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CHAPTER 01 @@C1@@

Building Stones
Classification of rocks, qualities and tests of stones, quarrying and dressing, preservation, Indian stones and

artificial stones.

1.1 Classification of rocks@@S1.1@@

A rock is an aggregate of minerals; a stone is a piece of rock that has been quarried and shaped for use. Building

stones are classified in three ways — by geological origin, by physical structure and by chemical composition. All

three are asked in exams, usually as "match the stone with its class".

IGNEOUS

cooling of magma

SEDIMENTARY

deposition, cementation

METAMORPHIC

heat + pressure

weathering alteration

Granite (plutonic)

Dolerite (hypabyssal)

Basalt, trap (volcanic)

Diorite, syenite

Sandstone, limestone

Shale, laterite

Dolomite, gypsum

Conglomerate, kankar

Gneiss, quartzite

Marble, slate

Schist, phyllite

Serpentine

Metamorphic changes (parent rock → metamorphic rock)

Granite Gneiss Sandstone Quartzite Limestone Marble Shale Slate → Schist

Geological families of rocks with examples and the common metamorphic changes

Physical and chemical classification

Basis Class Meaning Examples

Physical Stratified Layered (bedding planes); split easily along beds Sandstone, limestone, shale

Physical Unstratified No layers; compact crystalline mass Granite, trap, basalt, marble

Physical Foliated Split in one direction only (foliation, slaty cleavage) Gneiss, schist, slate

Chemical Siliceous Silica (SiO₂) is the main constituent; hard, durable Granite, quartzite, trap, gneiss

Chemical Argillaceous Clay (alumina) is the main constituent; dense, brittle Slate, laterite, shale

Chemical Calcareous Calcium carbonate is the main constituent; affected by acids Limestone, marble, dolomite

Igneous rocks: plutonic (deep-seated, slow cooling, coarse crystals — granite), hypabyssal (shallow —

dolerite) and volcanic (surface flows, fine grained — basalt, trap).

Sedimentary rocks form from deposition of weathered particles and are cemented by silica, lime, iron oxide

or clay; the cementing material governs durability (siliceous cement best).

Metamorphic rocks are earlier rocks altered by heat and/or pressure; they are usually harder and denser than

the parent rock.

Laterite is a porous, iron-rich (red-brown) sedimentary rock that is soft when quarried and hardens on

exposure to air — cut directly into building blocks in Kerala, Konkan and Odisha.

Exam trap: Marble is calcareous (chemical class) but metamorphic (geological class); slate is argillaceous and

foliated. Read which classification the question asks for.

1.2 Qualities of a good building stone@@S1.2@@

The choice of stone depends on the structure, the exposure and the cost. A good building stone is strong, dense,

durable and easy enough to work. The commonly accepted limits are given below.
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Requirements of a good building stone

Property Requirement / typical value

Crushing strength > 100 N/mm² for building stone

Water absorption (24 h) < 5 % by weight (good stone); > 10 % generally rejected

Specific gravity > 2.7 for a good, heavy stone (dense = strong, less porous)

Hardness (Dorry) Coefficient of hardness > 17 for road work

Toughness (impact) Toughness index > 19 for road work

Appearance Uniform colour, free from clay holes, spots, cracks and soft patches

Seasoning Quarry sap removed by drying for 6–12 months before use

Durability depends on density, mineral composition and resistance to weathering (rain, frost, wind,

temperature change, chemicals, plants).

Fire resistance: argillaceous stones (and sandstone) resist fire well; granite cracks in fire because quartz

expands suddenly; limestone and marble calcine to lime.

Dressing: soft stones dress easily; granite is hard to dress but takes a high polish.

Natural bed: the plane along which a sedimentary stone was deposited. A stone is strongest when the load

acts perpendicular to its bedding planes.

load

(a) Wall

beds horizontal,
⊥ to load

(b) Arch

beds radial,
⊥ to thrust

(c) Cornice

beds vertical,
⊥ to face

thin lines = natural bedding planes

Placing stones on their natural bed

Exam tip: Natural bed rules: walls — beds horizontal; arches — beds radial (perpendicular to the line of thrust);

cornices, string courses and projecting stones — beds vertical and perpendicular to the face.

1.3 Tests on stones@@S1.3@@

Laboratory and field tests check strength, durability, hardness and wear resistance. Specimens are usually tested

dry and saturated; a large drop in strength on saturation indicates a poor stone.

Water absorption

W₁ = oven-dry weight; W₂ = weight after 24 h immersion

Crushing strength

P = load at failure (N); A = loaded area (mm²)

Coefficient of hardness (Dorry)

W = loss of weight (g) after 1000 revolutions on the abrasion
disc

Attrition (Deval) — percentage wear

W_loss = material passing 1.7 mm sieve after the test

w ​ =a ​ ×
W ​1

W ​ − W ​2 1 100 % f ​ =c ​

A

P

C ​ =h 20 − ​

3
W

Wear = ​ ×
W ​initial

W ​loss 100 %
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Tests on stones — purpose and procedure

Test Measures Key points

Crushing test Compressive strength Cube/cylinder specimens, loaded to failure; dry and saturated

Water

absorption

Porosity, durability 24 h immersion; < 5 % for good stone

Attrition (Deval) Resistance to wear by

rubbing

Cylinders inclined at 30° to the axis of rotation; 10,000 revolutions at 30–33 rpm

Impact (Page)

test

Toughness 25 mm × 25 mm cylinder; 2 kg hammer; first drop 1 cm, raised 1 cm each blow;

blow number at failure = toughness index

Hardness

(Dorry)

Abrasion hardness 25 mm cylinder pressed on a rotating disc with sand; 1000 revolutions

Acid test Resistance to acids/

smoke

Sample kept in about 1 % HCl for 7 days; edges should remain sharp

Smith's test Soluble earthy matter Chips shaken in clear water; turbid water ⇒ clay/earthy matter present

Crystallisation

test

Weathering durability Repeated soaking in sodium sulphate solution and drying; loss of weight

recorded

Freezing–

thawing

Frost resistance Saturated specimens frozen and thawed repeatedly; check for flaking, weight

loss

Microscopic test Mineral composition,

texture

Thin sections examined under a microscope

Toughness index and coefficient of hardness — interpretation

Rating Toughness index (impact) Coefficient of hardness (Dorry)

Poor / not tough < 13 < 14 (not for road work)

Moderate / medium 13–19 14–17

High / hard > 19 > 17

Mohs scale of hardness

Hardness Mineral Hardness Mineral

1 Talc (softest) 6 Orthoclase (feldspar)

2 Gypsum 7 Quartz

3 Calcite 8 Topaz

4 Fluorite 9 Corundum

5 Apatite 10 Diamond (hardest)

Field scratch test: a fingernail scratches up to hardness ≈ 2.5 (gypsum); a steel knife scratches up to ≈ 5.5;

quartz (7) scratches glass.

Brard's test is the older laboratory test for frost resistance using boiling sodium sulphate solution (crystal

growth imitates ice formation).

Worked example — Water absorption

A dry stone specimen weighs 2.50 kg. After 24 h immersion it weighs 2.58 kg. Find the water absorption and

comment.

1.  %

2. 3.2 % < 5 % → acceptable for building work

Answer: Water absorption = 3.2 % — good stone

w ​ =a (2.58 − 2.50)/2.50 × 100 = 3.2
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CHAPTER 06 @@C6@@

Concrete Technology I — Fresh and Hardened
Concrete
Water for concrete, w/c ratio laws, workability and its tests, segregation and bleeding, production and curing,

strength and elastic properties, creep, shrinkage and durability (IS 456).

6.1 Water and the water–cement ratio@@S6.1@@

Water used for mixing and curing must be clean and free from harmful amounts of oils, acids, alkalis, salts, sugar

and organic matter; potable water is generally satisfactory (IS 456 cl 5.4). Sea water must not be used for RCC

or prestressed concrete.

IS 456 limits for mixing water: pH ≥ 6; organic solids ≤ 200 mg/L, inorganic ≤ 3000 mg/L; sulphates (SO₃) ≤

400 mg/L; chlorides (Cl) ≤ 2000 mg/L for PCC and ≤ 500 mg/L for RCC; suspended matter ≤ 2000 mg/L.

Neutralising 100 mL of sample needs ≤ 5 mL of 0.02 N NaOH and ≤ 25 mL of 0.02 N H₂SO₄.

Test with doubtful water: 28-day cube strength ≥ 90 % of cubes made with distilled water, and initial setting

time not to differ by more than 30 min.

Abrams’ law: for fully compacted concrete made with given materials, strength depends only on the water–

cement ratio — the lower the w/c, the higher the strength, provided the mix can still be fully compacted. Powers’

gel–space ratio explains why: strength depends on how much of the space available is filled by cement gel.

0.3 0.4 0.5 0.6 0.7 0.8

fully compacted
(vibrated): S = A / B^(w/c)

hand compaction —
strength falls at low w/c

Water–cement ratio (by mass)
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Abrams’ law — strength vs w/c ratio

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0

50

100

150

200

250

w/c 0.5, α = 0.7 → 62 MPa

S = 240 x³ (Powers)
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Strength vs gel–space ratio

Abrams’ law

A, B = empirical constants

Gel–space ratio (Powers)

α = degree of hydration (0–1)

Strength from gel–space ratio Cylinder vs cube strength

6.2 Workability and its measurement@@S6.2@@

Workability is the ease with which concrete can be mixed, transported, placed and fully compacted without

segregation. It increases with water content, use of plasticisers, rounded and well-graded aggregate and higher

paste content; it decreases with angular, flaky or porous aggregate, more fines, high temperature and time.

S = ​

B w/c

A
x = ​

0.319α + w/c
0.657α

S = 240x  N/mm3 2 f ​ ≈cyl 0.8 f ​cube
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Workability for placing conditions (IS 456 cl 7)

Placing condition Degree Slump (mm)

Blinding concrete; shallow sections; pavements laid by pavers Very low See note (CF 0.75–
0.80)

Mass concrete; lightly reinforced slabs, beams, walls, columns; floors; hand-placed

pavements; canal lining; strip footings

Low 25–75

Heavily reinforced slabs, beams, walls, columns Medium 50–100

Slipform work; pumped concrete Medium 75–100

Trench fill; in-situ piling High 100–150

Tremie concrete Very

high

Flow test (cl 7.1.2)

100

200

300

Slump cone
(mm)

slump

True slump
uniform subsidence

Shear slump
lateral slide

Collapse
very wet

Slump = fall of the top of concrete after lifting the cone
(filled in 4 layers, 25 strokes each with 16 mm rod)

Slump test and types of slump

upper hopper

lower hopper

cylinder
150 mm × 300 mm

trap door

trap door

CF = mass partially compacted ÷ mass fully compacted

Compacting factor apparatus

Slump test (IS 1199): frustum 300 mm high, 200 mm bottom and 100 mm top diameter; for medium–high

workability. A shear slump means lack of cohesion — repeat the test.

Compacting factor test: concrete falls through two hoppers into a cylinder; suitable for low workability. CF ≈

0.78 very low, 0.85 low, 0.92 medium, 0.95 high.

Vee-Bee consistometer: time (s) to remould a slump cone of concrete into a cylinder by vibration — for very

dry (very low workability) mixes; the higher the time, the lower the workability.

Flow table test (spread after 15 jolts) for high-workability mixes; Kelly ball penetration as a quick field test.

Compacting factor

 = partially compacted mass,  = fully compacted mass in

the cylinder

6.3 Segregation, bleeding, production and curing@@S6.3@@

Segregation: separation of coarse aggregate from mortar (or water from the mix). Causes: excess water, poor

grading, dropping from height, over-vibration, long transport on rough roads. Bleeding: water rising to the

surface after placing, leaving a weak, porous laitance layer and channels; reduced by finer cement, air

entrainment, pozzolanas and proper grading.

Batching: weigh batching (accurate, IS 456 recommends) or volume batching (allowance for bulking). Mixing

in a mechanical mixer until uniform — generally at least 2 minutes.

Transport: pans, wheelbarrows, chutes, buckets, transit mixers, pumps, conveyors — without segregation or

loss of slump. Placing as near its final position as possible, in layers, without large free fall.

CF = ​

W ​f

W ​p

W ​p Wf
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PART B

Compact Summary Notes
Building Materials & Construction

Illustrated one-page-per-topic revision sheets — read these in the last days
before the exam, after studying the detailed notes in Part A.

Summary notes page 50

10 pages of summary notes
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