravity.

It is also stated that for this problem, we can assume acceleration due to gravity (g) as 10 m/s?,
though we know it is generally 9.81. However, let us consider it as 10 m/s? for simplicity and the

unit weight of water (yw) as 10 kN/m?2. So, these are the two assumptions.

So, what are the key things about this problem? The weight of the moist sample is provided. The
total volume of the sample is provided. Then oven-dried sample weight is provided, and the
degree of saturation is also provided. So, we have to obtain water content, porosity, void ratio,

and specific gravity with this data.

So, it is given in terms of mass, so we will convert it to weight and solve it. The moist mass of
the limestone (M) is given as 15 kg. Now, we have to convert it into weight. For now, we will

write it down as 15 kg.



Then the oven-dried mass of the limestone, which is Mq. The oven-dried mass means the sample
is free from water, and we are neglecting the weight of air. So, Mq is the oven-dried mass of
limestone. Thus, Mg is nothing but the weight of the rock solids. We can represent the mass of
the oven-dried sample as Ms, which is the mass of the rock solids. In this problem, it is 13.5 kg.

Now, the total volume of the sample (V) is 0.006 m* and the degree of saturation (S) is 65% =
0.65. Whenever we see S, we have to replace it with 0.65. Now, we know that the mass of the

moist sample is 15 kg and the mass of the oven-dried sample is 13.5 kg.

So, the weight of the dried rock limestone sample or the weight of rock solids = mass of the
oven-dried sample (Mg) x g = 13.5 x 10 since g is given as 10 m/s2. So, we can get the weight of
the dry limestone (Wg) = Mg x g = 13.5 x 10 = 135 N, and we can also write it as Ws as it is
nothing but the weight of rock solids.



(Refer Slide Time: 7:56)

N
Physical or Index Properties of Rock (contd...)
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Physical or Index Properties of Rock (contd...)
Problem on weight - volume relationship
Q1. The mass of a moist limestone sample having volume 0.006 m’ is 15 kg and the mass of the
oven dried sample isl—s._.'c_k!._The degree of saturation is m beguetefmine (a) Water
content; (b) Porosity; (c) Void ratio; (d) Specific gravity.
Assume g = 10 m/s? and y,, = 10 kN/m?
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Now, we can also find out the mass of water because the moist mass of limestone is provided,
and the oven-dried mass is also provided. So, we can find out the mass of water from there. The
mass of water (Mw) =15 — 13.5 = 1.5 kg. So, we can write the weight of water (Ww) = My x g =
15 x 10=15N.

. . . W
So, the first question was to find out the water content. So, water content () = WW . We already

S

have W;s, and we have obtained Wy. Hence, we will find out the water content first. So, the water



content (w) in % = V# x100% = % x100% = 11.11%. This is the answer of part (a) = 11.11

S

%.

The second question was porosity, then void ratio, and then specific gravity. Let us focus on the
porosity. To determine the porosity, we will first find out the bulk unit weight (y), and from there

we have to go for some derivation. Then we can get the value of porosity.

So, the bulk unit weight (y) = \\//l Now, W = 15x10 = 150 N. We convert the mass to weight by
multiplying it with g. The total volume of the sample (V) is 0.006 m®.

The weight of the moist sample is in N, and the total volume of the sample is in m*®. We want to
present the sample's bulk unit weight in terms of kN/mS. So, again we have to divide it by 1000,

150

=———___ . So, if we do that, we will get it as 25 kN/m?,
0.006x1000

e, ¥

G, +Se
l+e

From the previous lecture, we know that the bulk unit weight, » :( jxyw. Now, in this

expression, what are the things known to us? Gs can be represented as §.
w
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Physical or Index Properties of Rock (contd...)
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Let us go to the next page. So, if we replace G, _Se in the expression, we will get
(4

Se Se
—+Se + Se
y=|2 Xy, S0, let us write down y = 01111 xy,as we have calculated the
1+e 1+e

moisture content as 11.11%, which is nothing but 0.1111.

Now, we can replace yw as 10, and the bulk unit weight as 25. And iWiII give 9Se. Thus,

ISe+ Se x10 . If we simplify it, we will get 2.5 = 105e
1+e l+e

we will get 25 =

After further simplification, we can get 0.25= Se . Now, we know that the degree of saturation

1+e

0.65xe
l+e

(S) is equal to 65%. So, we can write, S = 0.65. Thus, =0.25. If we further simply it, we

. e 0.25 e . ) .
will get — = —=_. Now, —— is nothing but the porosit )
e 065 lte g porosity (1)



So, %gives the porosity of the sample, which is equal to 0.3846, i.e., 38.46%. Hence, this is
+

the answer of part (b). Next, we need to find out the void ratio. As we know, e = 1L .
-n

So, e:m:OﬁZS. Hence, this is the answer to part (c). And last one, we have to
1-0.3846
calculate the specific gravity of the rock solids. The specific gravity of the rock solids (Gs) = e :
a
e, G, = 0.65><0.625_
0.1111

So, if we simplify, we will get it as 3.6566. Hence, it is the answer to part (d). So, several things

we could able to know from the given data. So, in this way you can solve these problems.
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Physical or Index Properties of Rock (contd...)
Problem on weight - volume relationship (contd...)

Q2. The volume of a cube of oil shale is _.Lnf The porosity of the oil shale is 45%. The saturated
unit weight of the oil shale is 30 kN/m®, By assuming the dry unit weight of shale as 27 kN/m?,
determine the specific gravity of the oil. Consider, the unit weight of water as 10 kN/m?*.

i doichiih o Sesddmiactrase

Solution: TMv.hnl.fod MCV)'—S"J/
Fausby (1) - 045 ) Vjoy = 30 wpe?
Y: 2 k

W
. - - n= v

v = (W) = (r4s)§
olume, o Void ( ) :g‘zz(m)n IV NV

Now, we will solve another practical and exciting small problem. The volume and the porosity of
a cube of oil shale are 5 m® and 45%, respectively. The saturated unit weight of the oil shale is 30
KN/m?3. Assuming the dry unit weight of shale as 27 kN/m?, determine the specific gravity of the
oil. So, only one question is the specific gravity of oil that we need to find out. Consider the unit
weight of water as 10 kKN/m?.



So, it is a straightforward problem but quite helpful. So, what are the things given to us? The
total volume of oil shale (V) equals 5 m®. Then porosity is given as 0.45. The saturated unit
weight (ysat) is given as 30 kN/m?, and the dry unit weight (y4) is given as 27 kN/m3. So, we are
provided with these are the pieces of information.

Now, first, we can find out the volume of voids. So, how to get the volume of void (Vv)? As we
know, the porosity of a sample 7, = \& . So, the volume of voids (Vv) = n xV, . So, the porosity of

the oil cube is given as 0.45, and the total volume is 5 m®. So, the volume of voids (V) =
0.45x5=2.25 m?,
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Physical or Index Properties of Rock (contd...)
Problem on weight - volume relationship (contd...)

Solution (contd...):
T;Ecozﬁw of e Aahaakd 0l shele O’m)‘- Yo V= (3«%):\50 1o

Thd weghi- of dag Shede (Wa)= W) = @7)6) = 15 kv -
Height of . 0:l (‘Jou) = Woyp =Wy = 150~ 135 =15 k¥

U e o 0l () = (1“%) = 5‘%—; G667 W

Srecpe oty of 04 () + Ted: 5T




Physical or Index Properties of Rock (contd...)

Problem on weight - volume relationship (contd...)

Q2. The volume of a cube of oil shale is_ﬂn_f. The porosity of the oil shale is isi The saturated
unif weight of the oil shale is wn’. By assuming the dry unit weight of shale as 27 kN/m?,
determine the specific gravity of the oil. Consider, the unit weight of water as 10 kN/m?.

soution: Tt vohme, o 0 shake () = 5w,
?.w\a@\_ 045 Yy = 30 kujm?
Y, = 22 ke’

Volume_ 4 vod = (V") ;g‘:z(?" IV

Finally, we have to obtain the specific gravity of the rock sample. So, the total weight of

saturated rock shale is W, =y, xV .

S0, ysat = 30 KN/m3and V =5 m3. The weight of the saturated oil shale (Wsat) = 30 x5 = 150 kN.
The total weight of dry shale (Wg or Ws) = y, xV =27 x5 =135 kN.

So, the saturated weight of the oil shale = 150 kN, and the dry unit weight of the shale = 135 kN.
The weight of the oil present in the shale = Wsat - Wgq = 150 — 135 = 15 kN.

So, the unit weight of oil (yoil) = V% = 21—25 = 6.667 KN/m®. So, therefore the specific gravity of
. _ Va 6.667 _ . - . _ .
oil (Goit) = =2 = 0 0.67 (approximately). So, the specific gravity of oil = 0.67. So, this

Yw

way we can solve the problems with the help of these things.
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Physical or Index Properties of Rock (contd...)

Porosity Isolated
pore

¥ Storage capacity of rock depends on its porosity.

Interconnected

» Pores or voids may be or may not be interconnected. 2k

7 In general as compared to sedimentary rocks, the igneous

and metamorphic rocks are having lesser porosity.

7 Itdepends on:‘) Size of qasmy

2 Shapeat e gy

3) Oriendtubion of: he. gwion)
4>’qu.~1— Ceventuction o e, Janion)

Now we will discuss the porosity. The physical significance of porosity is that the storage
capacity of rock depends on the porosity. As expected, if the porosity of a rock sample is more,

the storage capacity will increase.

As we can see from the three-phase diagram, some pores are isolated, and some pores are
interconnected. So, now the oil or water may be stored inside these pores. So, the storage

capacity of rock depends on its porosity.

Now, these pores or voids may or may not be interconnected. We can see that these are
interconnected, whereas here, they are isolated, which is very important. In general, as compared
to sedimentary rock, the igneous and metamorphic rocks have lesser porosity. However, there

may be exceptions.

Now, the porosity depends on several things, such as the size and shape of the grains. Apart from
these, porosity may depend on the orientation of the grain. The size and shape of grains may be

the same for two rock samples, but their porosity may change depending on orientation.

Apart from the orientation of the grains, the porosity depends on the degree of cementation.
These are the prime factors upon which the porosity of rock samples depends. We can also
observe the interconnectivity among the pores from the phase diagram. It is evident that if the
interconnectivity is more, the permeability will be more. It will be explored in the latter part of

the course.
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Physical or Index Properties of Rock (contd...)
Porosity (contd...)

» Typical values of porosity of some common rocks

Rocks Porosity (%)
Fractured sandstone 15
Cavernous limestone 5

Shale 3

Granite 1.

Source: Waltham (2002)*

*Waltham, T, 2002. Foundations of Engineering Geology, Spon Press, London,

Some of the typical porosity values of some common rocks are given here. We can see fracture
sandstone and cavernous limestone, shale, and granite. Four typical rocks are considered. We can
see that the porosity of sandstone is 15%, whereas, for granite, it is only 1%.

So, it indicates that the storage capacity, whether it is water or oil, the storage capacity of granite
must be significantly less means 15 times less than the fractured sandstone. So, in the case of
sandstone, it is pretty high. So, let us stop here today, and we will continue our lecture on these

physical properties in our next class. Thank you.



