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Part 3

Engineering Properties of Rocks

Engineering properties of rocks is 4 collective nomenclature which
that are relevant to engineering application after their extraction from natural beds or without extraction
i.e. insitu conditions, This include all those properties for which a rock must be tested for selection as a
material for construction such as a building stone, road stone or aggregate for concrete making. The second
set of the properties include the qualities of a natural bed rock s and where it exists. That would determine
Its suitability or otherwise as a construction site for a proposed engincering project.

includes all such properties of rocks

|. Crushing Strength

It 15 also termed as compressive strength of a stone, It may be defined as maximum foree expressed per
unit area which a stone can withstand. Any force beyond the compression strength will cause a failure of
the stone. Mathematically, compressive strength is expressed by simpler method as follows

Ca =P/A

Where Cs = Compressive strength, P=Load at failure, 4 = Area of cross section of stone under P
The determination of compressive strength of a building stene involves making standard test specimens
(which are either cubes of S¢m side or cylinders of length: diameter ratio of 2 or 2.5). These specimens
are then loaded gis_a'dunlly one at# tme after plaging on the base plate of & universal testing machine, till
the first crack appears in the specimen. Any further loading will crush the specimen. The compressive
strength determined in this way using the above relationship is called “unconfined or universal
‘compressive strength. Because the test specimen has no lateral support or restraint,
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During the last few
W vear 4
cumpmggiw 51'¢I‘lgli1 |nil.'l)h§:::i:;dx'|’1f l':_ﬁ[]ll' hiwc been made to clazsi I:f' the rocks on the basis of unlaxal

5. Lhe follo : i :
found usefull. wing classification proposed by Deere and Miller has been

Clazs Duscnpllmn Uniaxial compressive strength{Kg/cm2
A Very high strength More than 2240 ‘
B High strength 1120—2240

C Medium strength 500 —“I 120

D Low strength 200—3500

E Very low strength less than 200

2. Transverse strength:
!t '5. d:l‘:‘ned as the capacity of the stones to withstand bending loads. Such loads are only rarely involved
Tn Situations where stones are commonly used, But when a stone is intended for use as a beam or a lintel,
Its transverse strength is determined as modulus of rupture using the following relationship.

R=3WL/ 2bd*
[ i o b g o G o o g o o o oy ol oy v b o

R = Modulus of rupture; W = weight at which sample breaks; /= length of the specimen; b = width of

specimen; o = thickness of the specimen,
This property is determined practically by loading transversely a bar shaped test specimen generallyof

20cmsxBemxBem dimension and is supported at ends from below,
It has been found that in stone, the transverse strength is generally 1/20'™ to 1/10" of their compressive

strengths.

3.Shear Strength :
Shear strength is the resistance offered by a stone to shear stresses, which tends to move one part of a

specimen with respect to the other. It is obtained by using the relationship. Shear strength of a stone is
also not commonly determined except when the stone is to be used as a column

S= P/2A
‘Where P = load at failure; A = area of cross section of the specimen.
It has been observed that shear strength of most common building stones ranges from 70 to 140 kg/em2.
In laboratory testing, a bar shaped '__ﬂf;e‘dir!jen is held with grip andis supported at ends below, is loaded
from above. Rupture occurs when the shear strength is exceeded.
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4. Porosity :
The shape, size and nature of i p
5 312 ature of packin y " 3
development of pore spaces withi i ”m.w'm Bk Gverise o the property i porceity ot
o L IS, [ ithin a rock. Numerically it is expressed as the ratio between the total
Lo pm;:mfe f’f .CE ﬂ;"d 1|.'|‘-" total volume of the rock sample. Porosity 15 commonly given in percentage
] of interlocking crystals, ¢ | | :
; nterlocking erystals, angular grains of various sizes and abundant cementing materials
are responsible for low porosity of stones, _
Cony ke wi i 3
ersely the rock will be highly porous it composed of spherical or rounded grains, (samdstone) or il

the cementing material is distributed unevenly or is of poor character.

Pﬂmﬁtf}’ 1880 imporiant engineering property of rocks. It sccounts for the Muid absarption value of the
stones in most cases and also that a higher porosity signifies a lesser density which generally means a
lesser compressive strength. Porosity values for a few common building stones. Granite-0.1 to 0.5%,
Basalt- 0.1 to 1%, Sandstone- 5 to 25%, Limestone- 5 to 20%, Marble- 0.5 to 2%, Quartzite- 0.1 10

0.5%,

5.Absorption Value:
It defines the capacity of a stone to absorb moisture when immersed in water for 72 hours or till it gets
full saturation.lt is generally expressed in percentage terms of original dry weight of the mass. , It maybe

obtained from the relationship

Absorption Value = (Ws-Wao)/Wo *100
Where Ws = weight at saturation; W0 = dry weight of the sample used.

6.Permeability:

It is the capacity of a rock to transmit water. Sand stones and limestones may show high values for
0% or even more. Selection of such highly porous verities of these stones for use in building

most situations, would be greatly objectionable.
the strength of the rock but also makes the stones

absorption or |
construction, especially in
Presence of water within the pores not only decreases
very vulnerable to frost action, in cold and humid climatic conditions.
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7.Density :
It is defined a5 weight per unit volg

n}ﬂ“cr K-Uhmh Wholly acoounts for ame of & given 3

0l pores oropen spaces, which may be empty, panl I_”g“*n Apeimen. A part of the rock may COMprise
I.'}-'Fﬂ:- of density miy be distinguished in “1_,};5 .”F_ iled or wholly filled with water Accordingly, three
density. " 1€} are a)Dry density, b) bulk density and ¢) saturated
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ance.But in the cage of rock it 1
the total valy e case of rock it is not only the solid mineral

| Dry density: [t is the wei i
y: ght per unit val g
o R ke e ume of an sbsolutely dried rock specimen, itincludes the volume
2. Bulk density; It is the wes i
: ght per unil valume of k atur: sturc co ;
e i i rock aample with natural moisture content where
3 Satura b | S|
ted density; It is the density of the saturated rocks or weight per unit volume of a rock in which

all the pores are completely filled with water.
Th [ ity. It i

cltzI I‘uurfl type 15 also recognized as true density. Itis the weight per unit volume of the mineral
matter(without pores and water) of which a rock s made up. The most engineering calculations, it is the
bulk density which iz used frequently,
Bulk density values in gramfcubic em for some common building stones are granne-1.7, basali-2.9,
sandstone-2.6, and limestone-2.2 1o 2.6.

8.Abrasive Resistance :
It is more a qualitative than a quantitative property, It may be broadly defined are the resistance which a
stone offers to rubbing action of one kind or ancther.Determination of this is of considerable significance
when stones are intended for use in situations where rubbing by natural or artificial causes is involved as
a routine. Example a) stones used in paving along roads, b) Facing stones in buildings of anid region where
strong sand laden winds are blown. These type of situations demand stones that have not only high abrasive
resistance but also of essentially uniform, composition. So that thewear is as uniform as possible.

ike granite may look quite appealing. In such cases, when

Stones composed of more than one mineral |
pitted or disfigured because of unequal wear of the

freshly used, but within short time, they may get
different mineral components.

9 Frost and fire resistance
Many building stones show quick disinlegration o
invalving frost formation (excessive cold) or heating. Fro
on hrﬂ:_aﬁng-within the rock pores.

f building stones or rocks when used in situations
st causes disintegration by expansion of water

In the case of fire, the unequal expansion in different mineral components and also at diffgrem depths
from surface inwards may cause disintegration. This effect becomes more pronounced w:nm the rock is
cate avy stones including granites crumble 1o

first heated and then suddenly cooled by water by water. He
LUT
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y deterionated in cold hiimid climates by frost action, Limestonc and sandstones fall in

They show very poor frost resistance,
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Alkali Aggregate Reaction

In most concrete BrCeAles ar T
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many vears. This alkali-a
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i e {ACE] tion has two forms: alk

Alkali-silica reaction (ASR) i5 of more concem
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materials are more common. In ASE, ags
containing certain forms of silica will react with
alkali hydroxide in concrete to form a gel that swells
as it adsorbs water from the surrounding cement
paste or the environment. These gels can induce
enough expansive pressure o damage concrete

es

Typical indicators of ASR are random map cracking
and, in advanced cases, closed joints and atteridant
spalled concrete. Cracking usually appears in areas
with a frequent supply of moisture, such as close to
the waterline in piers, near the ground behind
retaining walls, near joints and free edges in
pavements, of in piers or columns subject to wicking

achion.

Alkali-silica reaction can be controlled using

certain supplementary cementitious materials. In-
proper proportions, silica fume, fiv ash, and ground
granulated blast-furmace slag have significantly
reduced or eliminated expansion due to alkali-silica
reactivity. In addition, lithium compounds have been
used to reduce ASR. Although potentially reactive
aggregates exist throughout North America, alkali-
silica reaction distress in concrete is not that
common because of the measures taken to control it.

ortant to note that not all ASR gel reactions produce destructive swelling.

It is also imp

Alkali-carbonate reactioh (ACR) is observed with certain dolomitic

rocks. Dedolomitization, the breaking down of dolomite, is normally
associated with expansion. This reaction and subsequent crystallization

of brucite may causé considerable expansion. The deterioration caused
by alkali-carbonate reactions is similar to that caused by ASE; however,

ACR is relatively rare because aggregates susceptible 1o this
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Grouting

gmi?:rﬁ ll:fﬁ:mfmuy % mixture of coment, sand and water

! of grouting are use "5 :

of repairing ol concrete "ﬁ'ﬂ-'-'k-‘i 'I:I'::iw;r'.m dlm.fm| purposes but generally They are used in the purpose
1 g scams and gaps in tiles, seal and fill é.q-.-; fisr u,,,.,_.,-i-.'[',,in.-lf.:ﬂ' i

COUrSEs, and for soil stabiliz i U X
i i | oania Ets ell and foundstion. 1 is alse used 1o Ei"-'c extra -"'-”“"':_—'ﬂ"

Grouting is the applicati i
cation that we ut A vt b

epoxy) to fill the spaces thal may t:s:.:;ﬁ;" s of cement and _-:.nnd along with other material (such as
Prcsmsssing CNaRATaE (ke e ':lnng BOITE mﬂsllml.‘tmn operation. o example, one type of
Al e (WATthE ns post lensioning process: In this process we install tubes in concrete heam
orestressing. the “'mﬂ E“u'-tfﬂfhrlfler!cmn::: hardening we insert steel strands inside tubes for

' 3 s that will resull between steel ‘siran imside s tube i3 fille
afterwards by grouting. strands and inside wall of the tubc 1 filled

Pozzolonic Materials @

Porzolanic muterials are siliceous and alutninous materials, possessing litile ot no cementitious
value by themselves, bt in finely divided forny and in the presence af moisture react chemically
with calcium hydroxide liberated on hydration of cement at ordinary temperature 1o form

compounds, possessing cemenititious properties.

The Silicious or aluninious compounds in a fincly divided form react with caleium hydroxide w
le. cementitious substunces of complex composition involving calcium, silics and

form highly stab
thiag tlye eryatalline form. The

water, Generally amorphous silicate reacts twnch more rapidly
calcium hydroxide a water <oluble material is converted into insoluble cementitious material by

the reaction of pozzolanic materials.

i« slow and thus the production of heat of hydration and

Initally the pozzolanic reaction
etion involves the consumption of Ca(OH): and thus

development of strength is also slow, The rea
there is no production of CalOH ), The reduction af CalOT1): inereases the durability of cement

paste by making the cement paste dense and impervious.

Pozzolanic naterials may be divided into (wo groups:
1. Natural Pozzolanic Materials:
‘Under this group following materials can be grouped:




o caloned distomaceons sunls

2. Voleame ash, Wits and pumicies
3, Opaline cherts \
4. Clay and shalcs

Natural poezolans need further grinding and calein
their papularity due ro the availability of more acti

2 dmmﬁumam.

rtrg',lﬁ-m_li_ﬁta them, Nowaduys they have lost
Ve artificial pozzolans,
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Effect of Fly Ash

AGE (DAYS)

Fig. 6.12. Change
in rate of the heat evol
concrete with and without ution of

on Hardened Conerete:

Fly ash is an industrial waste, but the use of good quality {1y ash in concrefe has shown following

effects on the concrete propertics

They are:

I. Fly ash being a pozzolanic malerial, its rezetion

ash concrete is less than that of coneretc

age is much greater than that of concrete without fly ash.

2. Fly ash also develops dense texture of concrete,

conerele.

3. As pozzolanic reacion can take place only in the
long curing penod for the development of stren

4. The vse of good q

5, It also increases the durability of ¢

High Volume Fly

oncrele.

Ash Conerete (HVEA):

takes place slowly. The initial strength of My

without fly ash sufficiently but the strength at the later

resulting in the decrease af permeability of

presence of water, thus fly ash conerete necds

wih, Thus it should be cured for longer period.

wality My ash reduces the heat of hydration,
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