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FOREWORD

s one who has cbsely watched the author&#39;s interest and involvement in

concrete technobgyforthe past severalyears, Ihave greatpleasure in writting

this foreword.

te is by far the most w idely used construction material today. The versatility and

mou g  ofthis material its hgh compressive strength, and the discovery of the
 and prestressing techniques which helped to make up for its bw tensile
strength have contributed largely to its widespread use. We can rrghtly say thatwe are

in the age ofconcrete.

It is easy to make concrete. There is an okl saying that broken stone, sand, and

cement make good concrete. But the same proportion of broken stone, sand and

cement also make bad concrete. This ismainly because the quality ofthe endproduct

depends as much, and perhaps more, on the man on the job as on the constituent

materials. The difference between good concrete and bad concrete lies in quality

control Extensive research workwas, therefore, carried out alrnostfrom the beginning

ofthis century not only on the materials but also on the methods used for concrete

making. Sti�, notmany men on thejob seem to make use ofthe known techniquesfor

making good concrete which isnecessaryforachieving strong, durable, and economi-

cal construction. This textbook by Prof M.S Shetty will, therefore, help to generate a

betterawareness ofthe potential ofconcrete.

The book deals with several aspects ofconcrete technobgy and also covers the

latest devebpments that have taken place in India and abroad. The coverage is

comprehensive and complete. The properties ofthe constituent materials ofconcrete
have been explained very lucidly in the text. The information on admixtures and on

special concretes, such as air-entrained concrete, vacuum concrete, light-weight

concrete, andgap-graded concrete, wi�be very use�ilto concrete engineersand those

engaged in precast concrete construction. At many places in the text, the author

touches upon some important, down-to-earth problems andgivesspeci�c recommen-

datwns based on hisown knowledge and vastexperience. The chapteron mix design

gives simple and scwntific procedures for the bene�t ofpractising engineers and

concrete technobgists.

One ofthe welcome features ofthis book is the inclusion ofdetaikd information

on recent devebpments relating to fibre-reinforced concrete, sulphur-impregnated

concrete, and different types ofpolymer concrete. The author has hghlighted the

potentialofthese new materials and has laidemphasison the needforfurtherresearch.

The text has been written in simple language and is supplemented by numerous

i�ustrative examples, charts, and tables. The authorhas succeeded inpresenting allthe

relevant information on concrete technobgy in a very effective manner. Iam sure the

book wi� be we� received by students ofconcrete technobgy as we� as practising

engineers and research workers.

M. RAMAIAH 
     
     Director

6l�ructurulE}zgv&#39;zeerz&#39;ng 
     
     Iksearch Centre

11/adras
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PREFACEjTO   THE SIXTH EDITION
J iivesme immense pleasure thatthe book�rstpublished in 1982, has seen more than 25 reprints. The

popularity ofthis book amongst students andpracticmg engineers hasgiven me the encouragement
 revise this bookto make itmore use�tlto them. The proposalandencouragementgiven by officers

 Chand & Company to bring this Sixth Edition in multicobur shouhl make the book more useful and
[attractive

V Concrete technology is becoming a majorbranch ofcivilengineering.1tis becoming the backbone
�ofm/rastructural de velopments ofe very country. E has made tremendous advancement in the western
and the eastern world. Tho ugh Indiaislagging behind, we are catching up fastwith the restofthe world.

E can be recalled that in the preface to the fast edition (1982) Ihad mentioned that the cement
production in India w as 22 mi�ion tons. This was abo ute ght decades a�erwe first started manufacturing
Portland Cement (1904). Eisheartwarmmg to note thatin the subsequent two decades a�er 1982 ie.
in2004, the productionofcementhascrossed120 mi�ion tons. Tbdaywe are the second hrrgestproducer
ofcement in the world, only behind China.

The quantity ofconcrete and othercementproducts made, uti�sing over120 million tons ofcement
to caterforthe tre mendo us in�astructural de ve lopment that is taking place in the country, is making the
concrete industry one ofthe bggestm monetary terms. Western and Eastern co untrieshave been making
concrete ofstrength M40, M80, M100 and o ver. In the rece ntpast, we in India have started using concrete
ofstrength M30, M50 and even M75. We have a bng way to go to learn andpractice the artand science
ofmakmg Hgh Performance Concrete (HPC)yet. The recentrevision ofB456, code ofpractice forplain
and reinforced concrete isguidmg concrete technologists to make strong and durable concrete.

Ihave grown olderby twenty three years since Iwrote the first edition. During these 23 years and
especia�y in the last15years, Ihave had opportunitiesto delive rnumero uslecture s, training site engineers,
co nductmg trials at large project sites, througho ut the co untry which has made me once again a student
ofconcrete technology and motivated me to revise this book.

Majorrevision has been carried out in Fifth and Sixth Edition. Tbpics, such as blended cements, use

ofadmixtures and theiruse, field trials to �nd outtheb&#39;suitability, compatrbi�ty and dosage, RMe, pumping
of concrete, latest methods mix design step by step, and extensive unconventional deliberation on
durability, have been included.

Another specialfeature of this &xth Edition is the inclusion of»%IF COMPACTWG CONCRETE a
revolutionary method ofconcrete construction. This innovative method which isfound only injoumals
and se minarproceedings is rarely incorporated in text books. &&#39;miIarly, other latest research information
on Bacteria Concrete Geopolymer Concrete and Basalt�bre concrete are also included.

The book incorporates rele vant information on numero us Indian standard speci�cations and code of
practices relating to cement and concrete, including the hrtest revision ofE456&#39; of2000 in respect of
section 2 on materials, workmanship, inspection, testing and acceptance criteria. The book should serve
as a vehicle to disseminate the information to all those who are mterested in concrete construction.

Iam sure thatthismulticolournevisededitionwzllprove to be very use�tlto students ofengmeering,
architects, practicing engineers and teachersin allengineering co�eges. Kthis book helps to enthuse the
readers and enable them to make betterconcrete atourconstruction sites, Iwouldfeelthat my efforts are
wellrewarded.

Iwould like to express my sincere thanks to Sari Samir Surlaker, an authority on admixtures and
construction chemicals in India, forhehring me to enhance the technicalcontent ofthis book. Iam also
thankfulto the o/�cersand sta�"ofM/s S Chand &Co mpanyltd. w ho were extremely amicable and hekr�il
to bringing out this sixth edition in Multicolour.

Place: Purle

May 2005 M.S. SHETTY
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PREFACE TO_ THE FIRST EDITION-

» ement mortar and concrete are the most widely used construction materials. It is
T  to point out another material of construction which is as versatik as

concrete. It is the material of choice where strength, permanence, durability,
irnpermeability, fire resistance and abrasion resistance are required. It is so cbsely

associated now with every human activity that it touches every human being in his day

g to daylliving.
I T �iii�"Cementconcrete isone ofthe seemingly simple but actua�y complex materials. Many

ofits complex behaviours are yet to be identified to empby this materialadvantageously

andeconomica�y. The behavio urofconcrete with respectto bng-term drying shrinkage,

creep, fatgue, morphobgy ofgel structure, bond, fracture mechanism and polymer
modified concrete, �brous concrete are some ofthe areas ofactive research in orderto

have a deeper understanding ofthe complex behaviour ofthese materials.

In any country, construction acco unts forabout 60 percent ofthe plan outlay. Out

ofthis, cementand cementproduct woukl accountformore than 50 percent. Today in

India the annualconsumption ofcementis in the orderof22 million tonnes. Eisestimated

that the cost ofmortar and concrete made from 22 mi�ion tons ofcement woukl work

out to aboutRs. 4,000 crores which isabout1/5 ofthe plan outlayforthe year1982�83.

It is in this context that the knowledge ofconcrete technobgy assumes importance.

Concrete isa site -made mate rialunlike othermaterials ofconstruction and as such can

vary to a very greatextent in its quality, properties andperformance owing to the use of

naturalmaterialsexceptcement. From materials ofvarying properties, to make concrete

ofstipulated qualitites, an intimate knowledge ofthe interaction ofvarious ingredients

thatgo into the making ofconcrete isrequired to be known, both in the plastic condition

and in the hardened condition. This knowledge is necessary forconcrete technobgists

as well as forsite engineers.

This book is written mainly to give practical bias into concrete-making practices to

students ofengineering and site engineers. Practical bias needs good theoretical base.

Approach to practwalsolution should be made on the basis ofso und theoretwalconcept.

Sometimes, theory, howevergood, may not be applicable on many practwalsituations.

This is to say, thatparticularly in concrete-making practices both theory and practice go

hand in hand more cbsely than in many otherbranches ofEngineering mainly because
it is a site made material.

There are many good books written on this subject. But there are only afew books

dealing w ith condit&)ns,practice and equwmentavaihzble in thiscountry. Moreover; most

ofthe books refer to only British and American standards. It has been the endeavour of

the author to give as much information as possible about the Indian practice, Indian

standard specifkations and code ofpractices forconcrete making. Ethis book helps the

readerto make betterconcrete in the field, my efforts, Ifeel are rewarded.

Pk/ice: Pune M. S. SHETTY
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CONCRETE
IN THE UNENDING SERVICE

OF NATION BUILDING

SARDAR SAROVAR DAM : Sclrdar Scrrovcrr Project is an Inter-State Mutti-Purpose project of National
Importance. It is one of the Iorgest projects under implementation anywhere In the world.
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4

THE IDUKKI HYDROELECTRIC
PROJECT, KERALA : The
reservoir covers nearly 60
square kilometres and has a
catchment of 649 square
km. Water from the reservoir
is taken down to the
underground power house at
Moolamattom through an
underground tunnel, yielding
an average gross head of
2182 feet (665 metres). The
project has an installed
capacity of 780 MW with firm
power potential of 230 MW
at 100 per cent load factor.

>
THE BHAKRA DAM is a
majestic monument across
river Sutlej. The construction
of this project was started in
the year 1948 and was
completed in 1963 . It is 740
ft. high above the deepest
foundation as straight
concrete dam being more
than three times the height of
Qutab Minar. Bhakra Dam is
the highest Concrete Gravity
dam in Asia and Second
Highest in the world.

4

SAI GANGA approach canal
for water supply to Chennai
Metro.
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DELHl METRO Railway Station
under construction.

THE BA:-iA&#39;i HOUSE or WORSHIP
known as the Lotus Temple, built

near New Delhi.

Diamond shaped �MANI KANCHAN� � Gem Unconventional building with pleasing
& Jewellery Park at Kolkata. architecture.
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TARAPUR ATOMIC POWER PROJECT : Reactor
Building no. 3 8: 4.

Fully automatic construction of concrete
pavement.

A

A view of large oval shaped dome
under construction over Connaught
Place Metro Railway Station. It is going
to be a new landmark over Delhi Metro.
It will be a modern version of Palika
garden � A pride feature of Delhi Metro
Project.

>

Sky Bus Metro, Goa
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Building 
     
     Heights, m

300

250
l

200

150

100

50

* Reinforced concrete frame
T Composite concrete/steel frame
** Also includes one experimental column of 117 MPa

SOME HIGHRISE BUILDINGS AROUND THE WORLD

NewYork NewYork Chicago NewYork Chicago H°"9 K°"9 Dallas H°�9 K°"9 K"a&#39;1�9L�9�g�p"&#39;
1930 1931 1969 1972-1973 1974 1974 1986 1989 °

Eiffel Chrysler Empire John World Sears Hongkong First Bank of Petronas
Tower Building State Hancock Trade Tower ans Shanhai Interstate China Towers

V Building Building Center Center Bank Bank Bank Tower

Paris 1889

321 m 319 m 381 322 m 417 and 415 m 443 m 179 m 219 m 369 m 451 m
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A CHANNEL TUNNEL RAIL LINK (UK).
Tunnel diameter: 6.84 m and 8.15 m. Number
of segments 9+key. Segment thickness : 350
mm. Concrete grade : 60 MPa. Dramix steel
fibre reinforcement is used for casting
segments without conventional steel.

4
PETRONAS TWIN TOWERS in Kuala Lumpur
Malaysia : One of the tallest (45lm.)
buildings in the world.

. . . . and many many more to
expand and reshape the world
we live in, � all in concrete.
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