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From engineering point of view, rocks are 

significant for two major reasons: 

 Many engineering structures are founded on rock; 

 They are an important building material with numerous 

applications.  

The physical properties of rocks determine their mechanical 

behaviour. Physical properties are commonly determined by: 

 * Testing small laboratory samples  to determine “rock 

properties” 

* Testing intact rocks in the field to obtain “rock mass 

properties’. These properties are controlled by weakness planes 

in the rock rather than by the properties of the intact material . 

 
Rock 

Refers to geological formation 

in its natural location as a 

part of the bedrock mass.  

 

Stone 
Refers to blocks or fragments 

excavated from quarry ledges 

that have been prepared for 

construction use.  

1- Specific gravity, Mass density, Absorption 

Specific gravity, Gs: 

𝐺𝑠 =
Mass of solid in Air

Mass of solid in Air−Mass of solid in Air
  

Bulk Gs=A/(B-C); 

Bulk Gs, saturated surface dried=B/(B-C); 

Apparent Gs=A/(A-C) 

The density can be calculated as=Gs* the density of water. 

%absorption=(B-A)/A *100 

 2- Rock strength 

 The compressive strength: is the compressive stress 

required to break the specimen, calculated for the 

unconfined case as: 

𝜎 =
𝐹

𝐴
  

where F is the maximum applied axial load and A is the cross 

section area of the specimen. 

 The tensile strength of rock are considerably less than their 

compressive strength (10% or even less). Tensile strength 

governs behaviour when a rock is under bending stresses.  

 

if A= mass of solid in air, dried for 24 hrs in an oven; 

B=mass of solid in air, saturated surface dried; 

C=mass of solid in water, saturated, then: 

Only normal stresses Normal and shear stresses 
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3- Elasticity of rocks 

Material deforms under loading. When the load is removed, 

some of the deformation is recovered (elastic deformation). 

The unrecoverable amount is termed (plastic deformation). 

 Commonly, the elastic deformation of rock is directly 

proportional to the applied stress: 

𝐸 =
stress

strain
=

𝐹/𝐴

∆𝐿/𝐿
   

where L is the original length, ΔL is axial deformation and 

E is the elastic modulus (Young’s modulus). 

Axial  

Stress 

Axial Strain 

Elastic 

deformation  

Plastic 

deformation  

Linear &  

elastic 

Axial 

Stress 

Axial Strain 

 Rocks as a natural material show different properties for 

different directions (anisotropic). This is specially true for 

those rocks with bedding or foliation.  

 The E value is lower when a rock is loaded perpendicular to 

the bedding or foliation than that when the rock is loaded 

parallel to those directional features. 

 During axial compression, some lateral deformation happens 

that expressed as a ratio of the axial deformation: 

 

𝜈 =
Lateral strain

Axial strain
=

∆𝐵/𝐵

∆𝐿/𝐿
  or 𝜈 =

∆𝑟/𝑟

∆𝐿/𝐿
 

where B is the lateral dimension, r is the radius and 𝜈 is the 

Poisson’s ratio ranging for most rocks between 0.10 and 0.5.    

L
 

Δ
L

 

r 
Δr F 
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Failure criteria in rocks 

 
 The Mohr-Coulomb Criterion: Rock fails at a critical 

combination of normal and shear stresses: 

See engineering rock mechanics book, Section 6.5 

General material behaviour 

Brittle materials 

Such as rocks, cast iron, and 

glass. Rupture occurs in 

these materials without any 

clear previous change in the 

rate of elongation.  

Ductile materials 

Such as reinforcing steel and many alloys of other 

metals. They have the ability to yield at normal 

temperatures. 

Source: www.spaceflight.esa.int 

http://www.spaceflight.esa.int/impress/text/education/Glossary/Glossary_E.html
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Table 6.2 Ref# , Engineering classification of intact rock based on ultimate strength 

(Deere and Miller, 1966) 

Engineering classification of intact rocks 

1- Based on compressive strength 
 The following classification is proposed by Deere and 

Miller (1966) based on the uniaxial compressive 

strength and the modulus of elasticity; 

 Intact rock is that which can be tested in the 

laboratory and is free of large scale weakness planes 

such as joining, bedding and shear planes; 

 The modulus of elasticity is the tangent modulus at 

one-half the ultimate strength (one-half of the 

ultimate strength is commonly assumed as the 

allowable strength); 

 Rock is subdivided in to five categories as shown the 

following table  

Class Typical Rocks 

A Quartzite, diabase, and dense basalt 

B Most igneous rocks, some metamorphic rocks, most 

limestones, and dolomite, well-cemented, sandstones 

and shales 

C Most shales, porous sandstones, and limestones 

D Friable sandstones, porous tuff  

E Clay-shale, rock salt 

Engineering classification of intact rocks 

2- Based on modulus ratio of 

(E/unconfined compressive strength) 
 

Table 6.3 Ref# , (Deere and Miller, 1966) 
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Summary plot: Engineering 

classification of intact rocks- 

Igneous rocks, see Geology Applied 

to Engineering book. 
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Summary plot: Engineering 

classification of intact rocks- 

Sedimentary rocks, see Geology 

Applied to Engineering book. 
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Summary plot: Engineering 

classification of intact rocks- 

Metamorphic rocks, see Geology 

Applied to Engineering book. 
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Table 6.1 in 

Geology Applied to 

Engineering book. 

Physical properties 

of rocks 
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Los Angeles Abrasion test  
The test designed to aggregate resistance to crushing, degradation and 

disintegration. 

Source: 

http://www.pavementi

nteractive.org/article/l

os-angeles-abrasion/  

𝑙𝑜𝑠𝑠 =
𝑀𝑎𝑠𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 − 𝑀𝑎𝑠𝑠𝑓𝑖𝑛𝑎𝑙

𝑀𝑎𝑠𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙
× 100 

Testing material for engineering use 

 
 Strength and durability are the most important aspects to be 

investigated to decide the suitability of  a given rock as a 

construction material. 

 Durability: generally, refers to the ability to resist wear, pressure, or 

damage. 

  Strength of construction material is normally evaluated by 

conducting abrasion test rather than conducting compression test. 

 Durability test is performed by using the sulfate soundness test and 

freezing and thawing test.   

Source: www.globalgilson.com 

Aggregate 

mineralogy 

Typical Los 

Angeles 

Abrasion loss 

values % 

Basalt 10-20 

Dolomite  15-30 

Gneiss 30-60 

Granite 25-50 

Lomestone 20-30 

Quartzite 20-35 

The concept 

A coarse aggregate sample retained on the No. 12 (1.70 mm) sieve 

is placed in a rotating drum with steel balls. As the drum rotates 

the aggregate degrades by abrasion due to the rotation and the 

contact with the other aggregates and the steel balls. The drum is 

rotated for certain number of cycles. Then, the aggregate is 

removed from the drum and sieved again on the No. 12 (1.70 mm) 

sieve. Percentage of the finer aggregate indicates the abrasion 

level.   

Lower loss values means more resistant to abrasion and higher 

toughness aggregate.  

http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.pavementinteractive.org/article/los-angeles-abrasion/
http://www.globalgilson.com/los-angeles-abrasion-machine
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 Sulfate soundness by use of sodium sulfate or 

magnesium sulfate : 

Used to describe the ability of an aggregate (both coarse 

and fine) to withstand the effects of freezing and 

thawing.  

 

Test concept: 

 

 The sulfate is used to subject an aggregate sample to 

the effects of salt crystallisation inside the pores, 

which simulate ice crystal formation during freezing. 

 The test is performed by exposing an aggregate 

sample to repeated immersions in the sulfate solution 

and later oven drying it to simulate the thawing 

process.  

 One immersion and drying is considered a soundness 

cycle.  

 Typically, five cycles are specified by agencies.  

 Sample is then washed to remove the salt and then 

dried and sieved on specific set of sieves. 

 The loss in weight for each specific sieve size is 

calculated and a weighted average percent loss for 

the whole sample is obtained. 

 Low values of soundness loss are necessary to ensure 

that an aggregate is not likely to weathering by 

freezing and thawing.  

Source: www.pavementinteractive.org 

http://www.pavementinteractive.org/article/durability-and-soundness/

