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Part 3

Engineering Properties of Rocks

Engineering properties of rocks is a collective nomenclature which includes all such properties of rocks
that are relevant to engineering application after their extraction from natural beds or without extraction
L.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 as and where it exists. That would determine

its suitability or otherwise as a construction site for a proposed engineering project.

I. Crushing Strength

It is 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

Co =P/A

Where C. = Compressive strength, P= Load at failure, 4 = Area of cross section of stone under P
The determination of compressive strength of a building stone involves making standard test specimens
(which are either cubes of 5cm side or cylinders of length: diameter ratio of 2 or 2.5). These specimens
are then loaded gradually one at a time after placing on the base plate of a 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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! the -cﬂTI'I-PI‘ESEIWG strength is tested by a method providing a lateral support , as by keeping the
Specimen in a special eell filled with a liquid under pressure. The value obtained, then it is called as
confined or triaxial compressive strength.

The crushing strength of a rock depends on a number of factors, such as its
HH Mode of formation
Composition
Texture and structure
Moisture content and
- extent of weathering it has already suffered
Igneous rocks are crystalline rocks. They are compact and characterized by interlocking in texture and
uniform in structure. These rocks possess very high crushing strengths compared to sedimentary and
m rphic rocks. In the sedimentary and metamorphic rocks, the presence of planes of weakness along

es, greatly affects the compressive strength, both in direction and magnitude.

e structure. Except for sandstone, quartzite and most ?ther sedin}enta.ry
posed of clays, calcareous and hydrated silicate minerals which are

es are generally higher than the loads that they are



The compressive stren
iths .
Dolerite=1500-1500 Hl;q::ltrlrls;ri? racks and their range are as follows. They are ex el
Gneisses=500-2500, San s uATIZite=1500-300, Granite= 1000.2500, pabtoeenon srr
=5 S&nd Stone= 200.2500, Limestone= 200.2000. R el e
e x aran

During the last few
ears ands of ]
it ngt: - t;|1:::1:;db1::: lt;sllzl- have been made 1o classify the rocks on the basis of uniaxial
mpre: re . I'he fo i il :
T e owing classification proposed by Deere and Miller has been

Class Description Uniaxial compressive strength{Kglem2
A Very high strength More than 2240

B High strength : 1120—2240

C Medium strength S00—1120

D Low strength 200—500

E Very low strength less than 200

2. Transverse strength:
It is defined as the capacity of the stones to withstand bending loads. Such loads are only rarely involved

1m 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?
Lok or S SF o GF Gt oF o o o oF oF oy ot oF of oF 2

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

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

20cmsxBemx8cm dimension and is supported at ends from below.
It has been found that in stone, the transverse strength is generally 1/20'™ 1o 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/cm2.

In laboratory testing, a bar shaped specimen 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 na ki

R ;1::; of !‘lat_kmg of the grains of a rock give rise to the property of porosity or

G o poce spaces.:ﬂd t:, "':"“'ll" a rock. Numerically it is expressed as the ratio between the total
e total volume of the rock sample. Porosity is commonly given in percentage

terms. I resence "I 'i['l‘terl ing 1 5 217 ab i " E M| crials
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Conversely the i i i
s }" mﬁk_“f'l_ll h..: h1.i:'|ll‘:." porous it composed of spherical or rounded grains, (sandstone) or if
e cementing material is distributed unevenly or is of poor character, .

Pﬂmf‘"fﬁ' is an important engineering property of rocks. It accounts for the fluid absorption value of the
stones in most Cages 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%,
Ea;;:l- 0.1 to 1%, Sandstone- 5 to 25%, Limestone- 5 to 20%, Marble- 0.5 to 2%, Quartzite- (1.1 to

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

obtained from the relationship

Absorption Value = (Ws-Wa)/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
absorption or 10% or even more. Selection of such highly porous verities of these stones for use in building

construction, especially in most situations, would be greatly objectionable.
Presence of water within the pores not only decreases the strength of the rock but also makes the stones

very vulnerable to frost action, in cold and humid climatic conditions.
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7.Density :
Itis defined as weight i f
: Per unit valu
e e e e 1r|-,n¢ of a substance. But in the case of rock it is not only the solid al
of pores or open spaces u.l:ip.h f |I: total volume of a given specimen.A part of the rock may Efl:'-:'::lj":[;-"’ "
8. W !TIU-}' be emply f - p L i
Pty, parily filled or wholly filled with water Accordingly, three
|

}'E]f‘ {I dcl [}r ¥ b': d|5|.| 5 1 N0 ¥ 1 J
3 na Bl hed
I ks. hl_"':r are ¢'|:| ¥ dens S | ) bulk dens| [y nd £} saturatec

|. Dy density: It is the wei i
Y. ight per unit vaol ' i
B et e ke el ume of an absolutely dried rock specimen, itincludes the volume
2, Bulk density: It is the wei |
] ght per unit valume of = Wi turs stur £

B s Tl Bag AT i it Gafoe a rock sample with natural moisture content where
1. Saturat (& i

rated density: It is the density of the saturated rocks or weight per unit volume of a rack in which
all the pores are completely filled with water.
Th':‘ fDlJTfh type is also recognized as true density. Itis the weight per unit volume of the mineral
ma er{u\rlfhﬂ-ut ;Ipcres and water) of which a rock s made up. The most engineering calculations, it is the
bulk density which is used frequently,
Bulk density values in gram/cubic em for some common building stones are granite-2.7, basalt-1.9,
sandstone-2.6, and limestone-2.2 to 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 another.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 arid 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.

ranite may look quite appealing. In such cases, when

Stones composed of more than one mineral like g
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 .
tion of building stones or rocks when used in situations

Many building stones show quick disintcgra |
involving frost formation (excessive cold) or heating. Frost causes disintegration by expansion of water

on breezing within the rock pores.

In the case of fire, the unequal expansion in different mineral components and also at different dﬂpl.’ffs
from surface inwards may cause disintegration. This effect becomes more pronn_unnad w.hm the rock is
first heated and then suddenly cooled by water by water. Heavy stones including granites crumble to
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~ piecesunder such a treatment. It is easy to understand that rocks w

y hich are found porous and weak in
~ strength are easily deteriorated in cold h

imid climates by frost action. Limestone and sandstones fall in
this catcgory. They show very poor frost resistance,




Fire resistance is especially determined when the stone is intended for use around stoves
heating places and in the wall of furnaces,

Only compact and massive sandstones and
quartzites suite reasonably well in fire and heating places.

10.Tensile Strength:

Tensile strength of a rock is related to its ability to withstand breakage. 1t happens after
: ‘WI.F_I'WL Thltlwel i8 its strength. It may be determined directly or indirectly. The tensile
w mﬂl ﬂlﬂim to be applicd to a material to break it. It is measured as a force per

wwl,clmquhn alahmto means to avoid hend.mg while applying

| test. Tt mnsiiu uf hndm; a test cylinder
ed luads would dnvdop tmnh rupturing along the




Alkali Aggregate Reaction

In most concrete, agpregates ;

L S nll};allifllill.j:lmd.uru_r'unru or less chemically inert. However, some

many years. This alka-lii.,mj €5 1N concrete, causing expansion and ;r‘:;:i;,,.':‘h?fr’_"::“fﬂ1':s

aggregate reaction has two forms: alkali-silica r-_"L.I'-nI.nIII- '*-.I:*.f;”m-;nr
. S1EICE achid 't ) an

alkali-carbonate reaction (ACR)

Alkali-silica reaction (ASR) is of more concern
hf'L:ELI :‘:.l: Rgg[(:gﬂlt,‘!i l:ﬂn"!il‘ﬂ r'.::r reactive \"-I'-'-::L
mu1e1'_1a!.s are more common. In ASR, aggregates
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 to damage concrele

Typical indicators of ASR are random map cracking
and, in advanced cases, closed joints and attendant
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

action.

Alkali=silica reaction can be controlled using

certain supplementary cementitious materials. In-
proper proportions, silica fume, fly ash, and ground
granulated blast-furnace 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
commaon becanse of the measures taken to control it.

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

It is also imp

n (ACR) is observed with certain dolomitic

the breaking down of dolomite, is normally

This reaction and subsequent crystallization

xpansion. The deterioration caused
lar to that caused by ASR; however,

sceptible to this

Alkali-carbonate reacfio
rocks. Dedolomitization,
associated with expansion.
of brucite may cause considerable ¢
by alkali-carbonate reactions is simi
ACR is relatively rare because aggregates su
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reasons. Aggregaies susceptible t
identified by petrographers. Unhlf-.}eﬁﬁc]:l'mn
ic

cementing mate

that ACR. susceptible aggregates not be

Groufing

rials does not prevent de

used in

concrele,

Grouting is generally a
‘ mixture of cem
Different type of groutin ent, sand and water
e £ are use i ;
of repairing of concrete cracks ltllﬁirr\m dli'f“erem purposes but generally They are used in the purpose
: g scams and gaps in tiles, scal and Ml én]-.,-. far ""'”El'p;nlnﬁ,,'ﬂ' e

COUrses, a Ld & S)DI] S-lﬂh“i? | i FiT fal i ] (| ve gxtra stre ih
. ralion in hﬂ ing wel I i i e -
t- ! t-.l I 1 ;" E & “d Uuﬁda['l an. 1L is alzo used to l=',,| ‘e extra st Ing]

Grouting is the applicati i
plication that we ut & mi i :

epoxy) 10 il ioa: spaces At cnsy “s::ﬁa mix of cement and _:mnd along with other material (such as

prestressing in concrete is the post lens Uring some construction gperation. for cxample, one type of

or slab then we cast © post tensioning process. In this process we imstall tubes in concrete beam

srésiiviing b space E:ﬂ;mgh aﬂer!mncrclt hardening we insert steel strands inside tubes for
; will resull between steel insi ' . fube is fille

afterwards by grouting. e sirands and inside wall of the tube 18 filled

Pozzolonic Materials :

Pozeolanic materials are siliceous and

value by themselves, but in finely divided form and in the presence of moisture react chemically

with caleium hydroxide liberated on hydration @

compounds, po

The Silicious or aluminious compounds

ssessing cementitious properties.

form highly stable. comentitious substances of c

water. Generall

calcium hydroxide a water soluble material 15 conve

y amorphous silicate reacts mucl

the reaction of pozzolanic materials.

Initially the pozzolanic reaction is slow an
development of strength is also slow. The rea
there is no production of Ca(OH):.
paste by making the ce

Pozzolanic materi

| Natural Pozzolanic Materials:
Under this group following materials can be

aluminous materials, possessing little or no cementitious

{ cement at ordinary temperature 10 form

in a finely divided form react with caleium hydroxide 1o

omplex compasition involving calcium, silica and
1 more rapidly than the erystalline form. The
ried into insoluble cementitious material by

d thus the production of heat of hydration and
ction invalves the consumplion of Ca(OH): and thus
The reduction of Ca(O!l 1}: increases the durability of cement

ment paste dense and impervious.

als may be divided into two groups:

grouped:

k
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. Caleined diatomaceous earthg

2. Volcanic ash, uffs and Pumicines
3. Opaline cherts

: 4, Clay and shales \
ij,nj pozza:alans need further grinding and caleining 1o activale them, Nowadays
their popularity due to the availability of more active artificial pozzolans.

2. Artificial Pozzolanas:
Under this group following substances are grouped:

they have lost

1. Silica fume

mbustion of powdered coal. Itis a waste product from
y locomiv . i he ot cominen il e
herical DE%WFWMMQIMW _"_,
- E o _
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Effect of Fly Ash on Hardened Concrete:
Fly ash is an industrial waste. but the use of good quality {ly ash in concrete has shown following

effects on the concrele propertics

They are:
I. Fly ash being a pozzolanic material. its reaction takes place slowly. The initial strength of fly
ash concrete is less than that of concrete without fly ash sufficiently but the strength at the later

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

2. Fly ash also develops dense texture of concrete, resulting in the decrease of permeability of

concrele,

thus fly ash concrete needs

n can take place only in the presence ol water,
arcd for longer period.

3. As pozzolanic reactio
development of strength. Thus it should be ¢

Jong curing period for the
4. The use of good quality fly ash reduces the heat of hydration.

51t also increases the durability of concrete.

High Volume Fly Ash Conerete (HVFA)

FoET, LU i

Gaurav Srivastava, Civil Engg. Deptt.,



resent India generates about 1o X 1k
i

{
| linnes of fly asp and aut g g,
ment, i Which 10 1 30% addjy;

: Ition of
Posal of fly agp, has beoy

e king hlended or Pozzolanie ce
in et
content is permissible, Thye the dig
VattTel .ni:
ctical approaches 1o reduce the dignne,
. ¢ disposa) Problem gof My ash i
volume fly ash concrere,

The high volume Ny ash cancrelg jg

A Concrege iy
was developed for use fior

which 50 14 LIS
the mass COncre

e structures g d
Main consideration,
durahility and mechanieg|

Ny ash ig INcorporated, Fips; iy

20 4ms where the develn ment of low
heat of hydration is the L: i .
-1t 0N the use of this cor
Properties requipe

found useful for light weighy concrele,

nerete showed excellent

d Tor struciural and pavement comstructions. [i is also

shot ¢ reating and roller compacied concrete,

Properties of High Volume Fly Ash Conerete;
Experiments carried out at Canada centre for Mineral and Energy Technology with more
fluid concrete having 18.0 to 20 ¢m slump have been observed as follows:

1. Bleeding and Setting Time:

Due to the low water content in high volume fly ash concrete, bleeding also is very low. T11'~‘_
setting time is little longer than that of conventional concrete. Its use in cnlr_!. w“alhﬂ_mnnilﬂ
should be done with great care. The form work cannol be removed early as in the case of ordinary

cement concrele,

Heat of Hydration: = B e
£ 1 tents of cement, its heat of hvdration is low. Experiments have show
Due to low con ,

hl L] ﬂ asn,
1|| Il on III ||- 'l"l]ll. ne &' :lElI ik 15 .'f |1u-55 thﬂ-n Drd'lnﬂr_‘r' can 1 1l
15 Ij I i CTEIC W I:I 1] W |'|

3. Curing Period: . i
be cured effectively
high {1y ash concrete has to . . vt
o WIuml: : h concrete to obtain the continued pozzolanic reaction for the develop
well as normal M1y as

ing by covering the surface
ted from pre=matured drying
|d be properly protec
of strength. It shou

properly.

longer period than ordinary as

4. Durability of (HYFA) Concrete:
[nvestigations carried out in Canada
excellent durability.

& 11.S.A. has shown that high volume {ly ash conerele has

echanical Properties: iy
;“ mechanical propertics also have been found excellen
ts
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