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1. Vision, Mission, PEO’s, ’0's & P50s

a).Vision of Civil Engineering Department

creative vibe for the sustainable developmest by instilling scientific temper with ethical

& To give the world new sge civil engineers who can transform the society with their

human outlook.

b). Mission of Civil Enginecring Department

To make the depurtment a Centre of excellence in the fiekd of civil engineering and

allied research

To promaote innovative and original thinking in the minds of budding engineers to

face the challenges of futire,

¢). Program Educational Objectivey of Civil Engineering Department

Graduates will wtilize the foundation in Engineering and Science to
improve lives and livelihoods through a successful career in Civil

Giraduates will become effective collaborators and imnovators, leading
or participating in ffins 1o address Social, Technical and Business

FEOI
Engineering or other lields
RO |
Challenges
PEO3

Graduates will :ng_ugt:}i l.-.i't':-l__ﬂ_hyﬁ:lming and professional
development through Self-Study, continuing education or graduate and

profiessional studies in engineering & Dusiness

d) Program Qutcomes of Civil Engineering Department

POI1 Fundamental engineering analysis skills:
An ability to apply krowledge of computing, mathematical foundations,
algorithmic principle:, and civil enginsering theory in e modelling and
design of 1o civil engineering problams.

PO2 Information retrieval skills: An sbility 10 design and conduct

experiments, as well g5 1o analyre cnd interpret data.
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P03 Creative skills: An sbility to desi _.,E mplement, and cvaluate a system,
process, component, o program o meed desired needs, within realistic

constrains such as econamic, snyvironmental, social, political, health and
safety, manufacturability, and sustsinability, Graduates have design the

COM PEIENCe.

PO Teamwork: An ability to function =Fectively on multi-disciplinary

leams.

POS Engineering problem solving skills: An ability to analyze a problem, |

and identify, formulate and use the appropriate computing and

engineering requirements for oblaining its solution,

P06 | Professional integrity: An undersianding of professionul, ethical, legal,

security and social issues and  responsibilities. Graduales must

understand the principles of ethical decision making and can interpret

the ASCE Code of Frhics. Graduotes will understand the proper use of

the work of others (e.g., plagiarisin, copyrights, and patents). Graduates

will understand the special duty they owe to protect the public’s health,

iuji.,t:r and welfare by vire of their professional status as engineers in

sockety,

POT Speaking / writing skills. An ability 10 communicate effectively, both in

writing and orally. Graduates ere able o produce engineering reports

using written, oral and grephic methods of communication.

POS Engineering impuct assessment skills: The broad education necessary

to analyze the local and giobal impact of computing and engineering

solutions on individuals, orgenizal ons, and society.

| PO9 Social awarcness: Krowledge of contemporary issues, Students are

aware of emerging technologies and current professional issues.

POL0 | Practical engineeric s analysis skills. An ability 10 use the tl:quuﬂs,
| . skills; and modem erginesring tonls nocessary for enginccring practice.
PO Software hardware interface: An ab lity to apply design and
development principles in the consnc tion of software and hardware

| systems of varying complexity,

PO12 | Successful career and immediate employment: An ability to recognize |
the imporance of professionnl development by pursuing postgraduate |
studies or face mmp-:ljljw.re examinaticns that offer challenging and
rewirding carcers in Civil Enpinesring

¢). Program Specific Outcomes (P50°5)

‘ PsO T DESCRIFTION
|
|

Fducating students with furdamental mathematical, scientific, Md:i
engineering knowledge to have a significant and positive long-term im
on the field of Civil l':;wrrnmnrrg

PS0O2 | Emphasizing the importance of working in a team effectively and |
to communicate properly within the team 1o achieve the desired outcome,

for 2 life-time to increase their professionalism. update and deepen

PS03 | Motivate students in |zarming 1o leam and the ability 10 keep leaming
their knowledge through the development of the profession.
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2. SYLLABUS UNIVERSITY COPY




R18 B.Tech. Civil Engg. Syllabus JNTU HYDERABAD
CE511PE: CONCRETE TECHNOLC 3Y (Professional Elective — 1)

B.Tech. Il Yaar | Sam, L TRD C
3 oloo 3

Pre-Reguisites: Bislding Malarials

Course Dbjectives: The objectives of trhe course sre 0
* Know different types of cement as par the - properties for different field apphcations.
= Understand Design economic concrete mix proportion for different exposure conditions and
intended purposes.

* HKnow field and laboratory tests on concraia in plastic and hardenad stage.

Course Outcomes: Afler the completion of Ine course siugent should be able o

= Determine the properies of concrete ingredienis |e. cemeni, sand, coarse aggregeie by
conducting different tests. Recogriza the =fecls of the rheclogy and early age properties of
concrabe on its long-term behaviar.

= Apply the use of varous chemlical admixtures and mineral additives to design cement-based
materials with tailor-made propo-ties

= Use advanced laboralory techniques to characterze cameni-based malerials.

# Perform mix design and engineenng properties ot special concretes such as high-performance
concrele, self-compacting concrate, and fibre reinforced concrate.

UNIT I

Cement: Porfland cament — chemical compositisn - ~ydration, Setting of cement — Structure of
hydraled cement — Tests on physical propeties - Different grades of cement. Admixtures: Types of
admixtures - mineral and chemical adm duras

UNIT - Il

Aggregates: Classification of aggregate - Particle shape & texture — Bond, strength & olher mechanical
properties of aggregate — Specific gravity, Bulk density, porosity, adsorption & maoisture content of
aggregate — Bulking of sand - Deletericus substance n 2ggregate — Souncness of aggregate - Alkali
aggregale reaction — Thermal propertes - Sweve analyss — Fineneas modulus - Grading curves —
Grading of fine, Menufactured sand and coarse Agorecates — Gap graded aggregale — Maximum
aggregate size- Properties Recyded agzregate

UNIT =

Fresh Concrete: Workability — Factors affecting workabliity - Measurement of workability by different
tests — Setting tmes of concrate - Effect of time and tamperalure on workability - Segregation &
bisading — Mixing, vibration and revibration of concoale — Steps in manufaciure of concrete = Quality of
mmibeing water

UNIT - IV

Hardened Concrete: Water | Cement ratic — Alwam's Law - Gelfspace ratip — Gain of strength of
concrete — Maturity concapt — Strength in tension end compression — Factors affecting strength —
Relation betwean compression and tans @ strarg:lh - Curing.

Testing of Hardened Concrete: Compressior lests — Tension lasts — Factors affecting strangth —
Flaxura tests — Spliting tasts — Pull-oul test, Man-destructive testing methods - codal provisions for
NDT

B3




R18 B.Tech. Civil Engg. Syllabus JNTU HYDERABAD

ELASTICITY, CREEF & SHRINKAGE - Moduivs o elasticity — Dynamic modulus of elasticity —
Fosisson's ratio — Creep of concrete — Factors influencing creep - Relation betwean creep & time -
Natlure of creep — Effects of creap — Shrinkape ~ lypes of shrinkage.

UNIT =V

Mix Design: Faclors in he choice of mix proporiers - Durabllity of concrele — Quality Contral of
concrete — Slalistical melhods — Acceptance criena - Propartioning of concrete mixes by various
methods — BIS method of mix cesign.

Special Concretes: Introduction to Light wasight corcreta — Celiular concrete — No-fines concrete —
High density concrete — Fibre reinforced concrete — Falymer concrete — High performance conorete —
Self compacting concrete.

TEXT BOOKS:
1. Concrete Technology by M.S. Shetty, — 5. Chand & Co.; 2004
4. Concrete Technology by A.R. Santhakumar, 2™ Edition, Oxford university Press, New Delhi
3. Concrete Technology by M. L. Gambhir. - Tata We. Graw Hill Publishers, New Delhi

REFEREMCE BOOKS:
1. Properties of Concrate by A, M, Seavils - Low prred Edition — d4th edifion
4. Concrete: Micro structure, Properbies and Matanals — P UK. Mahta and J.M. Monteiro, Me-
Graw Hill Publishars

IS Codes:

IS 383

IS 5168

15 10262 - 2009




3. COURSE OBJECTIVES, COURSE OUTCDMES AND TOPIC OUTCOMES

a). COURSE OBIJECTIVES

(i1 Stadent should be able w differentice the matenals that can be effectively used for
preparing concrene.

(i) Stadent should be able to desian, prepare 1ad work with the concrete

(i) The mechanism of hydration and potential hydration with the concrete heat of hydration
kinetic. Shrinkage and i potential W generate cracks in concrete, including chemical,
autogen, drying, and carbenation shrinkage.

{iv)The basic principles of mix desigring vasous types of concrete ss well as curing
technology required for ench of the following types.

{v) High performance concree, ultrs high strength concrete, self-compacting concrete, under
water.

b). COURSE OUTCOMES

CO1: Identify Quality Control ests on conerste making materials
CO02: Understand the durability requirements of fresh conerete
C03: |dentify Quality Control tests herdenec concrete

CO4: Design concrete mixes as per 15 and ACL codes

CO5: Linderstand the necd for special concretes

¢). TOPIC OUTCOMES

8. No. | Topic to be covered Topic Outcome
(AL the end of this topic student will be
- ~ ahlemw) |
| L1 UNIT-I: Cement .
| De fine cement, aggregates and water,
Introduction on concrete tecanology
COrse.
L2 | History of port land cement and Various methods and stages of cement
Manufacturing process of Portland manufecturing.
cement
T, = "] F— P ——
L3 Chemical composition & Bogies | Verious chemical compaosition and
| compounds of Portland cemant compounds,
[ L4 Hydration of cement, Structure of [Hlustrate cement hydration and
' hydrate cement and setting time of consistency of cement
cement

i
i L5 | Test on physical propenties of cement. | Explain physical propertics test of




| 8, No. | Topic to be covered Topic Gutcoms
{At the end of this topic student will be
_, Aible to)
_[::emml
L& Different grades of cem «nd, Diescribe the cement grades.
L7 | Admistures and types ol admixtures, | Define admixture, Classify the admixture
| mineral and chemical admixtures tvpes — List out the different types of
| mincral and chemical admixtures
L8 | UNIT-II: Aggregates Define aggregates- Classify aggregates
based on their particle shape and texture,
Introduction on Aggregates and bond-strength |
Classification of aggregste, Particle |
shape and texture, Bond strenglh
1 . S——— E— =
L9 Mechanical properties of aggregate: Define specific sravity, bulk density and
Specific gravity, Bulk density, porosity. Conclude its importance in mix
porosity, absorption and maoisturs design. aggregate mechanical properties
content of aggregate.
LI0 | Bulking of aggregate and Soundness | Demonstrate bulking of sand. Explain
of apgregate soundness of aggregaie
L1l Alkali aggregae Discuss deleterious substances in
reaction, Thermal properties agzregates and its cffect on properties of
| conerete, Define and alkali aggregate
| resction and its effect on conerete
| properties. Explain thermal properties ﬂf
| apgregates |
L12 | Sleve analysis, Fineness modulus, Demonstrate sieve analysis of aggregates
Grading curves, and discuss importance of maximum size
of aggregates. Determine fineness
maodulus, Prepare grading curves to make
——— ies correction in design mix.
113 | Grading of fine and cogrse " Examine grading of fine and coaree
' Aggrepates, Gap graded aggregae, B gregates; discuss gap graded and
Maximum aggregate sire maximum aggregate sizes,
Li4 | UNIT-I: Fresh Conerete Explain properties of concrete define
workebility and list out factors effecting
Introduction of workab: ity and of workability,
factors affecting workability | - 1
'LI5 | Measurement of worka®ility by | Demonstrate workability test to meastire
| different tests. Seting time of it.
soncrete .
L16 Effect of time and temperature on . Define concrete setting, discuss about
workability time and temperature effect on .
o | workability. |
|
I. 'I | .II .'\."
3 F h




8. No. | Topic to be covered Topic Outcome

(Al the end of this topic student will be
. _ able to)

L17 segregation and bleeding ol concrete | eline segregation & blesding,
Demonstrate concrete mixing and
vibration,

L18 Steps in manufacture of concrete, List out concrete manufacturing steps:

Mixing and vibration ol concrete describe the water quality and its
o | impomance in guality of concrete,
| L9 Cuuality of mixing witer Cuuality of mixing witer in concrete,
il A N | e
| MID EXAMINATIONN=-
L
L20 | UNIT-IV: Hardened Conerete | Define Water/Cement ratio, Abram's
law.
Introduction on hardened concrete.
| water/cement ratio, Abram’s law
| -

121 | Gel space ratin, nature of strength of | Calculate gel-space ratho to predict

concrede concnede strength.
i e

L22 Maturity concept in concrete and Explain concrete strength natures and
problems discuss maturity of concrete to caleulate

concrete strength.

L23 Strength in tension and compression.  List out factors effecting concrete
[actors affecting strengii strength.

134 | Relation between compression ane | Distinguish between concrete
tensile strength, curing compressive and tensile strength

L23% “Testing of hardened concrete- Demonsiraie compression and tension
compression test and teisile strength | test of concrete.

26 | Flenural test and sphitting tesd Explain {lexure, spliting tensile and pull

aut test of concrate.

[37 | NDT methods and code! provisions | Explain Non-destructive testing, Name it

| with codal provisions.

28 | Modulus of elasticity, dynamic "~ Define elasticity, creep and shrinkage of
modulus of elasticity and poisons rat o | conerete. Explain experimental process

: | to determine modulus of elasticity.

L29 | Creep of concrete, factors influcncmg | Define dynamic modulus of clasticity:
creep of concrete, refation between differentiate static and dynamic modulus
crecp and time of elasticity. Show the relation berween

creep and time, 'ist out the effects of
| creep on concrele strength,
IL30 | Nature of creep, effects of creep Explain concrete creep and list out
| factors effecting on concrete creep.
L3l | Shrinkage and fypes of shrinkage " Detine shrinkage and list out types of
| i shrimkages.




L3? | Unit=¥: Mix Design & Special Define mix desizn and its importance in
| Concrete | somerete strength. List out the factors to
Factors in the choice of mix proportion | chaose the mix proportions.
L33 Durability of concrete Define concrete durability.,
L34 | Quality control of concrete, Statistice|  Explain concrete quality controf;
quality control of concrete demonstrate statistical quality control
| and acceptance criteria.,
L33 | Proportioning of concree mix by | Belect concrete mix proportions for
. normal concretes by BIS method normal concrete.
36 | Normal Mix design problem Design a mix design as per BIS method
and conclude the concrete mix
| proportions.
| L37 Normal Mix design problem Design a M20 or M25 concrete mix for
I I local available materials.
L38 Proportioning of concrete mix by Select concrete mix proportions for
pump able concretes by RIS method | pump able concrete.
L35 | Pumpable Mix design problem Design a mix design as per BIS method
and conclude the concrete mix
| L propart s,
L40 | Proportioning of concreie mix by " Select conerete mix proportions for
pump able concretes by ACl method | pump able concrete.
L41 ACH mix design probiem | Select concrete mix proportions for AC
M
142 | Introduction to Light weight conceete | Define special concretes. Explain light
weight concrete and list out the merits
- - | and demerits of it
L43 | Cellular concretes | Define cellular concrete. Explain
| preparation produce of cellular and s
| applications in construction industry.
L44 | No fines concrete Define no fine concrete. Explain
preparetion procuce of no fines concrete
| and its applications in construction
" | industry. |
L45 | Fiber reinforced concrets Define fiber reinforced concrete, Explain
. _ the ingredient of its importance in FRC.
L46 | Polymer concrete and 1y pes of Define polymer concrete. Explain the
polymer concrete - ingredient of its importace in polymer
| soncrele
147 Self-compacting concrete Demonstration of self-<compacting
| concrete, list out the test to conclude
B self-compacting concrete.
L48 High density concrete Dremonstration high density concrete, list

| oul the test to conclude high density
m@:l‘ﬂﬂ
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4. COURSE PRE-REQUISITES

1. Ingredients of concrate
2, Elements of bui/ding components
3. Characteristics of cement, fine aggregate and coarse aggregales

5. COURSE INFORMATION SHEET
5 a).COURSE DESCRIPTION:

PROGRAMME: B. Tech, (Civil Engineering '\ DAGHEE: BTECH

COURSE: CONCRETE TECHNOLOGY

T YIEAR: I SEM: | CREDITS: 4

ITOIRSE CODE: CESHIPE TCIMIRE TYPE: CORE
REGULATION: R1Z

'COURSE AREADOMAIN; Theory

CORRESPONMDIMNG | AR COURSE CODECF AMY )

YES LAB

TTCONTACT HOURS: 40 (L+T1) hours/ Weoek.
LABCOURSE MaME: CONCRETE TECHNOLOGY

i
1
|
i
|

5. b). SYLLABUS:

Linit

Detud's

Hours

[

Cement:Portland cement - cherica compasition — Hydration, Seting of cement
~ Structure of hydraie cement - Test on physical properties — Different grades of
cement. Admixtures: Types of sdmixtures — mineral and chemicaladmixiures

]

Aggregate:Classification of agaregate - Farcle shape & texture —, strength &
other mechanical properties of appregale -~ Specific gravity, Hulk density,
porosity, adsorption & moisture contem of apgregete — Bulking of sand -
Delsterious substance in agzrepate - Soundness of aggregate - Alkzli aggregnte
reaction - Thermal properties - Sieve analysis - Fincness modulus - Grading
curves — Grading of fing & conree Aggregates - Gap graded aggregate -

Maxirmum aggregate size

1

Fresh Concrete: Workahility — Factors alfecting workability — Measurement of
workabilicy i (ferenttests—Seftingtimesofeonoreie—
Effectoftimeandiemperaiureons orkahil ity Scgrepation & bleeding — Mixing and
vibratien of concrete — Steps 'n manufenr of concrete — Qual®ty of mixing
W ater

v

Hardened Concrete ; Water ¢ Cement nio — Abram’s Law - Gel'space ratio —
Nuture of strength of conoreis -~ Maturity concept — Strength in tension &
compression — Factors affecting strengih — Relation between compressive &
tensile strength - Curing.

Testing of Hardened Conereie: Compross on ess — Tension 1es1s- Flexure
tests — Splitting tests — Pull-cut test, Non-desiniclive testing methods — codal
provisions for WDT, Elasticity. Creep o Sheinkage — Modulus of elasticity -
Dynamic modulus of elasticity — Paisson’s rutlo - Creep of concrete - Factors
Influencing creep - Relation between creep & thne — Nature of creep — Effects of
creep - Shrinkage —types of shrinkage

12




Mix Design: Factors in the choice of mix proporions — Durability of concrete —
Cuality Control of concrete - Statistical methods - Acceptance criferia —
Proportioning of concrete mixes by BIS methad wnd ACI mix design.

v Special Coneretes: Introduction to light welght conerete — Cellular concrete — 18
MNo-fines concrete — High densiy concrete - | ibre reimforced concrete — Polymer
concrete — High performance concrete — Self compacting conerate.

Contact classes for syllabus covernge | 52 |

Total Mo, of closses 51 |

—— e a— =

S.c).  GAPS IN THE SYLLABUS - TO MEET INDUSTRY/PROFESSION
REQUIREMENTS:

NIL.

5.d). TOPICS BEYOND SYLLABUS/ ADVANCED TOPICS:

NI

5.e). WEB SOURCE REFERENCES:

5] '] Mame of book/ website

Mo |

a. | nptelacinicourses/ 11210412171

c. e JEngaharall comi il L Bl -1 E =nd-prachice-Dy=-Mms-3neiy-
free-downkoad-pdf-cvilenggforall himl —_—
5. f). DELIVERY/ANSTRUCTIONAL METHODOLOGIES:

& CHALK & TALK B STL D, ASSIGNMENT | @ WEB RESOURCES

P 1 COSMART BOARDS | B ST1 1, SEMINARS I O ADD-ON COURSES




S.g)  ASSESSMENT METHODOLOGIES-DIRECT

COLURSES i

| B ASSESSMENT OF COLIRSE OLTTCOMES
(HY FEEDBACK, ONCE)

M ASSIGNMENTS | B STUD. | B TESTS'MODEL | B UNIV.
SEMINARS | EXAMS EXAMINATION

O] STUD. LAB O STUD. YIVA T MINIMAJOR 0

PRACTICES PROJECTS CERTIFICATIONS

O ADD-ON | OO OTHERS = =

B STUDENT FEEDBACK ON
FACULTY {TWICE)

BY EXT. EXPERTS

[TASSESSMENT OF MINUMAJOR PROJECTS

1

L1 OTHERS

%0}, TEXT/REFERENCE BOOKS:

TR TBOOK TITLE/AUTHORS/PUBLICA TION

T Hook Properties of concrete / A M Neville ( Pearson 5th edition

| Text Book Concrete terhnnlnmr' M.5. Shet: \' S ("handdco

S -

TextBook | Conerete technalogy | Juh Thomas | Cengage Leaming

Reference
Book

Conerete technology / ML Gmbhir / Tawa Me.Grawhil!

Book MeGraw Hill Publishers.

Reference Concrete: Micro structure. Properti=s and materials/P. K _Mchia and .M. Monteiro,

6. TEACHING SCHEDULE

Concrete TE::hnuIng} h-} NS, Shetrl

Fmp:rtles nf‘mnc:rﬂe by ﬁ. M. Neville

WConcrete Technology by M.|. Gembhir

oncrete terhnnlngy {Job T} m-m:s. i C r.n: J.gl!' Leamning

= i Mool
ookl | &zl Fok 3 IE&A! claases

(]

|I:|_.I|'."'.“ " |L




niroduction on concrete technology X 2
of port land cement and ==y
nufacturing of process of 1 2
) O1tland coment
hemical composition & Bogies .
pounds of Portland cement %
{Hydration of cement, Structure of
hydrate cement and setting time of 1 2
- i
st on physical propertics of g 3
est on physical properties of ‘1—- .
{ifieren paes of cet. : 2]
i ru.sanfl'tﬂ_pm of admixtures, 5 5
ineral and chemical admiy ures 5 5
el iLroduction on Aggregales wnd =
lassification of aggregate, Farticle 3 3
pe and texture, Hond strength
Mechanical propertics of ageregite:
Specific gravity, Bulk density, 3 3
porosity, ahsorption and moisture
ST ﬂrlﬁ]‘gﬂtﬂ.
ng of aggrepaie and Soundness 3 2




E] i 3
=action, Thermal properties
S ieve analysis, Finoness moculus, i . i "
radingcurves,
rading of fine and coarse
gregates, Gap graded aggregate, 3 3 3
aximum aggregate size
Iniroduction of workability and B 4 6
factors affecting workabilit,
Measurement of workability by g w 2 I
different tests, Setting time of
concrete . - =
EfTect of time and temperature on P i .
orkabil ity |
gregation and bleeding of concrele 6 4 B
Steps in manufaciure of concrete, s a 11
Mixing and vibration of gorcrete |
Duality of mixing water 5 a B
[
uction on hardened corcrete, | ] E %
ricement ratio, Abram's law
el space ratio, nature of swength of 2 i §
concept inconcrelc and | ?_ : 8
trength in tension and compression, 5 é B
s affecting strength
Relation between compression and o= ‘_ g a8 |
sile strength, curing
. S B
esting of hardened concrele \0 15
pression test and tensile strength
esting of hardened concrets- ; - B
xural test and splinting test
NDT methods and codal provisions | T 12 B
i




ocdulus of elasticity, dynamic
s of elasticiny and poisons 8 g9 3 g
eep of concrete, factors
influencing creep of concrelr, ] 9 3 B
relation between creep and time !
of creep, effects of creep ] 9 3 8
Shrinkage and types of shrinkage ] - El 8
actors in the choicz of mix {1 14 4 10
hility of concrete 11 10 7 10
uality control of concrate, . 14 7 5
istical quality control of concrete
Propo uﬂ'mgufa:.m;nl:h: mix by =
1 14 11t0ls 10
ormal concretes by BIS maihod .
| |
ormal Mix design problem 4 | 14 111015 10
MNormal Mix design problem 11 14 111015 10
| ioning of concrete mix by . " - B 10
" mp able concreies by BIS et
npable Mix design problem "1 14 11itels 10
Proportioning of concrete mix by 11 - o 10
nump able concretes by AC! method
mix design problem 11 14 11tol5 10
ntroduction to Light weigh 12 14 11tal5 14
llular concretes 1z 13 1tols | 14
e T T — t2 11 1itols 14
reinforced concrete 2 13 11tals 14
Polymer concrete L2 13 11tels 14
]
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7. UNIT WISE HAND WRITTEN NOTES
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1. Vision, Mission, PEO’s, ’0's & P50s

a).Vision of Civil Engineering Department

creative vibe for the sustainable developmest by instilling scientific temper with ethical

& To give the world new sge civil engineers who can transform the society with their

human outlook.

b). Mission of Civil Enginecring Department

To make the depurtment a Centre of excellence in the fiekd of civil engineering and

allied research

To promaote innovative and original thinking in the minds of budding engineers to

face the challenges of futire,

¢). Program Educational Objectivey of Civil Engineering Department

Graduates will wtilize the foundation in Engineering and Science to
improve lives and livelihoods through a successful career in Civil

Giraduates will become effective collaborators and imnovators, leading
or participating in ffins 1o address Social, Technical and Business

FEOI
Engineering or other lields
RO |
Challenges
PEO3

Graduates will :ng_ugt:}i l.-.i't':-l__ﬂ_hyﬁ:lming and professional
development through Self-Study, continuing education or graduate and

profiessional studies in engineering & Dusiness

d) Program Qutcomes of Civil Engineering Department

POI1 Fundamental engineering analysis skills:
An ability to apply krowledge of computing, mathematical foundations,
algorithmic principle:, and civil enginsering theory in e modelling and
design of 1o civil engineering problams.

PO2 Information retrieval skills: An sbility 10 design and conduct

experiments, as well g5 1o analyre cnd interpret data.

E —




P03 Creative skills: An sbility to desi _.,E mplement, and cvaluate a system,
process, component, o program o meed desired needs, within realistic

constrains such as econamic, snyvironmental, social, political, health and
safety, manufacturability, and sustsinability, Graduates have design the

COM PEIENCe.

PO Teamwork: An ability to function =Fectively on multi-disciplinary

leams.

POS Engineering problem solving skills: An ability to analyze a problem, |

and identify, formulate and use the appropriate computing and

engineering requirements for oblaining its solution,

P06 | Professional integrity: An undersianding of professionul, ethical, legal,

security and social issues and  responsibilities. Graduales must

understand the principles of ethical decision making and can interpret

the ASCE Code of Frhics. Graduotes will understand the proper use of

the work of others (e.g., plagiarisin, copyrights, and patents). Graduates

will understand the special duty they owe to protect the public’s health,

iuji.,t:r and welfare by vire of their professional status as engineers in

sockety,

POT Speaking / writing skills. An ability 10 communicate effectively, both in

writing and orally. Graduates ere able o produce engineering reports

using written, oral and grephic methods of communication.

POS Engineering impuct assessment skills: The broad education necessary

to analyze the local and giobal impact of computing and engineering

solutions on individuals, orgenizal ons, and society.

| PO9 Social awarcness: Krowledge of contemporary issues, Students are

aware of emerging technologies and current professional issues.

POL0 | Practical engineeric s analysis skills. An ability 10 use the tl:quuﬂs,
| . skills; and modem erginesring tonls nocessary for enginccring practice.
PO Software hardware interface: An ab lity to apply design and
development principles in the consnc tion of software and hardware

| systems of varying complexity,

PO12 | Successful career and immediate employment: An ability to recognize |
the imporance of professionnl development by pursuing postgraduate |
studies or face mmp-:ljljw.re examinaticns that offer challenging and
rewirding carcers in Civil Enpinesring

¢). Program Specific Outcomes (P50°5)

‘ PsO T DESCRIFTION
|
|

Fducating students with furdamental mathematical, scientific, Md:i
engineering knowledge to have a significant and positive long-term im
on the field of Civil l':;wrrnmnrrg

PS0O2 | Emphasizing the importance of working in a team effectively and |
to communicate properly within the team 1o achieve the desired outcome,

for 2 life-time to increase their professionalism. update and deepen

PS03 | Motivate students in |zarming 1o leam and the ability 10 keep leaming
their knowledge through the development of the profession.

— e
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2. SYLLABUS UNIVERSITY COPY




R18 B.Tech. Civil Engg. Syllabus JNTU HYDERABAD
CE511PE: CONCRETE TECHNOLC 3Y (Professional Elective — 1)

B.Tech. Il Yaar | Sam, L TRD C
3 oloo 3

Pre-Reguisites: Bislding Malarials

Course Dbjectives: The objectives of trhe course sre 0
* Know different types of cement as par the - properties for different field apphcations.
= Understand Design economic concrete mix proportion for different exposure conditions and
intended purposes.

* HKnow field and laboratory tests on concraia in plastic and hardenad stage.

Course Outcomes: Afler the completion of Ine course siugent should be able o

= Determine the properies of concrete ingredienis |e. cemeni, sand, coarse aggregeie by
conducting different tests. Recogriza the =fecls of the rheclogy and early age properties of
concrabe on its long-term behaviar.

= Apply the use of varous chemlical admixtures and mineral additives to design cement-based
materials with tailor-made propo-ties

= Use advanced laboralory techniques to characterze cameni-based malerials.

# Perform mix design and engineenng properties ot special concretes such as high-performance
concrele, self-compacting concrate, and fibre reinforced concrate.

UNIT I

Cement: Porfland cament — chemical compositisn - ~ydration, Setting of cement — Structure of
hydraled cement — Tests on physical propeties - Different grades of cement. Admixtures: Types of
admixtures - mineral and chemical adm duras

UNIT - Il

Aggregates: Classification of aggregate - Particle shape & texture — Bond, strength & olher mechanical
properties of aggregate — Specific gravity, Bulk density, porosity, adsorption & maoisture content of
aggregate — Bulking of sand - Deletericus substance n 2ggregate — Souncness of aggregate - Alkali
aggregale reaction — Thermal propertes - Sweve analyss — Fineneas modulus - Grading curves —
Grading of fine, Menufactured sand and coarse Agorecates — Gap graded aggregale — Maximum
aggregate size- Properties Recyded agzregate

UNIT =

Fresh Concrete: Workability — Factors affecting workabliity - Measurement of workability by different
tests — Setting tmes of concrate - Effect of time and tamperalure on workability - Segregation &
bisading — Mixing, vibration and revibration of concoale — Steps in manufaciure of concrete = Quality of
mmibeing water

UNIT - IV

Hardened Concrete: Water | Cement ratic — Alwam's Law - Gelfspace ratip — Gain of strength of
concrete — Maturity concapt — Strength in tension end compression — Factors affecting strength —
Relation betwean compression and tans @ strarg:lh - Curing.

Testing of Hardened Concrete: Compressior lests — Tension lasts — Factors affecting strangth —
Flaxura tests — Spliting tasts — Pull-oul test, Man-destructive testing methods - codal provisions for
NDT

B3
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ELASTICITY, CREEF & SHRINKAGE - Moduivs o elasticity — Dynamic modulus of elasticity —
Fosisson's ratio — Creep of concrete — Factors influencing creep - Relation betwean creep & time -
Natlure of creep — Effects of creap — Shrinkape ~ lypes of shrinkage.

UNIT =V

Mix Design: Faclors in he choice of mix proporiers - Durabllity of concrele — Quality Contral of
concrete — Slalistical melhods — Acceptance criena - Propartioning of concrete mixes by various
methods — BIS method of mix cesign.

Special Concretes: Introduction to Light wasight corcreta — Celiular concrete — No-fines concrete —
High density concrete — Fibre reinforced concrete — Falymer concrete — High performance conorete —
Self compacting concrete.

TEXT BOOKS:
1. Concrete Technology by M.S. Shetty, — 5. Chand & Co.; 2004
4. Concrete Technology by A.R. Santhakumar, 2™ Edition, Oxford university Press, New Delhi
3. Concrete Technology by M. L. Gambhir. - Tata We. Graw Hill Publishers, New Delhi

REFEREMCE BOOKS:
1. Properties of Concrate by A, M, Seavils - Low prred Edition — d4th edifion
4. Concrete: Micro structure, Properbies and Matanals — P UK. Mahta and J.M. Monteiro, Me-
Graw Hill Publishars

IS Codes:

IS 383

IS 5168

15 10262 - 2009




3. COURSE OBJECTIVES, COURSE OUTCDMES AND TOPIC OUTCOMES

a). COURSE OBIJECTIVES

(i1 Stadent should be able w differentice the matenals that can be effectively used for
preparing concrene.

(i) Stadent should be able to desian, prepare 1ad work with the concrete

(i) The mechanism of hydration and potential hydration with the concrete heat of hydration
kinetic. Shrinkage and i potential W generate cracks in concrete, including chemical,
autogen, drying, and carbenation shrinkage.

{iv)The basic principles of mix desigring vasous types of concrete ss well as curing
technology required for ench of the following types.

{v) High performance concree, ultrs high strength concrete, self-compacting concrete, under
water.

b). COURSE OUTCOMES

CO1: Identify Quality Control ests on conerste making materials
CO02: Understand the durability requirements of fresh conerete
C03: |dentify Quality Control tests herdenec concrete

CO4: Design concrete mixes as per 15 and ACL codes

CO5: Linderstand the necd for special concretes

¢). TOPIC OUTCOMES

8. No. | Topic to be covered Topic Outcome
(AL the end of this topic student will be
- ~ ahlemw) |
| L1 UNIT-I: Cement .
| De fine cement, aggregates and water,
Introduction on concrete tecanology
COrse.
L2 | History of port land cement and Various methods and stages of cement
Manufacturing process of Portland manufecturing.
cement
T, = "] F— P ——
L3 Chemical composition & Bogies | Verious chemical compaosition and
| compounds of Portland cemant compounds,
[ L4 Hydration of cement, Structure of [Hlustrate cement hydration and
' hydrate cement and setting time of consistency of cement
cement

i
i L5 | Test on physical propenties of cement. | Explain physical propertics test of




| 8, No. | Topic to be covered Topic Gutcoms
{At the end of this topic student will be
_, Aible to)
_[::emml
L& Different grades of cem «nd, Diescribe the cement grades.
L7 | Admistures and types ol admixtures, | Define admixture, Classify the admixture
| mineral and chemical admixtures tvpes — List out the different types of
| mincral and chemical admixtures
L8 | UNIT-II: Aggregates Define aggregates- Classify aggregates
based on their particle shape and texture,
Introduction on Aggregates and bond-strength |
Classification of aggregste, Particle |
shape and texture, Bond strenglh
1 . S——— E— =
L9 Mechanical properties of aggregate: Define specific sravity, bulk density and
Specific gravity, Bulk density, porosity. Conclude its importance in mix
porosity, absorption and maoisturs design. aggregate mechanical properties
content of aggregate.
LI0 | Bulking of aggregate and Soundness | Demonstrate bulking of sand. Explain
of apgregate soundness of aggregaie
L1l Alkali aggregae Discuss deleterious substances in
reaction, Thermal properties agzregates and its cffect on properties of
| conerete, Define and alkali aggregate
| resction and its effect on conerete
| properties. Explain thermal properties ﬂf
| apgregates |
L12 | Sleve analysis, Fineness modulus, Demonstrate sieve analysis of aggregates
Grading curves, and discuss importance of maximum size
of aggregates. Determine fineness
maodulus, Prepare grading curves to make
——— ies correction in design mix.
113 | Grading of fine and cogrse " Examine grading of fine and coaree
' Aggrepates, Gap graded aggregae, B gregates; discuss gap graded and
Maximum aggregate sire maximum aggregate sizes,
Li4 | UNIT-I: Fresh Conerete Explain properties of concrete define
workebility and list out factors effecting
Introduction of workab: ity and of workability,
factors affecting workability | - 1
'LI5 | Measurement of worka®ility by | Demonstrate workability test to meastire
| different tests. Seting time of it.
soncrete .
L16 Effect of time and temperature on . Define concrete setting, discuss about
workability time and temperature effect on .
o | workability. |
|
I. 'I | .II .'\."
3 F h




8. No. | Topic to be covered Topic Outcome

(Al the end of this topic student will be
. _ able to)

L17 segregation and bleeding ol concrete | eline segregation & blesding,
Demonstrate concrete mixing and
vibration,

L18 Steps in manufacture of concrete, List out concrete manufacturing steps:

Mixing and vibration ol concrete describe the water quality and its
o | impomance in guality of concrete,
| L9 Cuuality of mixing witer Cuuality of mixing witer in concrete,
il A N | e
| MID EXAMINATIONN=-
L
L20 | UNIT-IV: Hardened Conerete | Define Water/Cement ratio, Abram's
law.
Introduction on hardened concrete.
| water/cement ratio, Abram’s law
| -

121 | Gel space ratin, nature of strength of | Calculate gel-space ratho to predict

concrede concnede strength.
i e

L22 Maturity concept in concrete and Explain concrete strength natures and
problems discuss maturity of concrete to caleulate

concrete strength.

L23 Strength in tension and compression.  List out factors effecting concrete
[actors affecting strengii strength.

134 | Relation between compression ane | Distinguish between concrete
tensile strength, curing compressive and tensile strength

L23% “Testing of hardened concrete- Demonsiraie compression and tension
compression test and teisile strength | test of concrete.

26 | Flenural test and sphitting tesd Explain {lexure, spliting tensile and pull

aut test of concrate.

[37 | NDT methods and code! provisions | Explain Non-destructive testing, Name it

| with codal provisions.

28 | Modulus of elasticity, dynamic "~ Define elasticity, creep and shrinkage of
modulus of elasticity and poisons rat o | conerete. Explain experimental process

: | to determine modulus of elasticity.

L29 | Creep of concrete, factors influcncmg | Define dynamic modulus of clasticity:
creep of concrete, refation between differentiate static and dynamic modulus
crecp and time of elasticity. Show the relation berween

creep and time, 'ist out the effects of
| creep on concrele strength,
IL30 | Nature of creep, effects of creep Explain concrete creep and list out
| factors effecting on concrete creep.
L3l | Shrinkage and fypes of shrinkage " Detine shrinkage and list out types of
| i shrimkages.




L3? | Unit=¥: Mix Design & Special Define mix desizn and its importance in
| Concrete | somerete strength. List out the factors to
Factors in the choice of mix proportion | chaose the mix proportions.
L33 Durability of concrete Define concrete durability.,
L34 | Quality control of concrete, Statistice|  Explain concrete quality controf;
quality control of concrete demonstrate statistical quality control
| and acceptance criteria.,
L33 | Proportioning of concree mix by | Belect concrete mix proportions for
. normal concretes by BIS method normal concrete.
36 | Normal Mix design problem Design a mix design as per BIS method
and conclude the concrete mix
| proportions.
| L37 Normal Mix design problem Design a M20 or M25 concrete mix for
I I local available materials.
L38 Proportioning of concrete mix by Select concrete mix proportions for
pump able concretes by RIS method | pump able concrete.
L35 | Pumpable Mix design problem Design a mix design as per BIS method
and conclude the concrete mix
| L propart s,
L40 | Proportioning of concreie mix by " Select conerete mix proportions for
pump able concretes by ACl method | pump able concrete.
L41 ACH mix design probiem | Select concrete mix proportions for AC
M
142 | Introduction to Light weight conceete | Define special concretes. Explain light
weight concrete and list out the merits
- - | and demerits of it
L43 | Cellular concretes | Define cellular concrete. Explain
| preparation produce of cellular and s
| applications in construction industry.
L44 | No fines concrete Define no fine concrete. Explain
preparetion procuce of no fines concrete
| and its applications in construction
" | industry. |
L45 | Fiber reinforced concrets Define fiber reinforced concrete, Explain
. _ the ingredient of its importance in FRC.
L46 | Polymer concrete and 1y pes of Define polymer concrete. Explain the
polymer concrete - ingredient of its importace in polymer
| soncrele
147 Self-compacting concrete Demonstration of self-<compacting
| concrete, list out the test to conclude
B self-compacting concrete.
L48 High density concrete Dremonstration high density concrete, list

| oul the test to conclude high density
m@:l‘ﬂﬂ

N —




4. COURSE PRE-REQUISITES

1. Ingredients of concrate
2, Elements of bui/ding components
3. Characteristics of cement, fine aggregate and coarse aggregales

5. COURSE INFORMATION SHEET
5 a).COURSE DESCRIPTION:

PROGRAMME: B. Tech, (Civil Engineering '\ DAGHEE: BTECH

COURSE: CONCRETE TECHNOLOGY

T YIEAR: I SEM: | CREDITS: 4

ITOIRSE CODE: CESHIPE TCIMIRE TYPE: CORE
REGULATION: R1Z

'COURSE AREADOMAIN; Theory

CORRESPONMDIMNG | AR COURSE CODECF AMY )

YES LAB

TTCONTACT HOURS: 40 (L+T1) hours/ Weoek.
LABCOURSE MaME: CONCRETE TECHNOLOGY

i
1
|
i
|

5. b). SYLLABUS:

Linit

Detud's

Hours

[

Cement:Portland cement - cherica compasition — Hydration, Seting of cement
~ Structure of hydraie cement - Test on physical properties — Different grades of
cement. Admixtures: Types of sdmixtures — mineral and chemicaladmixiures

]

Aggregate:Classification of agaregate - Farcle shape & texture —, strength &
other mechanical properties of appregale -~ Specific gravity, Hulk density,
porosity, adsorption & moisture contem of apgregete — Bulking of sand -
Delsterious substance in agzrepate - Soundness of aggregate - Alkzli aggregnte
reaction - Thermal properties - Sieve analysis - Fincness modulus - Grading
curves — Grading of fing & conree Aggregates - Gap graded aggregate -

Maxirmum aggregate size

1

Fresh Concrete: Workahility — Factors alfecting workability — Measurement of
workabilicy i (ferenttests—Seftingtimesofeonoreie—
Effectoftimeandiemperaiureons orkahil ity Scgrepation & bleeding — Mixing and
vibratien of concrete — Steps 'n manufenr of concrete — Qual®ty of mixing
W ater

v

Hardened Concrete ; Water ¢ Cement nio — Abram’s Law - Gel'space ratio —
Nuture of strength of conoreis -~ Maturity concept — Strength in tension &
compression — Factors affecting strengih — Relation between compressive &
tensile strength - Curing.

Testing of Hardened Conereie: Compross on ess — Tension 1es1s- Flexure
tests — Splitting tests — Pull-cut test, Non-desiniclive testing methods — codal
provisions for WDT, Elasticity. Creep o Sheinkage — Modulus of elasticity -
Dynamic modulus of elasticity — Paisson’s rutlo - Creep of concrete - Factors
Influencing creep - Relation between creep & thne — Nature of creep — Effects of
creep - Shrinkage —types of shrinkage

12




Mix Design: Factors in the choice of mix proporions — Durability of concrete —
Cuality Control of concrete - Statistical methods - Acceptance criferia —
Proportioning of concrete mixes by BIS methad wnd ACI mix design.

v Special Coneretes: Introduction to light welght conerete — Cellular concrete — 18
MNo-fines concrete — High densiy concrete - | ibre reimforced concrete — Polymer
concrete — High performance concrete — Self compacting conerate.

Contact classes for syllabus covernge | 52 |

Total Mo, of closses 51 |

—— e a— =

S.c).  GAPS IN THE SYLLABUS - TO MEET INDUSTRY/PROFESSION
REQUIREMENTS:

NIL.

5.d). TOPICS BEYOND SYLLABUS/ ADVANCED TOPICS:

NI

5.e). WEB SOURCE REFERENCES:

5] '] Mame of book/ website

Mo |

a. | nptelacinicourses/ 11210412171

c. e JEngaharall comi il L Bl -1 E =nd-prachice-Dy=-Mms-3neiy-
free-downkoad-pdf-cvilenggforall himl —_—
5. f). DELIVERY/ANSTRUCTIONAL METHODOLOGIES:

& CHALK & TALK B STL D, ASSIGNMENT | @ WEB RESOURCES

P 1 COSMART BOARDS | B ST1 1, SEMINARS I O ADD-ON COURSES




S.g)  ASSESSMENT METHODOLOGIES-DIRECT

COLURSES i

| B ASSESSMENT OF COLIRSE OLTTCOMES
(HY FEEDBACK, ONCE)

M ASSIGNMENTS | B STUD. | B TESTS'MODEL | B UNIV.
SEMINARS | EXAMS EXAMINATION

O] STUD. LAB O STUD. YIVA T MINIMAJOR 0

PRACTICES PROJECTS CERTIFICATIONS

O ADD-ON | OO OTHERS = =

B STUDENT FEEDBACK ON
FACULTY {TWICE)

BY EXT. EXPERTS

[TASSESSMENT OF MINUMAJOR PROJECTS

1

L1 OTHERS

%0}, TEXT/REFERENCE BOOKS:

TR TBOOK TITLE/AUTHORS/PUBLICA TION

T Hook Properties of concrete / A M Neville ( Pearson 5th edition

| Text Book Concrete terhnnlnmr' M.5. Shet: \' S ("handdco

S -

TextBook | Conerete technalogy | Juh Thomas | Cengage Leaming

Reference
Book

Conerete technology / ML Gmbhir / Tawa Me.Grawhil!

Book MeGraw Hill Publishers.

Reference Concrete: Micro structure. Properti=s and materials/P. K _Mchia and .M. Monteiro,

6. TEACHING SCHEDULE

Concrete TE::hnuIng} h-} NS, Shetrl

Fmp:rtles nf‘mnc:rﬂe by ﬁ. M. Neville

WConcrete Technology by M.|. Gembhir

oncrete terhnnlngy {Job T} m-m:s. i C r.n: J.gl!' Leamning

= i Mool
ookl | &zl Fok 3 IE&A! claases

(]

|I:|_.I|'."'.“ " |L




niroduction on concrete technology X 2
of port land cement and ==y
nufacturing of process of 1 2
) O1tland coment
hemical composition & Bogies .
pounds of Portland cement %
{Hydration of cement, Structure of
hydrate cement and setting time of 1 2
- i
st on physical propertics of g 3
est on physical properties of ‘1—- .
{ifieren paes of cet. : 2]
i ru.sanfl'tﬂ_pm of admixtures, 5 5
ineral and chemical admiy ures 5 5
el iLroduction on Aggregales wnd =
lassification of aggregate, Farticle 3 3
pe and texture, Hond strength
Mechanical propertics of ageregite:
Specific gravity, Bulk density, 3 3
porosity, ahsorption and moisture
ST ﬂrlﬁ]‘gﬂtﬂ.
ng of aggrepaie and Soundness 3 2




E] i 3
=action, Thermal properties
S ieve analysis, Finoness moculus, i . i "
radingcurves,
rading of fine and coarse
gregates, Gap graded aggregate, 3 3 3
aximum aggregate size
Iniroduction of workability and B 4 6
factors affecting workabilit,
Measurement of workability by g w 2 I
different tests, Setting time of
concrete . - =
EfTect of time and temperature on P i .
orkabil ity |
gregation and bleeding of concrele 6 4 B
Steps in manufaciure of concrete, s a 11
Mixing and vibration of gorcrete |
Duality of mixing water 5 a B
[
uction on hardened corcrete, | ] E %
ricement ratio, Abram's law
el space ratio, nature of swength of 2 i §
concept inconcrelc and | ?_ : 8
trength in tension and compression, 5 é B
s affecting strength
Relation between compression and o= ‘_ g a8 |
sile strength, curing
. S B
esting of hardened concrele \0 15
pression test and tensile strength
esting of hardened concrets- ; - B
xural test and splinting test
NDT methods and codal provisions | T 12 B
i




ocdulus of elasticity, dynamic
s of elasticiny and poisons 8 g9 3 g
eep of concrete, factors
influencing creep of concrelr, ] 9 3 B
relation between creep and time !
of creep, effects of creep ] 9 3 8
Shrinkage and types of shrinkage ] - El 8
actors in the choicz of mix {1 14 4 10
hility of concrete 11 10 7 10
uality control of concrate, . 14 7 5
istical quality control of concrete
Propo uﬂ'mgufa:.m;nl:h: mix by =
1 14 11t0ls 10
ormal concretes by BIS maihod .
| |
ormal Mix design problem 4 | 14 111015 10
MNormal Mix design problem 11 14 111015 10
| ioning of concrete mix by . " - B 10
" mp able concreies by BIS et
npable Mix design problem "1 14 11itels 10
Proportioning of concrete mix by 11 - o 10
nump able concretes by AC! method
mix design problem 11 14 11tol5 10
ntroduction to Light weigh 12 14 11tal5 14
llular concretes 1z 13 1tols | 14
e T T — t2 11 1itols 14
reinforced concrete 2 13 11tals 14
Polymer concrete L2 13 11tels 14
]
Ilr |
N
174 Al
|
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7. UNIT WISE HAND WRITTEN NOTES
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8. OHIVLCD SHEETS /CDS/DVDS/PPT (SOFT/HARD COPIES)

Concrete has deep roots in history:
Wall at Palestrina, Italy, 1st Century BC




Roman Aqueduct & Pantheon




CONCRETE

Portland Cement Manufacturing
Process
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PHYSICAL PROPERTIES OF
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FTELLD FTEST




LABORATGRY TEAT

FINENERS TEST




STRENGIH FEST

ITYPES OF CEMENT

CUTCK SETTING CEMEXT LOW HEJAT CEMENT




AGGREGATE CLASSIFICATION:SIZE
= E L . 1

NORMAL A+ GCGREGATE LIGHT WEIGHT ACGREGATE

AGGREGATE
CLASSIFICATION:SHAPE




PROPERTIES OF AGGREGATE
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ADMIXTURES

CHENITC 4 [MMIIATURES WIIVERAL ADMIXNTIRES

FRESH ( ”""uf RE L\"




MANTUFACTURING PROCESS
OF CONCRETE

WETGH BATCHING

FPELUME BANCHING




MINING OF CONCRETE

HAND MINING AMACHINE MINING




WHEEL BARROW

IRUCK




PIL ICINGOF CONCRETE

CONTEYOR BELT PUMPING OF CONCRETE

CURING
.

/N

WATER MEMBRANE ELECTRICAL




HWORKABILITY

g

water coatent

mix proportion

size of aggregate
shape of aggregate
texture of aggregate
grading of aggregare
use of admixtures




MEASUREMENTOF
WORKABILITY

SLI'WP TEST

COMEPACTION FACTOR TEST




FLOW TEST I'EE-BEE CONSMISTOMETER

BLEFEDING OF CONCRETE
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SEGGREGATIONOF CONCRETE

HARDENED CONCRETE
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MATURITYCONCEPT
. TR

senser for menitoring the remperamry of concrete from frech 1o hardened trage.

NATURE OF CONCRETE

A /

FREECTIRE oF CORTELMN §iEl FLEIRE OF CORTESTE ¢ 1 ES




SIRENGIH IIN TENSION AND
COMPRESSION

i g ;Y

TESTING OF HARDENED CONCRETE

COMLPRESSIVE STRENGTH OF CONCHRETE




TENSILE STRENGTH OF CONCRETE

f

FIEXTRAL TEST SPLIT TENVAILE TEST

NDT METHOGDS

REBOLUND HAMMER IEST




ULTRA SONTC PULSE VELOCTTY

FULLOL'T TEST




ELECTRICAL RESISSTIVITY METHOD




SHRINKAGE

DIRTING AHRINK AGE PLASTIC SHRINKAGE

MIX DESIGN




FACTORS IN THE CHOICE OF MIX
DESIGN

Compreisive strengtlh of concrete

Workabilitn af concrere




Dhira bflity af conerere
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Fineness snodniny
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CALCTLATTON OF WATER

Tabls 2 Masimum Waiter Content per Cubic
Metre of Concrete for Nominal
Masimuom Size of Aggregate
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SPECIAI CONCRETE




LIGHT WEIGHT CONCRETE

Crll il ar concrere




NGO FINES CONCRETE {OR) PERTTOLS CONCRETE




Self compacting concrete

High denmsity concrete




Fibre retnforced concrete

Polvmer conerere
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10. MID exam Descriptive Question Papers with Key
VAAGESWARI COLLEGE OF ENGINEERING

{Approved by AICTE, Affiliated to JNTUH)

MID-I

| Q.ND Question - BLOOMS | COURSE |
| o LEVEL | OUTCOME

1 Give step by step method of manufaciuring process | Understand | COI

of cement. - = |

| 2 What is Admixtures and explain the classification of | understand | CO|
! sdmixtures? bl s wl | B
{3 i) Expiain the mechanical properties of sggrepates? | understand | COI
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1. Explain the manufacturing process of cement with flow chart
I'he basic ingredients of both the dry and wet processes are the same. By mass, lime and silica make
up approximately 85% of Portland cement. The materials that are commonly used are limestone,
shells, chalk, shale, clay, slate, silica =und, and wom ore
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2. What is Admixtures and explain the clnssification of admixtures?

A material other than water, aggregates, or cement that is used as an ingredient of concrete or
maortar to control setting and early hardening. workability, or 1o provide additional cementing
properties.

L. Chemical admistures

Acceleralors, Retarders, Water-reducing apents Super plasticizers, Alr entraining agents efe.

Water-redocing admixture / Plasticizers

¥ To achieve a higher strength by decreasing the waler cement ratio at the same workability as

an admixture free mix.

¥ To achieve the same workabilioy by decreasing the cement content 50 as to reduce the heat

of hvidration in mass concrete

¥ To increase the workability so 15 to ease placing in accessible locations

F  Water reduction more than 5% but less than 2%,
Super Plasticizers:
These are more recent and more effective type of water reducing admixtures also known
as high range water reducer.
Avceleralor
An admixture which, when added 1o conerete. mortar, or grout, increases the rate of hydration of
hydraulic cement, shortens the time ol set in concrete, or increases the rate of hardening or strength
development.
Air Entrained Admixtures:
An addition for hydraulic cement or 29 admixiure ‘or conerete or mortar which causes air, usually
in small guantity, w be incorporated ki the foma of munute bubbles in the concrete or mortar during
mixing, usually to increase its workability and frost  resistance, Air-entraining  admixtures
are surfactamts that change the surface tenaion of the water. Traditionally, they were based on famy
eoid salts or vinsol resin but these have largely been roplaced by synthetic surfactants or blends of
surfactanis 1o give improved stability and void characieristics to the entrained air. Air entrainment
is used to produce a number of effects in bath the plastic and the hardened concrete

2. Mincral admixtures
Fly-ash Blast-furnace slag, Silica fume and Fice husk Ash ete
Fly Ash:
The finely divided residue resulting (rom the combusiion of ground or powdered coal. Fly ash is
generully captured from the chimneys of coal-fired power plants; it has POZZOLANIC properties,
and is sometimes blended with cement for this reason,
Fly ash includes substantial amounts of silicon dioxide (Si032) (both amorphous and crystalline) and
calcium oxide (CaD). Toxic constitucnts include srsenic, beryllium, boron, cadmium, chromium,
cobalt, lead, manganese, mercury, malybdenum, selenium, strontiuwm, thallium, and vanadium.
Siliea Fume:

The terms condensed silica fume, micros lica silica fume and volatilized silica are often used to

describe the by-products extracted from the exhaust gases of silicon, ferrosilicon and other metal
alloy fumaces. However, the termis microsilica and silica fume are used to describe those condensed
silica fumes that are of high quality. foruse in the cement and concrete industry. J j
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Rice Husk Ash:

This is a bio waste from the husk lefi from the grains of rice. It is used as a pozzolanic material in
cement 1o increase durability and streagth. The silica s eébsorbed from the ground and gathered in
the husk where it makes a structere nd is filled with cellulose. When cellulose is burned, only
silica 15 beft which s grinded © fine powder which &5 used as pozzolana.

J.a). Explain the mechanical properiies of apgregates?

Specific gravity

The ratio of weight of oven dried aggregates mainta ined for 24 hours at a temperature of 100 10
1I0AC. 1o the weight of equal volume of water displaced by saturated dry surface aggregate is
known as specific gravity of aggrepates,

Spevific gravities are primarily of two ypes.

= Apparent specific gravity

*  Bulk specific gravity

Bulk density

It is defined as the weight of the aggresate reguired to fill a comtainer of unit volume. [t is generally

expressed in kefitre.
Bulk density of aggregutes depends upan the following 3 factors,

= Degree of compaction
*  Grading of aggregates
=  Shape of aggregate particles
Porosity
The minute holes omed in rocks during solidi ication of the molten magma, duee Lo air
bubbles, are known as pores. Rocks contuning pores are called porous rocks.
Adsorption and Moisture content

Water absorption mayv be defined as the difference between the weight of very dry aggregates and
the weight of the saturated aggregates with surface dry conditions.

Depending upon the amount of moisture comtent in aggregates, it can exist in any of the 4
conditions,

= Verv dry aggregate [ having no moisiure)
* Dry aggregate (CONLain some moistare i ils pornes)
» Saturated surfece dry aggregate (pores completzly filled with moisture but no moisture on

surface)
= Moist or wet aggregates (pores ar filled with moisture and also having moisture on surfacc)

X b Explain the classification of agerepates”
Agoregates are ¢lassified according io shape
»  Rounded agpregates l. |r
* [lrregular or partly rounded agpregales '
*  Angular aggregates
» Flaky aggrogates T L el



* Elongated aggregates
* Flaky and elongated aggregate:
Ageregates are classified according (o size
= Fine aggregate
«  Coarse aggregate
Aggregates are classified according 10 source
= Igneous rocks
= Sedimentary rocks
= Metamorphic rocks
Aggregates are classified according 10 weight
=  Normal weight aggregates
= Light weighl aggregaies
=  Heavy weight agprepates

3. Brieflv explain manufacturing procedurenfooncrete.

Batching:
The measurement of malerials making concreie is kinwwn as baiching, these batching are two
methods weigh batching and volume batching

Mixing:

Mixing of material is essential for the production of uniform concrete. The mixing should ensure
that the mass becomes uniform in cobfor and consistency Ahere are two methods adopted for mixing
concrete hand mixing and machine mixing

Transporting:

The method adopied for transportation of concrete

Maortar pan, wheel barrow hand cart, crane bucket and rope way, truck mixer, belt conveyor, transit
mixer, pump and pipeline, helicopter.

Macing of concrete:

Concrete is invariebly laid as a foundution bed below the walls or columns before placing the
concrete in the foundation all the loose esrth must b= removed from the bed.

Compaction:

Compaction of concrete is the process adopted for expelling the entrapped air from the concrete.
The method of compaction 15 hand compaction, vibration compaction, compaction by pressure and
jolting, compaction by spinning.

Curing:

curing can also be deseribed as keeping the concrets moist and warm enough so that the hydration
of cement can continge more elaborate v it can be described as the process of mainaining a
satisfactory moisture content and n favamkble temperatune in concrete during the period immediately
following placement s0 that hvdration of Gement moy continue until the desired properties are
developed to a sufficient degree to meet the requiremert of service. Curing methods are water

curing, membrane curing, and application of heat.
[
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Finisking:
It"s the last operation making concrete. 115 increases does not apply to all concrele operations

11. Assignment topics with materials
INIT-1

CLEMENT

1. Define mortar and its types

1. Explain about hydration of coment

3. What are the basic testing of cement

4. Determine the compressive strength of cement.

LTOPIC 1 Mortar and its types

The mortar is a paste like substznce prepared by adding required amount of water
to @ dry mixture of sand or fine aggregate with some binding material like clay, lime or
cement.

Limemortar:
If lime is used as a hinding material, the resulting mortar is known as fime mortar

Mudmaortar:
When clay is used as & binding material, the resulting mortar is known as mud

moriar



TOPIC Z:Hyvdration

The setting and hardening of concrer: are the nesult of chemical and physical processes that take place
betoveen Portland cement and water. i, hvidration. To understand the propertics and behaviour of
cement and concrete some knowledg: of the chemistry of hydration is necessary.

Al Hydration reactsons of pure (emeénlcompounds

The chemical reactions describing the hydration of the cement are complex. One approach is to study
the hydration of the individual compounds separmely. This assumes that the hydration of each
compound takes place independently of theothers

.  Caleiumsilicates

Hydration of the two calcium silicates gives similar chemical products, differing only in the amount
of calcium hydroxide formed, the hest released, and reaction rate.
ICS+THCSHi+3CRICN + 5 H— O+ CH

The principal hydration product is C 35:Hs, calcium silicate hydrate, or C-5-H (non- stoichiometric).
This product is not a well-defined compound. The formula C3S;Hais only an approximate description.
It has amorphous structure making un of poorty crganized layvers and is called ghue pel binder, C-8-H
s believed 1o be the material governing concreie strength. Another product is CH - Ca(OHlg, calcium
hydroxide. This product is a hexagonal crysial olten forming stacks of plates. CH can bring the pH
value to over 12 and it is good for corrosion protection ofsteel.

IL Tri-calciomaluminate

Without gypsum, CaA reacts very ragidly with water.

Cid + 60.H— CzdHs

The reaction is 5o fast that it resulis in Aash set, which is the immediate stiffening after mixing,
making proper placing, compacting and finishing impossible.

With gypsum, the primary initial reaction of CaA with water is

CiA+3rC8H) + 26 H— Ced §alls;

The f-calcium aluminate trisulfate-32-hvdrate is usually called etringite. The formation of eftringite
slows down the hydration of CsA by creating a dilTus:on barrier around CaA, Flash set is thus avoided.

Even with gypsum, the formation of sttriagite oesars faster than the hydration of the calcium silicates.



It therefore contributes to the initiz! stiffening, setting and early strength development. In normal
cement mixes theetiringite is not stable and will further reas 10 form monoaulphate (Cad § H ot

B}  Kinctics andHeactivity's

I'he rate of hydration during the first few days is in the order of C2A > CaS > CiAF >Ca8.

L) Calorimetric curve of Portlandcement

A typical calorimerric curve of Portland cement is shown in the following fipure, The second heat
peaks of both C35 and CsA can gencrally be distinguished, although their order of occurrence can be
reversed.

m Setting andHydration

Initial set of cement comesponds elosely to the end of the induction period, 2-d hours after mixing.

Initial set indicates the beginning of forming of gel or beginning of solidification. It represents

approximately the time at which fresh concrete can no lenger be properly mixed, placed or compacted.

The final s=t occurs 5-10 hours after mixing, within the accelerstion period. It represents

approximately the time afier which strength dievelops at & significant rate.

In practice, initial and final set are determined in o rather arbitrary manner with the penetration lest
TOPIC 3: Basic fest of cement

Fineness (= sarface ares / weight):

This test determines the avernge size ofcement grmins. The typical value of fineness is 350 me/ kg.Fincness
controls the rate and completeness of hydration. The finer & cement.the more rapidly it reacts, the higher
the rate of heat evolution and the higher the early sirenpth.

Normal consistency tesi:

This test is to determine the water required 1o achievea desired plasticity state (called normal

consistency) of cement paste, It is obtnined with the Vicat spparatus by measuring the penetration of a
lpaded needle.

Time of setting:

This test is to determine the time required for cement paste to harden. Initial set cannot be too early

due to the requirement of mixing, conveying. placing and casting. Final set cannot be too late owing

o the requirement of strength development. Time of setting is measured by Vicat apparatus. Initial
setting time is defined as the time ai which the needle pencirates 25 mm into cement paste. Final
setting time is the time at which the needle does not sink visibly into the cement paste.

Soundness:
[Insoundness in cement paste refers to excessive velume change afier setting. Unsoundness in cement

i% caused by the slow hydration of Mg or freelime
Their reactions are MgO +H:0 = Mg(OH)z and Cat) + H20 = Ca{OH).. -""'“mh“'!'fmr" that can cause

Illl.!
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unsoundness is the delayed formation of etrmgite affer cement and concrete have hardened. The
pressure from crystal growth will lead to cracking znd damage. The soundness of the cement must be
tested by accelerated methods, An exsmple is the Le Chatelier test (BS 4550), This test is to measure
the potential for volumetric change o cement pasie. Anather method is called Autoclave Expansion
test (ASTM CI51) which use an autoe 'ave 1o ineresse the temperature to accelerate the process,
Strength:

The strength of cement is measured on moerar specimens made of cement and standard sand
{silica). Compression test is carried out on a 2" cube with S/C ratio of 2.75:1 and wicratio of 0,483

for Portland cemenis. The specimen: are tested wel, using 4 loading rate aif which the specimen
will fail in 20 1o 8U 5. The direct tensile st is canied out on 4 specimen shaped like a dumbbell.
The load is appiied through specifically designed prips. Flexural strength is measured on a 40 x 40

x |60 mm prism beam test under a centre-point bending.

TOPIC 4: Compressive Streagth of Cement

This test is carried out o determine the compressive strength of cement.

Test Procedure for compressive streagth of cemcni:

{1} The mortar of cement and sand is prepared. The proportion is 1:3 which means that (X) gm of

cement is mixed with 3(X) gm of sand,

(ii) The water is added to the mortar, The water cement ratio is kept as 0.4 which means that (X) gm

of water is added to dry mortar.

iiii} The mortar is placed in moulds. The test specimens are in the form of cubes with side as 70.6 mm

or 76 mm. The moulds are of metal and they are constructed in such a way that the specimens can be

easilv aken out without being damagzd. For 70,0 mm &nd 76 mm cubes, the cement required is 185

gm and 235 pm respectively.

The mortar, after being placed in the moulds, is cor pected In vibrating machine for 2 minutes,

(iv) Themoulds are placed in & damp cabin fior 24 howrs,

ivi) The specimens are removed from the moulds and they are submerged in clean water for curing.

{vii} The cubes are then tested in compression testing machine af the end of 3 days and 7 days. The

testing of cobes is carried out on their three sides without packing. Thus three cubes are tested each

time o find oul the compressive stréngth at the end of 3 days and 7 days. The average value is then

worked out. During the test, the load = to be applied uniformby at the rate of 350 kg/cm2 or 35

MNimm2.

{wiii} The eompressive sirength of cement ot the ead of 3 davs should ot be less than 115 kgiom?2 or
N/mm2 and that at the end of 7 days should not be less than |73 kg/cm2 or 17.50 N/'mm.



LINIT-I1
AGHREGATES & ADMIXTURES

1. Define aggregate and its classification
1, Explain the admixtures class fication and functions

TOUPIC I Define aggregaie and iis ciassificailon

Aggregates are defined as inert, granulas, and Inorganic materials that normally consist of stone or
stone- like solids. Aggregates can be used alone (in road bases and various types of fill) or can be
used with cementing materials (such as Portland cement or asphalt cement) to form composite
materials or concrete. The most porular use of ageregates is to form Portland cement concrete.
Approximately three-fourths of the volume of Portland cement concrete is occupied by aggregste. 1t is
inevitabie that a constitvent occupying such a large percentage of the mass should have an important
effect on the properties of both the fresh and hardened products. As another important application,
aggregates are used in asphalt cement concrele in which they occupy 90% or more of the total
valume. Once again, aggregates can laogely influence the composite properties due (o its large volume
fraction.

Classification of Aggregate

Aggregates can be divided into severn! catzgorics according 1o differemt criteria.

In aeenrdance withsize:

Coarse aggregate: Aggregates predominatelv retnined on the No. 4 (4.75 mm) sieve. For mass
concrete, the maximum size can be as large as | 50 mm

Fine aggregate (sand): Aggregates passing No.4 (4.7 mm) sieve and predominately retained on the
Mo, 200475 pm) sieve.

In uecordance withsources:

Natural aggregates: This kind of aggregate |5 teken from natural deposits without changing their
nature during the process of production such as crushing and grinding. Some examples in this
category are sand, crushed limestone, and gravel

Manufactured (syothetic) aggregaics: This is a kind of man-made materials produced as a main
product or an industrial by-product. Some example« ars blast funace siag, lightweight aggregate (e.g.
expanded perlite). and heavy weight eagregates (2. iron ore or crushed steel),

In sccordance with unitweight:
Light weight aggregate: The unit weight of aggregate is less than 1120kg/'m’, The corresponding
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concrete has a bulk density less than 1 d0Ukg/im . {cider, blast-furnace slag, volcanic pumice k.

Normal weight aggregate: The aggrezate has unit weight of 1520-1680kg/m’, The concrete made
with this type of aggregate has a bulk Jensity of 2300-2400 kg/m®,

Heavy weight aggregate: The unit weight is preater than 2100 kg/m'. The bulk density of the
comesponding concrete is greater than 3200 kg/m'. A typical example is magnesite limonite, a
heavy iron ore. Heavy weight concrets is used in special structures such as radiation shiclds.

In accordance withorigin:

Ignecus rock Aggregate:

o [land, tough anddense.

s Massive structures: crystalline. glassy or both depending on the rate at which they ane
cooledduring formation.

= Acidic or basic: percentage of ilicaconent.
s Light or darkcoloured.

o Chemically active: react withalkalis.

Sedimentary rock Aggregate:
& [gnecus or metamorphic rocks subjected to weetheringagencies.
# Decompose, fragmentize, transport and daposit deep beneath ocean bed are cementediogether.
» Range from sofi=hand. porous=dense light-heavy and can beflaky.

*  Suitabilitydecidedby:degreeofconsnlidation. typeofeementation thicknessoflaverand
contamination.

Metamorphic rock Aggregate:
¢ Hocks subjected 1o high tempesature andpressure.
# Economic factor intoconsiders:ion

e Least overallexpense, II '



TOPC 2: Admixtures can be clazsifisd by function asfollows:

Afr=ertraining admixiires

Water-reducing admixiures

Plasticizers

Accelerating admixtures

Retarding admixiures

Hydration-control admixtures

Corrosion inhibitors

Shrinkage reducers

Alkali-silica reactivity inhibitors

0.  Colouring admixtures

1. Miscellaneous  admixtures such as  workability, bonding, damp proofing. permeability
reducing, grouting, gas forming, anti-vashout, foaming, and pumping admixtures.

o e I AT R

Concreie should be workable, finish able, strong, dursble, watertight, and wear resistamt. These
qualities can often be obtained easily and econumically by the selection of suitable materials rather
than by resorting to sdmixtures (except air-entraining admixtures when needed).
The major reasons for using admixtares
1. To reduce the cost of concrete construction
2, To achieve cenain properties in conerste more sffectively than by other means
1. To maintain the quality of concrets during the stagess of mixing, mnmurt'r.ng.
placing, and curing in adverse weather conditions
4. To overcome certain emergencies during concreting operations
LNIT-111
FRESH CONCRETE

I. Define workability and factors affecting workabilizy
2. Explain about segregation and bleeding of concrete
3. Explain various methods of measuring workability

TOPIC 1: Workability : I: \

All the characteristics above describe many difTerant aspects of concrete h:?dln'llm"ﬂﬂllerm
wurkability is used to represent all the qualities mentionsd. Workability is often defined in terms of
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the amount of mechanical energy, or work, required 1o fully compact concretz without segregation.
This is important since the final strenpth is a fimction of compaction.

The concept of viscosity is a measure of how o maierial behaves under stress. For a Mewtonian fluid,
the relationship may be written as:

T = gD

Where fis the shear stress, m is the viscosity, anc D is the rate of shear or velocity gradient.For a very
diluie suspension of solids in liquide, this relationship holds true. However, for large volumes of
suspended solids, like concrete, the Mewionian mode does not work. Concrete has an initial shear
strength that must be exceeded befire it will {low, This type of behaviouwr is described by the
Bingham model:

¥ = "Eu = ?;FD
Where # is the vield shear stress, # is the plastic viscosity.

Factors Affecting Workability
Water Content of the Mix:

This is the single most important fact or governing wvorkability of concrete. A group of particles reguires a
certain amount of water, Water is abs: rhed on the pariicle surface, in the yolumes between particles, and
provides "lubrication” to help the partizles move pest one another more casily, Therefore, finer particles.
necessary for plastic behaviour, require more waser. Some side- effeets of increased water are loss of

strength and possible segregation.

Influence of Aggregate Mix Proportions:

Increasing the proportion of aggregates relative to the cement will decrease the workability of the

concrete. Also, any additional fines will require more cement in the mix, An "over sanded” mix

will be permeable and less economicn’. A concrete deticient of fines will be difficult to finish and

prone o segregation.

Aggregate Properties:

The ratio of coarse/fine aggregate is not the only factor affecting workability. The gradation and

particle size of sands are important. Shape and wedure of aggregate will also affect workability,

Sphencal shaped particles will not have the interaction problems associated with more angular

particles. Also, spherical shapes have a low surface/volume mtio, therefore, less cement will be

required to coat each particle and more will be availablz to contribute o the ﬁ%ﬂf’ﬁhiﬁﬂ of the
. "\
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concrete. Aggregate which s porous will absorb more water leaving less to provide workability, It
is important to distinguish between todal water content, which includes absorbed water, and free
water which is available for improving workability

Time aod Temperaiure:

In general, increasing temperature wil! cause an incregse in the rate of hydration and evaporation.
Both of these effects lead to 2 loss of workabilin .

Loss of Workability:

Workability will decrease with time cue to several factors; continued slow hydration of C38 and
C3A during dormant period, loss of water through evaporation and absorption, increased particle
interaction due to the formation of hydration producis on the particle surface. Loss of workability
is measured as "slump loss™ with-time.

Cement Characteristics:

Cement characteristics are less important than aguregate properties in determining workability,
However, the increased fineness of rapid-hardening cements will result in rapid hydration and
mncreased water requirements, both of which reduce workability,

Admixtures:
in general, wr-entrmining, water-reducing, and set-retarding  admixtures will all improve

workability. However, some chemizal admixturss will react differemtly with cements and
aggregates and may result in reduced workability,

TOPIC 2; Segregation and Bleeding
Segregation:
Segregation refers to a separation of the components of fresh concrete, resulting in 2 non-uniform
mix. This can be scen as a separation of coarse aggregate from the mortar, caused from either the
seftling of heavy aggregate to the botlem or the seperation of the aggregate from the mix due to
improper placement.
Some factors that increase segregation are:

I. Larger maximum particle sizc (23mm) unc proportion of the larger particles,

2. High specific gravity of coarse aggregale,

3. Decrease in the amount of fine particles | {

4, Particle shape and texture. /| 1
i

. Watcr/coment ratio. |



Bleeding:

Bleeding is defined as the appeannce of waler oo e surface of concrete after it has consolidaied bui
befiore it is set. Since mixing water is the lightest component of the concrete, this is a special form of
segregation. Bleeding is generally the result of aggregates settiing into the mix and releasing their
mixing waler. Some bleeding is normzl for goeod coacnote.

However, if bleeding becomes too localized, channe's will form resulting in "craters”. The upper
layers will become oo rich in cement with a high v /c ratio causing a weak, porous structure. Salt may
crystallize on the surface which will affect bonding with additional lifts of concrete. This formation
should always be removed by brushing and washing the surface, Also, water pockets may form under
large aggregates and reinforcing bars reducing the bond,

Riceding may be reduced bn:

» [ncreasing coment fineness.
* [ncreasing the rate of hydration.
e Lising sir-entraining admixtures
» Heducing the water content.
TOPIC 3: Measurement of Workability
Workability, 2 term applied to many concrste properties, can be adequately measured by three
characteristics:
1. Compatibility, the ease with which the concrete can be compacted and air void removed.
2. Maobility, ease with which ecncrete can flow into forms and around reinforcement.
3. Stability, ability for concrete Lo remain stable and homogeneous during handling and
vibration withoul excessive scgregation
Different empirical measurements of workability have been developed over the years. None of
these tests measure workability in tenns of the fundamental properties of concrete. However, the
following tests have been developed:
Slump Test:
The oldest, most widely used test for detzrmining workability, The device is a hollow cone-shaped
mould. The meuld is filled in three layers of each volume Each layer i= rodded with a 16mm steel rod
25 times. The mould is then lifted eway and the change in the height of the concrete is measured
against the mould. The slump test is a measure of the resistance of concrete to ﬂmli under its own

weight. \ |
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Ihere are three classifications of slumn: “true” siump, shear slump, and collapse slhump, True slump is
& general reduction in height of the mass without any breaking vn. Shear slump indicates a lack of
cohesion, tends to occur in harsh mixes. This type of result implies the comcrete s not suitable For
placement. Collapse slump generally indicates a very wet mix. With different aggrepgates or mix
properties, the same slump can be me: sured for very different concretes,

Compaction Test:

Conerete strength is proportional 1o its relative density. A test o determine the compaction factor was
developed in 1947. It involves dropping & volume of concrete from one hopper to another and
measuring the volume of concrete in the final hopper to that of a fully compacted volume, This test is
difficult to run in the fleld and is not practical for larpe agzregates (over lin.).

Flow Test:

Measures a concretes ability to fow under vibration and provides information on its tendency to
segregate, There are a number of tesis available butl none are recognized by ASTM. However, the

fhow table test described for mortar flows is occasionally wsed,

Re-moulding Test:

Developed to measure the work required w0 cause concrete not only to flow but also to conform to &

new shape,
Vehes Test:

A standard slump cone is cast, the mould removed . and o transparent disk placed on top of the cone.
The sample is then vibrated till the dizk is completely covered with monar. The time required for this
is called the Vebee time.

Thaulow Drop Table - Similar to the Vebee wes cocept a cylinder of concrete is remoulded un a drop
table. The number of drops to achieve this remoulding is counted.

Penetration Test:

A measure of the penetration of some indenter inlo concrete. Only the Kelly ball penetration test is
included in the ASTM Siandards. The Kely ball penetration test measures the penetration of a 30 |b.
hemisphere into fresh concrete. This r2st can be performed on concrete in a buggy, open truck, or in
form if they are not oo namrow. It can be compored to the slump test for a measure of concrete

CONSISiency.

TOPIC 4: Setting of Concrate
! 5

Seciting is defined as the onset of rigicity n fresh concrete, Hardening is the development jof ussable
\ 1 |
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and measurable strength; setting precedes hardening. Both are gradual changes controlled by
nydration. Fresh concrete will lose measurable slump before initial set and measurable strength will
be achieved after final set.

Setting is controlled by the hydration of 95, The pericd of good workability is during the dormant
period, (stage 2). Initial set corresponiis to the begioning of stage 3, a period of rapid hydration. Final
set is the midpoint of this acceleration phese. A rapid increase in temperature is associated with stage

3 hvdration, with a maximum rate at final set

If large amounts of ettringite rapidly “orm from C.A bydration, the setting times will be reduced. Cemerts
with high percentzges of CiA, such as expansive or set-regulated cements, are entirely controlled by
eftringite formation.

Abnormal Setting Behavior

False 5&i: Early stiffening of concrete. fluidity may be restored by remixing. Basically, it is a resuli of
hvdration of dehydrated pypsum, which forms nigid orysals, Because there are few of these crysials
and they arc weak, the matrix can be destroyed by remixing. Accelerated hydration of C3A will cause
rapid development of ettringite and false-set.

Flash Set: Stiffening of concrete duc to the rapid develcpment of large quantities of C3A hvdration
proclucts which cannot be returned 1o 4 Aeid sate witk mixing. This is genemlly no longer o problem
since the introduction of gypsum 1o control €34 hvdration. However, some admixtures will increase
C3A hydration and {lash set may be a problem.

UNIT-1V
HARDENED CONCRETE
1. Explain about the strength of hardenzid concrete
1. Explain Dimensional stabilit —Shrinlege and creep
3. What are the factors affecting in creep explam briefly.

TOPIC 1: Strength of hardened concrete

Strength is defined as the abiline of a material o wsist soress without failure, The failure of
concrete is due to cracking. Under direct iension, concrete failure is due to the propagation of a
single mapor crack. In compression, feilune involves the propagation of a large number of cracks,
leading to & mode of disintegration commonly referred to as ‘crashing”,

The strength is the property generally specified in consirustion design and quality control, forthe
fol lowring reasons: i

i1y it iz relatively casy to measure, ang \



(2) Other properties are related to the strength snd can be deduced from sirength data.
The 28-day compressive strength of concrete determined by a standard uni-axial compression

testis accepted universally as a geners! indax of conamete strength,
TOPIC 2:Dimensional stability -Shrinkage and creep

Dimensional stability of a construction material refers 1o its dimensional change over a long
period of time. If the change is so smull that it will not cause any structural problems, the materisl
is dimensionally stable. For concrete, drying shrinkage and creep are two phenomena that
compromise its dimensional stability.

Shrinkage and crecp are often discussed together because they are both governed by the
deformation of hydrated cement paste within conerete. The aggregate in concrete does not shrink
or crecp, and they serve to restrain the deformadion,

Drying shrinkage

After concrete has been cured and begins to dry, the excessive water that has not reacted with the
cement will begin to migrate from the inerior of the concrete mass 1o the surface. As the moisture
evaporates, the concrete volume shrinks. The loss of moisture from the concrete varies with distance
from the surface. The shortening per unit length associsted with the reduction in volume due to
maisture loss is termed the shrinkage. Shrinkage is sensitive to the relative humidity. For higher
relative humidity, there is less evaporation and hence reduced shrinkage. When concrete is exposed to
100%6 relative humidity or submerged in water, it will sctually swell slightly.

Shrinkage can create stress inside cuncrete. Bezause concrete adjacent to the surface of 8 member
drics more rapidly than the interior, shrinkage strens are initially larger near the surface than in the
interior. As a result of the differeatial shricksge, a set of internal self-balancing forces, ie.
compression in the interior and tension on the cutside, is set up.

In additional to the self-balancing siresses set up by differential shrinkage, the overall shrinkage
oreates siresses if members are restraned m the direction along which shrinkage occurs, |f the tensile
siress induced by restrained shrinkage cxceeds the wnasile strength of concrete, cracking will take
place in the restrained structural element, I shrinkege cracks are not properiy controlled, they permit
the passage of water, expose steel reinforcements 1o the atmosphere, reduce shear strength of the
member and are bad for appearance of the sinctwe. Shrinkage cracking is often controlled with the
mncorporation of sufficient reinforcing steel. or the provision of joints to allow movement. After
drying shrinkage occurs, il the concrete member is sllowed to absorb water, only part of the shrinkage
is reversible. This is because water is lost from the capillary pores, the gel pm-m\[i.:._. the pore within



the C-5-H), as well as the space between the U-5-11 levers. The water lost from the capillary and gel
pores can be easily replenished. However, once water is lost from the interlayer space, the bond
between the layers becomes stronger os they get closer to one another, On wetting, it is more difficult

for water to re-enter. As a result, part of the shrinkege is imeversible,

The magnitde of the ultimate shrinkoge i« priviarily @ fimction of initial water content of the concrete
and the relstive humidity of the surrounding snvironment. For the same wic ratio, with increasing
aggregate content. shrinkage is reduced, For concrete with fixed aggregate/cement ratio, as the wic
ratio increases, the cement becomes more porous and can hold more water, Its ultimate shrinkage is
hence also higher. If a stiffer aggregaie is used. shrinksze is reduced.

The shrinkage strain, € , is ime dependent. Approximately 90% of the ultimate shrinkage occurs
during the first year.

Hoth the rate at which shrinkage occurs and the magnioude of the total shrinkage increase as the ratio
of surface to volume increases, This |« because the larger the surface area, the more rapidly moisture
CAN EVAPOrATE.

Based on a number of local investigations in Hong Kong, the value of shrinkage strain (afler one vear)
for plain concrete members appears o lie between 0,0004 and 0.0007 (although value as high as
0.000% has been reported). For reinforced concrete members, the shrinkage strain values are reduced,
as reinforcement is helpful in reducing shrinkage.

Creep

Creep is defined as the time-depend:nt deformation under a constant load. Water movement under
stress is @ major mechanism leading 10 creeping of concrete. As a result, factors affecting shrinkage
aiso affect creep in a similar way. Besides moisture movement, there is evidence that creep may also
be due to time-dependent formation and propagation of microcracks, as well as microstructural
adjustment under high stresses (where stress concentration exists). These mechanisms, together with
water loss from the gel interlayer, lcad to ireversible creep. Creeping develops rapidly at the
beginning and gradually decreases with time. Approximately 75% of ultimate creep occurs during the
first year. The ultimate creep strain (alier 20 vearsj can be 3-6 times the elastic strain.

Creep can influence reinforced concrete in the following sspeets,

ik Due to the delayed effects of creep, the long-term deflection of a beam can be 2-3 times
larger than the initial deflection.

ity Creeping results in the reduction of stress in pre-stressed concrete whj,Th can lead to



increased cracking and deflection under service losd.

i, In a R.C column supporting & constant logd, creep can cause the initial stress in the steel
o double or triple with time because «teel is non-creeping and thus take over the force reduced in
concrete die 1o creep.

Creep is significantly influenced by the stress level. For concrete stress less than 50% of its
strength, creep is linear with stress. |n this case, the burger’s body, which is 8 combination of
Maxwell and Kelvin models, is a ressonable represemation of creep behaviour. For stress more
than 50% of the strength, the creep is « nonlinear function of stress, and linear viscoelastic models
are no longer applicable. For stress level higher then 75-80%6 of strength, creep rupiure can occur.
It is therefore very important to keep (o mind that in the design of concrete column, 0.8 f is taken
o be the strength limit,

TOPIC 3: Factors Affecting Creep Of Concrece

a)  wit ratio: The higher the wic ratio, the higher is the creep,
b} Aggregate stiffhess (elastic modulus): The siifTer the aggregate, the smaller the creep.

¢} Aggregaie fraction: higher aggregate fraction leads 1o reduced creep.
d} Theoretical thickness: The theoretical thickness is defined as the ratio of section arca to the

semi- perimeter in contact with the ='mospher. 1ligher the theoretical thickness, smaller the creep
and shrinkage.

e} Temperature: with increasing temperature. both the rate of creep and the ultimate creep
increase. This is due to the increase in diffusion rate with temperature, as well as the removal of more
walcr at a higher temperature,

f) Humidity: with higher humid:y ir the air. there is less exchange of moisture between the
concrete and the surrounding environment. The amoum of creep is hence reduced.

g Age of concrete at loading: The creep strair at a given time after the application of loading is
lower if loading is applied 1o concret: at @ higher nge. For example, if the same loading is applied o
|4 day and 56 day concrete (of the same mix), and creep strain is measured at 28 and 70 days
respectively (i.e., 14 days after load spplication), the 36 day concrete is found to creep less. This s
because the hydration reaction has progressed 1o 2 greater extent in the 56 day concrete. With less
capillary pores to hold water, creep is reduced.



UNIT-V

MIX DESIGN & SPECIAL CONCRETE

I, Explain the test procedure for concrete mix design
1. Dwefine special concrete and its tvpes

4. Explain about polvmer concrete

4. Define self-compacting conerste und ifs by pes

TOPIC 1: Procedure for Conerete Mix Design —15456: 2000

Determine the mean target streagth fi from (e specified characteristic compressive
strength at 28-day fyand the level of quality control. £= fa+ 1,655

Where, § is the standard deviation obuined from the Table of approximate contents given after
the design mix.

2

o= |

- Obtain the water cement ratio for the desired mean target using the empirical relationship

between compressive strength and water cament ratio so chosen is checked against the
limiting water cement ratio. 'he water coment ratio so chosen is checked against the
limiting waler cement ratio for the reguirements of durability given in table and adopts the
lower of the two values.

. Estimate the amount of entrapped air for maximum nominzl size of the agpregate fromthe

fable.

Select the water content, for the required workabiity and maximum size of aggregates(for
aggregates in saturated surface dry condition) from table.

Diectermine the percentage of rine aggregate in total aggrecate by absdlute volume from
table for the concrete using crushed coarse s garopete.

Adjust the values of water content and percentage of sand as provided in the table for any
difference in workability, water cement racio, greding of fine aggregate and for rounded
aggregate the values ane given (n table.

Calculate the cement content Jonu the water-cement ratio and the final waler content as
arrived after adjustment. Check the cement against the minimum cement content from the
requirements of the durability. and greater of the two values is adopted.

From the quantitics of water and cement per unit volume of concrete and the percentage of
sand already determined in steps 6 and 7 above, calculate the content of coarse and fine
aggregates per unil volume of concrete from the following relations:



i= [F+,r+m

v =. “l.'""'“ F“l‘ﬂﬁl"

Where, V = absolute volume of concrete = gross volume { Im®) minus the volume of
entrapped air

S = specific gravity of cement

W = Mass of water per cubic metre of concrete. kg C =

mass of cement per cubic metre of conzrete, kg

p = matio of fine aggregate to 1otal aggregate by absolutz volume

fa, Ca = total masses of fine and coarse aggregates, per cubic metre of concrete, respectively, kg,
and

S Sea = specific gravities of saturated surface dry line and coarse aggregates, respectively
9. Determine the concrete mix proporions for the first trial mix.

10. Prepare the concrete using the caleulated proportions and cast three cubes of 150 mm size and
tesi them wet afler 28-days mo'st curing and chack for thestrength.

1'1. Prepare trial mixes with suitable adjustments til! the final mix proportions arrived.

TOPIC 1: SPECIAL CONCRLTE

Special types of concrete are those with out-of-ihe-ordinary properties or those produced by
unusual technigues. Concrete is by cefinition & composite material consisting essentially of a
binding medium and aggregate partic/cs, and it can wke many forms.

These concretes do have advantages o well 85 4'sadvantages.

Types of special concrete
1 High Volume Fly Ash Concrete. 'I JIIIJ .
2. Siliea fumes concrete, - I'.'.L \\
1. GGBS, Slag based concreie.
4, Temary blend concrete.
5. Light weight concrete,

£ Polymer concrete,



7. Self-Compacting Concrete.
8. Coloured Concrete.

9. Fibre-reinforced Concrete.
10. Pervious Concrete.

11. Water-proof Concrete.

12. Temperature Controlled Concreate

TOPIC 3: Polymer concrete

Polymer concrete is part of group of concretes thai use polymers to supplement or replace
cement as a binder. The types include polymer-impregnated concrete, polymer concrete, and

polymer-Portland-cement concrete.

. In polymer concrete, thermosetting resins are used as the principal polymer

component due to their high thermal stability and resistance to a wide variety of chemicals.

. Polymer concrete is also composec ol aggregates that include silica, quartz,
granite, limestone, and other high quality material.

* Polymer concrete may be used for new construction or repairing of old concrete.

e The low permeability and corrosive resistance of polymer concrete allows it to be used
in swimming pools, sewer structure anplications, drainage channels, electrolytic cells
for base metal recovery, and other structures that contain liquids or corrosive

chemicals.

e It is especially suited to the consiruction and rehabilitation of manholes due to their
ability to withstand toxic and corrosive sewer zascs and bacteria commonly found in

sewer systems.

¢ It can also be used as a replacerent for asphalt pavement, for higher durability and
higher strength.

¢ Polymer concrete has historically not been widely adopted due to the high costs and

difficulty associated with tradition2] manufacturing techniques.



TOPIC 4: Self compacting concrete
Self-compacting concrete (SCC) is an innovative concrete that does not require vibration for
placing and compaction. It is able to flow under its own weight, completely filling formwork

and achieving full compaction, ever in the presence of congested reinforcement.

The hardened concrete is dense, homogeneous and has the same engineering properties and

durability as traditional vibrated concrete.

Very close to the Kolhapur there is project of steel industry, sand used for the formation of
mould when the moulds are opened the waste sand is dumped for the filling the low lying areas
while doing this the agricuiture areas is converted into barren area. Because there is no space
for the waste other than the land filling. similar case is in case of aluminium industry where red
mud is concluded to be waste, which contains lot amount of bauxite and that is why red mud is
also dump in the nearby areas here it is causing big threat for the society and it is disturbing the
eco system of the environment. So it is the need 10 use this particular otherwise waste material
for the constructive in such fashion in the case of concrete so that concrete which became cost

effective as well as eco-friendly.
Types

Powder type of self-compacting concrete: This 1s proportioned to give the required self-
compactability by reducing the water-powder ratic and provide adequate segregation

resistance.

Viscosity agent type self-compacting concrete: This type is proportioned to provide self-

compaction by the use of viscosity modifying admixture to provide segregation resistance.

Combination type self-compacting concrete: This type is proportioned so as to obtain

self-compactability mainly by reducing the water powder ratio.



13. Unit wise-Question bank

UNIT-I
CEMENT
Two marks question with answers

1. What is the chemical composition of cement?

Composition of Portland cement consists essentially of compounds of lime (calcium
oxide, CaO) mixed with silica (silicon dioxide, SiO ;) and alumina (aluminum oxide,
Al 20 3). The lime is obtained from a calcarzous (lime-containing) raw material, and the

other oxides are derived from an argiilaceous (clayev) material.

2. What is grade of cement? List any three grades of cement with their strengths,

» 721 hr not less than 23 MPa for 43 grade, 27 MPa for 53 grade
» 1682 hrs not less than 33MPa for 43 grade, 37MPa for 53 grade
» 6724 hrs not less than 43MPa for 43 grade, 53 MPa for 53 grade

3. Explain bogue’s compounds of cement?

Thorn bohm's description of the minerals in cement was found to be similar to Bogue's
compound. Hence, Bough's Compounds (38, C2S, C3A, C4AF are sometimes called in
literature as Alite, Belite, Celite. and Felite.

4. Define hydration of cement?

The water causes the hardening of concrete through a  process
called hydration. Hydration is a chemical reaction in which the major compounds in
cement form chemical bonds with water molecules and become hydrates
or hydration products.

5. Write brief about Portland cement?

Concrete is made by Portland cement, water and aggregates. Portland cement is hydraulic
cement that hardens in water to form a water-resistant compound. The hydration products
act as binder to hold the aggregstes together to form concrete. The name Portland cement
comes from the fact that the colour and quality of the resulting concrete are similar to

Portland stone, a kind of limestone found in England.



Three marks question with answers

1. List various types of cemen:.
¢ Rapid Hardening Cement
e Quick setting cement

e Low Heat Cement

¢ Suiphates resisting cement
e Blast Furnace Slag Cement
e High Alumina Cement

e  White Cement

e Coloured cement

e Pozzolanic Cement

e Air Entraining Cement

¢ Hydrographic cement

2. What is the purpose of plasticizer in concrete?

Plasticizers or water reducers, and superplasticizer or high range water reducers, are
chemical admixtures that can be added to concrete mixtures to improve workability. Unless
the mix is "starved" of water, the strength of concrete is inversely proportional to the

amount of water added or water-cement (w/c) ratio.

3. Explain about Normal consistency test?

This test is to determine the water required to achieve a desired plasticity state (called
normal consistency) of cement paste. It is obtained with the Vicat apparatus by measuring
the penetration of a loaded need!z.

4. Explain about Soundness ¢/ cement?
Unsoundness in cement paste refors to excess ve volume change after setting and cement is

caused by the slow hydration of MgO or free lime. Their reactions are MgO +H,0O =
Mg(OH)2 and CaO + H20 = Ca(OH).. Another factor that can cause unsoundness is the
delayed formation of cement and concrete have hardened. The pressure from crystal
growth will lead to cracking anc damage. The soundness of the cement must be tested by
accelerated methods. Le Chatelier test this test is to measure the potential for volumetric
change of cement paste. Another method is Autoclave Expansion test which use an

autoclave to increase the temperature to accelerate the process. l (

l \,J



Five marks question with answers

1. Explain the manufacturing process of cement?

Manufacturing Portland cement:
The basic ingredients of both the drv and wet processes are the same. By mass, lime and silica
make up approximately 85% of Portland cement. Tne materials that are commonly used are

limestone, shells, chalk, shale, clay, slate, silica sand, and iron ore.
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2. What is hydrated cement? Zxplain the heat of hydration

A compound produced by combining a substance chemically with water. Many minerals and
crystalline substances are hydrates. To combine a compound with water, especially to form
a hydrate.to supply water to a person in order to restoe or maintain a balance of fluids.

Heat of Hydration
The heat of hydration is the heat gencrated when water and portland cement react. Heat of
hydration is most influenced by the proportion of C38 and C3A in the cement, but is also
influenced by water-cement ratio, fineness and curing temperature. As each one of these
factors is increased, heat of hydration increases. In large mass concrete structures such as
gravity dams, hydration heat is produced significantly faster than it can be dissipated
(especially in the center of large concrete masses), which can create high temperatures in the
center of these large concrete masses that, in turn. may cause undesirable stresses as the
concrete cools to ambient temperature. Conversely, the heat of hydration can helﬂ maintain

|
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3. Explain the testing method of Compressive Strength of Cement
This test is carried out to determine the compressive strength of cement.
Test Procedure for compressive sirength of cenent:
(i) The mortar of cement and sand is prepared. The proportion is 1:3 which means that (X) gm
of cement is mixed with 3(X) gm of sand.
(i) The water is added to the mortar. The water cement ratio is kept as 0.4 which means that
(X) gm of water is added to dry mortar.
(iii) The mortar is placed in moulds. The test specimens are in the form of cubes with side as
70.6 mm or 76 mm. The moulds are of metal and they are constructed in such a way that the
specimens can be easily taken out without being damaged. For 70.6 mm and 76 mm cubes, the
cement required is 185 gm and 235 gm respectively.
The mortar, after being placed in the moulds, is compacted in vibrating machine for 2 minutes.
(iv) Themoulds are placed in a damp cabin for 24 hours.
(vi) The specimens are removed from the moulds and they are submerged in clean water for
curing,.
(vii) The cubes are then tested in conipression testing machine at the end of 3 days and 7
days. The testing of cubes is carried out on their three sides without packing. Thus three cubes
are tested each time to find out the compressive sirength at the end of 3 days and 7 days. The
average value is then worked out. During the test. the load is to be applied uniformly at the rate
of 350 kg/cm2 or 35 N/mm2.
(viii) The compressive strength of cement at the end of 3 days should not be less than 115 ‘
kg/ecm2 or 11.50 N/mm2 and that at the end of 7 days should no be less than 175 kg/cm2 or '

N/mmz2.

Objective question with answers

1. For quality control of Portland cement. the test essentially done is [ ]
A. Setting time  B. Soundness C. tensile strength D. All the above
2. Lower the normal consistency value, [ ]
A. Lower will be the strength of concrete  B. Medium will be the strength
of concrete

C. Higher will be the strength of concrete  D. None of the above

3. The mixture of different ingredients of cement, is burnt at [ ]
A.1000°C B.1200°C C.1400°C D.1900°C

4. The size of vic at needle, used to conduct sctting of cement is [ ]
A. 10mmDia B.lmm? C.3mm2 D. 10 mm f)ia/

[\ ‘
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5. To obtain cement dry powder, lime stones and shales or their slurry, is burnt ina

rotary kiln at a temperature between [ ]
A. 1100° and 1200°C B. 1200° and 1300°C
C. 1300° and 1400°C D.1400° and 1500°C
6. Vicat's apparatus is used ior [ ]
A. Fineness test B.consistency test C. setting timetest D.Band C
7. Fine aggregates are the aggregates having the size less [ ]
than:
A. Smm B.4.75mm . 3.50mm D.2mm

8. For the improvement of v.orkability of concrete, the shape of aggregate recommended is
A. Angular B.Round C.Flaky D.Irregular

9. In an ordinary Portland cement, the composition oflimeis [ ]
A. 50% B.63% C.21% D.33%
10. Inconcretecubetest,thestandardsizeofcubeis [ ]
A.15cm x 15 cm x15cm B.10cmx 10 cm x 10cm
C. 20 cm x20cmx 20cm D. Ncne
KEY
Q.NO |1 2 3 ¥ 5 5 7 K 9 10
ANS [D A & B D D B B B A

Fill in the blanks question with answers

1. Approximate percentage range of Cz0 in OPC is=
Approximate percentage range of Al2O;in OPCis=
Approximate percentage of SIOzin OPC' is=

il o

_ number of grades available in OPC

Which compound is liberates higher Vheat=

Which compound is liberate slower heat=

In M20 concrete M refers to=

At an early age greater strength contribute compound is= : (

The role of gypsum in cement is= [ / \,'\

10. Least strength contributes compounds is=

© @ N w



Q.NO ANSWERS

1 60-67%

2 3-8 %

3 17-25%

4 3

5 CsA

6 C4AF

7 mix proportion o
8 CaS

9 conirol the “setting of cement”
10 C4AF o

UNIT-1

AGGREGATE AND ADMIXTURES

Two marks question with answers

1. How does alkali aggregate reaction affect concrete?

» The alkali-silica reaction (ASR), morz commonly known as "concrete cancer”, is a
swelling reaction that occurs over time in concrete between the highly
alkaline cement paste and the reactive non-crystalline (amorphous) silica found in many

common aggregates, given sufficient moisture.

2. What is the common classification of aggregates?
Aggregates are classified into 2 types according to size

« Fine aggregate |
» Coarse aggregate : L
Aggregates are classified according to shape [ \u* Y, \



¢ Rounded aggregates

¢ Irregular or partly rounded a:grezates
» Angular aggregates

* Fiaky aggregates

¢ Elongated aggregates

¢ Flaky and elongated aggregates

3. List out the types of admixtures?
a) Accelerating admixtures
b) Retarding admixtures
¢) Water-reducing admixtures
d) Air-entraining admixtures
e) Super plasticizing admixti-es
f) Air-entraining admixtures
g) Accelerating admixtures
h) Water reducing and set controlling admixtures
i) Admixtures for flowing concrete
1) Miscellaneous admixtures
4. Define admixtures?
A material other than water, aggregates, or cement that is used as an ingredient of concrete
or mortar to control setting and eerly hardcning, workability, or to provide additional

cementing properties

S. Explain Alkali Aggregate Reaction

Alkali-aggregate reaction is a term mainly referring to a reaction which occurs over time in concrete
between the highly alkaline cement paste and non-crvstalline silicon dioxide, which is found in
many common aggregates. This reaction can cause expansion of the altered aggregate, leading to
spalling and loss of strength of the concrete. The «lkali-aggregate reaction is a general, but relatively
vague, expression which can lead to confusion. More precise definitions include the following:

I. Alkali-silica reaction (ASR, the most common reaction of this type);
2. Alkali-silicate reaction, and:

3. Alkali—carbonate reaction

Five marks question with answers (L\‘

1. Explain the soundness of aggregate? (\/V



Seundness of Aggregate

The soundness test determines an aguregate’s resistance to disintegration by weathering and, in
particular, freeze-thaw cycles. Aggregates that are durable (resistant to weathering) are less
likely to degrade in the field and cause premature HMA pavement distress and potentially,

failure.

The soundness test repeatedly submerges an aggregate sample in a sodium sulphate or
magnesium sulphate solution. This process causes salt crystals to form in the aggregate’s water
permeable pores. The formation of these crystals creates internal forces that apply pressure on
aggregate pores and tend to break the aggregate. Afier a specified number of submerging and

drying repetitions, the aggregate is sizved to determine the percent loss of material.
2. What is Admixtures and explain the classification of admixtures?

A material other than water, aggregates, or cement that is used as an ingredient of concrete or
mortar to control setting and early hardening, workability, or to provide additional cementing
properties.

Chemica! admixtures: Accelerators, Retarders. Water-reducing agents, Super plasticizers, Air
entraining agents etc.

Water-reducing admixture / Plasticizers

» To achieve a higher strength by decreasing the water cement ratio at the same
workability as an admixture free mix.

» To achieve the same workability by decreasing the cement content so as to reduce the
heat of hydration in mass concretz.
» To increase the workability so as to ease placing in accessible locations
» Water reduction more than 5% but less than 12%.
Super Plasticizers:
These are more recent and more effzctive type of water reducing admixtures also known as high
range water reducer.
Accelerator
An admixture which, when added to concrete, mortar, or grout, increases the rate of hydration
of hydraulic cement, shortens the time of set in concrete, or increases the rate of hardening or
strength development.
Air Entrained Admixtures:
An addition for hydraulic cement or an admixture for concrete or mortar which causes air,
usually in small quantity, to be incorporated in the form of minute bubbles in the concrete or
mortar during mixing, usually to increase its workability and frost resistance. Air-entraining
admixtures are surfactants that change the surface tension of the water. Traditionally, they
were based on fatty acid salts or vinsol resin but these have largely been replaced by synthetic

I



surfactants or blends of surfactants to give improved stability and void characteristics to the
entrained air. Air entrainment is used to produce 2 number of effects in both the plastic and the
hardened concrete

Mineral admixtures

Fly-ash Blast-furnace slag, Silica fume and Rice husk Ash etc

Fly Ash:

The finely divided residue resulting from the combustion of ground or powdered coal. F ly ash
is generaily captured from the chimneys of co:l-fired power plants; it has POZZOLANIC
properties, and is sometimes blendec with cement for this reason.

Fly ash includes substantial amounts of silicon dioxide (SiO2) (both amorphous and
crystalline) and calcium oxide (Ca0). Toxic constituents include arsenic, beryllium, boron,
cadmium, chromium, cobalt, lead, manganese, mercury, molybdenum, selenium, strontium,
thallium, and vanadium.

Silica Fume:

The terms condensed silica fume, microsilica, silica fume and volatilized silica are often used
to describe the by-products extracted from the exhaust gases of silicon, ferrosilicon and other
metal alioy furnaces. However, the terms micro silica and silica fume are used to describe
those condensed silica fumes that are of high quality, for use in the cement and concrete
industry.

Rice Husk Ash:

This is a bio waste from the husk lefi from the grains of rice. It is used as a pozzolanic material
in cement to increase durability and strength. The silica is absorbed from the ground and
gathered in the husk where it makes a structure and is filled with cellulose. When cellulose is
burned, only silica is left which is grinded to fine powder which is used as pozzolana.

3. How does alkali aggregate reaction aifect concrete? Also explain thermal
properties of aggregates?
Alkali-aggregate reaction is a term mainly referring to a reaction which occurs over time in concrete
between the highly alkaline cemen’ paste and non-crystalline silicon dioxide, which is found in
many common aggregates. This reaction can cause expansion of the altered aggregate, leading to
spalling and loss of strength of the concrete.

The alkali-aggregate reaction is a general. but relatively vague, expression which can lead to
confusion. More precise definitions include the following:

1. Alkali-silica reaction (ASR, the most common reaction of this type);
2. Alkali-silicate reaction, and:
3. Alkali—carbonate reaction.

Thermal properties:
Rock and aggregates posses’ three thermal properties which are coefficient of expansion, specific

heat and thermal conductivity

The thermal conductivity varies with the density of concrete, with heavier aggregates resulting
in higher therma! conductivity. The conductivity of concretes known generally to decrease with
increased temperature, through the loss of pore water and the dehydration OT cc,'nent paste.



4. What is Bulk Density of Aggregates

Bulk density of aggregates is the mass of aggregates required to fill the container of a unit
volume after aggregates are batched based on volume It depends on the packing of aggregate
i.e. either loosely packed aggregates or well dense compacted aggregates. In case, if
the specific gravity of material is known, then it depends on the shape and size of particles. It is
because, if all the particles are of same size than packing can be done up to a very limited
extent. If the addition of smaller particles is possible within the voids of larger particles than
these smaller particles enhance the bulk density of the packed material. Shape of the particles
also influence very widely, because closeness particles depends on the shape of aggregates.

Loose Bulk Density

Loose bulk density can be determined by filling the container with dried aggregates until it
overflows from the container. Now level the tor surface of container by rolling a rod on it.
After that, weight the aggregate mass that is inside the container and divide it by the volume of
container. This will give you the bulk density of the loose aggregates.
Compacted Bulk Density

Compacted bulk density can be determined by filling the container in three layers and tamped
each layer with a 16mm diameter rounded nosed rod. After filling in three layersnow leveled

the top surface and evaluate compacted bulk density by using the same expression as for loose

bulk density.

5. Explain the classification of aggregates?
Aggregates are classified according to shape
I.Rounded aggregates
2.Irregular or partly rounded aggregates

3.Angular aggregates
4.Flaky aggregates
5.Elongated aggregates

6.Flaky and elongated aggregates
Aggregates are classified according 1o size ’ ’
1.Fine aggregate [{ V]
2.Coarse aggregate

Aggregates are classified according 10 source



1. Igneous rocks

2. Sedimentary rocks

3. Metamorphic rocks

Aggregates are classified according to weight
1. Normal weight aggregates

2. Light weight aggregates

3. Heavy weight aggregates

Objectives question with answers

1. The rock which is notcalcareous,is: [
A.limestone B.Macl C.Chalk D.Laterite
2. The resistance of an aggregate 10 compressive forces isknownas [

A .Crushingstrength B. Impact value C. Shear resistance D.None of the above
For the improvement of workability of concrete. the shape of aggregate recommendedis
A.Angular B.Round C.Flaky D.Irregular

LV ]

4. Determination of Moisture Content of aggre zatcby [
A.Dryingmethod B. Displacementmethod
C. CalciumCarbidemethod D. All of theabove.

5. Factors which promote alkali asgregate reactionare [
A. Reactive typeofaggregate B. High alkalicontent

C. AvailabilityofMoisture D. All theabove
6. In concrete the fine aggregates is usedto [

A. Fill up the voidsincement B. Fi'l up the voids in coarseaggregate
C. Fill up the voidsinsand D. All theabove

e |

. In Shape Test, the dimension of thickness zauge is calculatedas [
A. 2 4timestheaverageofthesizcofretainedandpassingSieve
B. 1.2timestheaverageofthesizzofretainedandpassingSieve
C. 0.6timestheaverageofthesizeofretainedandpassingSieve

D. 1 .8timestheaverageofthesizeofretainedandpassingSieve

8. In concrete the material used as a fineaggregateis [

A. Cement B.Sand Cjelly D.Gypsum ( (
’ \
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9. The commonly used material in the manufacture of cementis|]

A sandstone B.Slate C.limestone D.graphite.

KEY
Q.NO |1 2 3 - 5 6 7 8 9 10
ANS [ B C B D D [D B C

Fill in the blanks question with answers

1. Thesizeofthecoarseaggregateismorethan=

!J

Thesizeofthefineaggregat=islessthan=

(73]

The minimum 28 days’ compressive strength of 43 grade cementis=
4. The easiness of handling concrete is knownas=

5. Device which is used to find out norma! consistency of cementis=

KEY
Q.NO ANSWERS
1 4.75mm
2 4.75mm =
3 $BMpa
4 workability
5 vicats apparatus
6
7 S




UNIT-111
FRESH CONCRETE

1. Definebleeding.

Bleeding is one form of segregation, where water comes out to the surface of the concrete,
being lowest specific gravity among ali the ingredients of concrete. Bleeding can be easily
identified in the field by the appearance of a thin layer of water in the top surface of freshly

mixed concrete.

2. DefineSegregation.

Segregation in concrete is commonly thought as separation of some size groups
of aggregates from cement mortar in isolated locations with corresponding deficiencies of
these materials in other locations. Scgregation results in proportions of the laid concrete being
in variation to those as designed Segregation could result from internal factors such as concrete
that is not proportioned properly and not mixed adequately, or too workable a mix. It also
could result from external factors such as too miuch vibration, improper transportation,
placement, or adverse weather conditions. The corresponding increase in proportion
of cement paste in upper areas would tend to make them susceptible to increased shrinkage and
formation of cracks. These cracks could be 10 pm to 500 um wide, formed perpendicular to

the surface, and be in the form of map patterns."

1. Define workability.

According to Granville *it is that property of the concrete which determines the amount of

useful internal work necessary to produce full compaction.”

Powers defined it as “that property cf plastic concrete mixture which determines the ease with

which it can be placed and the degre: to which it resists segregation”

ACI (American Concrete Institute) defines it as ‘that property of freshly mixed concrete or
mortar which determines the ease and homogeneily with which it can be mixed, placed,

consolidated and finished’.



ASTM (American Society for Testing and Materials) cefines it as “that property determining
the effort required to manipulate a freshly mixed quantity of concrete with minimum loss of

homogeneity™.

4. List the different factors affecting workability.

» Cement content of concrete.

» Water content of concrete.

« Mix proportions of concrete.
« Size of aggregates.

« Shape of aggregates.

» Grading of aggregates.

» Surface texture of aggregates.

« Use of admixtures in concrete.

5. Define Compacting Factor of workable concrete?

The ratio of the weight of partially compacted concrete to the weight of the concrete when
fully compacted in the same mould. The Compacting Factor Apparatus is used to determine

the compaction factor of concrete with low, medium and high workability.
i i : it}
i. What is the slump test for?

The slump test is a means of assessing the consistency of fresh concrete. It is used, indirectly,

as a means of checking that the corrzct amount of warer has been added to the mix.
2. 'What is mixing of concrete and its methods?

Through mixing of concrete is essential for the production of uniform concrete. The mixing
should ensure that the mass becomes homogeneous, uniform in colour and consistency. There

arc two methods adopted for mixing concrefe hand mixing and machine mixing

3. Define compaction aad its methods?

Compaction of concrete is the process adopted for expelling the entrapped air from the
concrete. In process of mixing, transporting, and placing of concrete air is likely to get

entrapped in the concrete.



Methods of compaction:

Hand compaction

Compaction by vibrators

» Compaction by pressure and jolting
» Compaction by spinning

>
>

4. Flow Table Test

The flow table test or flow test, also known as tne slump-flow test, is a method to determine
consistency of fresh concrete. Flow table test is also used to identify transportable moisture
limit of solid bulk cargoes. It is used primarily for assessing concrete that is too fluid
(workable) to be measured using the slump test, because the concrete will not retain its shape

when the cone is removed.

Application when fresh concrete is dzlivered to a site by a truck mixer, its consistency needs to

be checked before it is poured into formwork.

If consistency is not at the desired lcvel, concrete will not have the required strength and other
qualities once it has set. If concrete is too pasty, cavities may form within it. Rebar may

become corroded, and concrete will crack. Cavities also reduce the concrete strength.
S. What is meant by proportioning of concrete?

The process of relative proportions of cement, sand, coarse aggregate and water, so as to obtain

a concrete of desired quality is known as the proportioning of concrete.

The proportions of coarse aggregate, cement and water should be such that the resulting

concrete has the following properties:

e When concrete is fresh, it should have enough workability so that it can be placed in the
formwork economically.

¢ The concrete must possess maximum density or in the other words, it should be
strongest and most water-tight.

e The cost of materials and labour required (0 form concrete should be minimum.

Fi ; ion witl

1. Explain in detail the slump test procedure and working principles
Concrete slump test is to determine the workability or consistency of concrete mix prepared at

the laboratory or the construction site during the progress of the work. Congérere $1 st is

\/
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carried out from batch to batch to check the uniform quality of concrete during construction.

The slump test is the most simple workability tes: for concrete, involves low cost and provides

immediate results

Factors which influence the concrete slump test:

1.

Material properties like chemistry, fineness, particle size distribution, moisture

content and temperature of ceinentitious niaterials. Size, texlure, combined grading.

cleanliness and moisture content of thz aggregates.

2. Chemical admixtures dosage. type, combination, interaction, sequence of addition and
its effectiveness,

3. Air content of concrete.

4. Concrete batching, mixing and transporting methods and equipment,

5. Temperature of the concrete.

6. Sampling of concrete, slump-testing technique and the condition of test equipment,

7. The amount of free water in the concrete, «nd

8. Time since mixing of concretz at the time of testing.

PROCEDURE FOR CONCRETE SLUMP TEST:

.

]
—.

4,

Clean the internal surface of the mould and apply oil.
Place the mould on a smooth horizontal non- porous base plate.

Fill the mould with the prepared concrete mix in 4 approximately equal layers.

Tamp each layer with 25 strokes of the rounded end of the tamping rod in a uniform

manner over the cross section oi the mouid. For ine subsequent layers, the tamping should

penetrate into the underlying layer.

5.

6.

~1

8.

Remove the excess concrete and level the surface with a trowel.
Clean away the mortar or water leaked out between the mould and the base plate.
Raise the mould from the concrete immediately and slowly in vertical direction.

Measure the slump as the difference between the height of the mould and that of height

point of the specimen being tested.

/ 1 )
2. Explain brieflyFactors affecting workability / ( |



Workable concrete shows very less internal friction between particles and overcomes the
frictional resistance with just the amount of compacting efforts provided. Workability of the
concrete depends on a number of interrelating factors. Water content, aggregate properties, use

of admixtures, fineness of cement are the factors affecting workability.

1. Water content:

The increase in water content increases the fluidity of the concrete thus providing greater
lubrication. This helps to increase the workability of the concrete. Increasing the water
content should be the last resort to improve the workability in the concrete as this will
seriously affect the strength of the concrete. Lven if more amount of water is to be added,
more cement also should be added so that the water/ cement ratio remains the same and
hence the strength of the concretc remains unaffected.

2. Size of aggregates:

The surface area of bigger aggrevates is less and hence less amount of water is required for
lubricating the surface to reduce the friction. Thus the concrete having large sized
aggregate is more workable (of course, within certain limits).

3. Mix proportions:

Aggregate/ cement ratio is the measure ol how iean or rich the concrete is. If aggregate/
cement ratio is higher, the concrete bzcomes lcaner. In lean concrete less paste is available
for the lubrication of the aggregate, while in rich concrete with low a/c ratio, more paste is
available which makes the mix more cohesive and hence provides better workability.

4. Shape of aggregates:

Rounded aggregates have considerably lecs surface area and less voids in comparison to
angular or flaky aggregates which provide better possibility of overcoming the frictional
resistance. Further, angular and flaky aggregates make concrete very harsh.

5. Surface texture of aggregates:

The aggregates having smooth or glossy texture have less surface area compared to rough
textured aggregates. This provides better workability as less amount of water is required for
lubricating effect. But, taking into account the poor interlocking action provided by the
glossy textured aggregate, its use is generally discouraged in high strength concrete.

6. Grading of aggregates:

Well graded aggregate is the one with least amount of voids in a given volume. If Ehe
grading of aggregate is good, the voids will be less and hence higher the workability/ { l._:J-‘
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7. Use of admixtures:

Use of admixtures in concrete is the major fuctor that affects the workability. The use of

plasticizers and super-plasticizers amply increase the workability of the concrete. Air

entraining agents produce air bubbles which act as rollers between particles and provide

better mobility thus improving the workability .

8.

Time and temperature:

Fresh concrete gets stiffened as the time flows. This is because some of the water used to

mix the concrete gets evaporated and some gets absorbed by the aggregates. Thus the

workability of concrete reduces with time. This loss of workability with time is known

as slump loss. The effect of temperature on workability of concrete is noteworthy. As the

temperature increases, the workability of the mix reduces.

3. Explain the Measurements of workability/Workability Tests
Slump test

>

‘4

It is the most common method for measuring the workability of freshly mixed concrete.
it can be performed both in lab and at site. Uniformity of the concrete regarding
workability and quality aspects can be assessed from batch to batch by observing the
nature in which the concrete slumps. It is not v ery suitable for very wet or very dry concrete.

A steel mould in the form of frustum of cone is used in slump test which has the top
diameter of 100 mm, bottom diameter of 200 mm and the height is 300 mm. According
to Indian standard specification, the maximum size of the aggregate in concrete that can
be used to perform slump test is restricted to 38 mm.

The mould is cleaned and freed from anv surface moistures and then the concrete is
placed in three layers. Each layer is tampad 25 times with a standard tamping rod (16
mm dia, 0.6 meter length). Inmediatzly «fter filling, the cone is slowly lifted and the
concrete is allowed to subside. The decrease in the height of the center of the slumped
concrete is called siump and is measured to the nearest Smm.

If the concrete subsides evenly all round, the slump measured is true slump. If one half
of the cone slides down an inclined plane. a shear slump is said to have taken place and
the test has to be repeated. Too wet mix shows collapsible nature of slump.

Compacting factor test

» This test is generally carried out in laboratory but can be used in site also. it is

particularly useful for concrete mixes of very low workability (or very dry concrete) as
they are insensitive to slump test.

> This test works on the princinle of determining the degree of compaction achieved by a

standard amount of work done by allowing the concrete to fall through a standard
height.

Container

Eottom diameter

Top diameter (inm) | (ram) Height (mm)

i

Upper hopper

254 127 279

|
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Lower hopper 229 127 229

Cylinder 152 152 305

Distance between bottom of upper hopper and top of lower hopper =203 mm

Distance between bottom of lower hopper and top of cylinder = 203 mm

» The concrete is placed in the upper hopper gently so that no effort is applied to produce
compaction. The bottom door is opened so that the concrete falls on the lower hopper.
Again the bottom door of the lov.er hopper is opened and the concrete falls on the cylinder.
After removing the excess concrete by the help of blades, the weight of the cylinder
(known volume) is taken to nearest 10 grams. This weight is known as “weight of partially
compacted concrete”. The cylinder is emptied and then filled with the same sample
rammed heavily so as to obtain full compaction. The cylinder is weighed to nearest 10
grams. This weight is known as “weight of fu!ly compacted concrete”.

» Compacting factor = (weight of partially compacted concrete) / (weight of fully

compacted concrete)

Vee-Bee test

» Vee-Bee test is a good laboratory test suitable for stiff concrete mixes having low and
very low workability. It consists of a vibrating table, a metal pot, a sheet of metal cone
and a standard iron rod.

» In this test, Slump test as mentioned above is performed by placing the slump cone
inside the sheet metal cylindrical pot. Then the vibration is started and the time on a
stop watch is noted. The time taken by the concrete to take cylindrical shape after the
conical shape disappears is noted. This time recorded is known as Vee-Bee Degree or
Vee-Bee seconds.

Klow Test

h

» This is a laboratory test. It gives an indication of the quality of the concrete with respect
to consistency, cohesiveness and the proneness to segregation. The spread of the flow
of the concrete is measured «ind this is related to workability. This test is best suitable
for flowing concrete made by the use of superplasticizing admixtures.

Kelly Ball Test

» This is a simple field test consisting of the determination of the indentation made by 15
cm diameter metal hemisphere weighing ' 3.6 kg when freely placed on fresh concrete.
It is quite faster and provides precise measurement of workability than slump test. But
it requires large amount of concrete to be {
v
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4. Briefly explain manufacturing procedureofconcrete.

Baiching:
The measurement of materials making concrete is known as batching, these batching are two
methods weigh batching and volume batching

Mixing:
Mixing of material is essential for the production of uniform concrete. The mixing should

ensure that the mass becomes uniform in color and consistency .there are two methods adopted
for mixing concrete hand mixing and machine mixing

Transporting:

The method adopted for transportation of concrete

Mortar pan, wheel barrow hand cart, crane bucker and rope way, truck mixer, belt conveyor,
transit mixer, pump and pipeline, helicopter.

Placing of concrete:

Concrete is invariably laid as a foundation bed below the walls or columns before placing the
concrete in the foundation all the loose earth mus! be removed from the bed.

Compaction:

Compaction of concrete is the process adepted for expelling the entrapped air from the
concrete. the method of compaction is hand compaction, vibration compaction, compaction by '
pressure and jolting, compaction by spinning.

Curing:

curing can also be described as keeping the concrete moist and warm enough so that the

hydration of cement can continue more elaboratelv it can be described as the process of

maintaining a satisfactory moisture content and a favorable temperature in concrete during the

period immediately following placement so that hydration of cement may continue until the .
desired properties are developed to a sufficient degree to meet the requirement of service.

Curing methods are water curing, membrane curing, and application of heat.

Finishing:

It’s the last operation making concrete. Its increases does not apply to all concrete operations

S. Explain briefly quality of mixing water incorcrete

Concrete is a chemically combined mass which is manufactured from binding materials and
inert materials with water. ( f

Function of Water in Concrete: | ( \J \
To wet the surface of aggregates to develop adhesion because the cement pastes adher{:§
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quickly and satisfactory to the wet surface of the uggregates than to a dry surface. To prepare a
plastic mixture of the various ingrediznts and to impart workability to concrete to facilitate

placing in the desired position and

Water is also needed for the hydration of the cementing materials to set and harden during the

period of curing.

The quantity of water in the mix plays a vital rolc on the strength of the concrete. Some water
which have adverse effect on hardcned concrete. Sometimes may not be harmless or even
beneficial during mixing. So clear distinction should be made between the effect on hardened
concrete and the quality of mixing water.

The effect on concreting for different types of contamination or impurities are described below:
Suspended Solids: ‘

Mixing water which high content ot suspended solids should be allowed to stand in a setting
basing before use as it is undesirable to introduce large quantities of clay and slit into the
concrete.

Acidity and Alkalinity:

Natural water that is slightly acidic are harmless, but presence of humic or other organic acids
may result adverse affect over the hardening o concrete. Water which are highly alkaline
should also be tested.

Algae:

The presence of algae in mixing water causes air entrainments with a consequent loss of
strength. The green or brown slime forming algae should be regarded with suspicion and such
water should be tested carefully.

Sea Water:

Sea water contains a total salinity o about 3.5%: 78% of the dissolved solids being NaCl and
15% MgCl> and MgSOs), which produces a siightiy higher early strength but a lower long-term
strength. The loss of strength is usually limited to 15% and can therefore be tolerated. Sea
water reduces the initial setting time of cament but do not effect final setting time.

Chiloride:

Water containing large amount of chlorides itends to cause persistent dampness and
surface efflorescence. The presence of chlorides in concrete containing embedded steel can
lead to its corrosion.

Moisture Content of Aggregate:

1% of surface moisture but fine aszgregate can contain in excess of 10%.

F\Y can

Aggregate usually contains some surface moisture. Coarse aggregate rarely contains more than
is pr
\ - I\
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represent a substantial proportion of the total mixing water indicating a significant importance

in the quality of the water that contributes surface moisture in aggregate

6. Explain the Effect of time and temperature on workability

When fresh concrete is laid at the site then proper curing of concrete is required, because
structures are exposed to the environment and in these conditions if there is no such an
arrangement against the environment, then there 2re many factors that affect the workability of
concrete and temperature is One of them. Temperature, almost in every aspect has negative
effects on the properties of concrete and same is the case with the workability of fresh

concrete.

When temperature increases, then in the same proportion workability of fresh concrete
decreases. The reason that stands behind is “ when temperature increases then evaporation rate
also increases due to that hydration rate decreases and hence, concrete will gain strength earlier
“. Due to fast hydration of concrele, a hardening comes in concrete and that decreases the
workability of fresh concrete. Therefore, In return manipulation of concrete becomes very
difficult.

It indicates that the temperature has a negative effect on the workability of concrete as well as
strength up to some extent. Temperature decreases the setting time by increasing hydration rate

and that increase the early age strength of the concrete.

This is an advantage that less time will be required before removing of form works on site, but
this decrease the use of proper placement of concrete in the initial stages. And if concrete is not

properly laid, then strength distribution will not remain the same throughout the cross-section

7. Explain briefly the setting time of concrete?
Generally Initial setting is the time ¢lapsed between the moment water is added to the cement

to the time at which paste starts losing its plasticity. Final setting time of cement is the time
elapsed between the moment the waler is added to the cement to the time at which paste has

completely lost its plasticity and attained sufficient firmness to resist certain definite pressure.

Cement + water = paste

Paste + fine aggregate = mortar,

/1

urﬁr;gi tl/l\ks time

Mortar + coarse aggregate = concreic
Time is required for mixing, transporting, placing. compacting and finishing. %
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the above mentioned cement paste/mortar/concrete must be in plastic condition which is
termed as Initial setting time of cement. Here 30 min are given while handling these mixing
operations, here fineness of cement znd suitable constituents are maintained in such a way that
concrete is remained in plastic condition for handling procedures.
Initial setting time:

1. Cement is mixed with 0.85 times the water required for standard consistency.

2. As per vicat’s test “the time elapsed since the addition of water to the cement up to

the time at which the needle carnot penetrate 5 to 7 mm from the bottom of the
vicat'smould.

Final setting time:

1. Determined by Vicat’s apparatus using vicat's needle with annular collar of Sem
diameter.

2. As per vicai's test “the time elapsed since the addition of water to the cement up to
the time at which the needle with annular collar can only make a mark on the hard
cement surface.

8. What is segregation and how can it be prevented?

Segregation of concrete is separation of ingredients of concrete from each other. In good
concrete all concrete aggregates are cvenly coated with sand and cement paste and forms a

homogeneous mass.

During handling, transporting and placing, due to jerks and vibrations the paste of cement and
sands gets separated from coarse aggregate. If concrete segregates during transit it should be
remixed properly before depositing. However a concrete where initial setting time is over,
should not be used.

Prevention of Segregation of Concrete:

Wherever depth of concreting is more than 1.5 meters it should be placed through temporary
inclined chutes. The angle of inclination may be kapt between 1:3 and 1:2 so that concrete
from top of chutes travels smoothly to bottom, use of small quantity of free water from top at
intervals helps in lubricating the path of flow of concrete to bottom smoothly. The delivery end
of chute should be as close as possible to the point of deposit.

Segregation in deep foundations and rafts of thickness more than | meter, there is every .
possibility of presence of segregated concrete near bottom or in center if proper supervision is

not there. Such segregation can be detected by advanced method of testing like ultrasonic

testing. In case of doubt random ultrasonic testing should be conducted and if it is present,

designer’s opinion should be taken. i his type of segregation can be rectified by pressure

grounding with special chemical conipounds.

After any defect rectified by pressure grouting core test has to be performed to ensure that the
strength of concrete has reached to the desired level /( /
/ \ ‘\ ./f\
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9. What is meant by curing of concrete?

Curing of concrete is defined as the process of maintaining the moisture and temperature

conditions of concrete for hydration reaction to normally so that concrete develops hardened

properties over time. The main components which nezd to be taken care are moisture, heat and

tiine

during curing process.

Why curing of concrete is required?
Curing of concrete is required for the following reasons:

To prevent the concrete to dry out prematurelyv due to solar radiation and wind. This
prevents plastic shrinkage of concrete.

It helps to maintain the concrete temperature by allowing the hydration process.
Hydration process requires water to carry on and releases heat.

Curing helps the concrete to harden and bond with internal materials and reinforcement.
This helps to prevent damage to bond between concrete and reinforcement due to
vibration and impact.

This helps development of impermeable, crack free and durable concrete.

Objective question with answers

1.

w

In rich mixes; use of _size aggregate givesbetterresults. [ ]
A. Larger B.Medium C.Smaller D.None

For given water content, workability decreases il the concrete aggregates
contain an excess of

A. Thin particles B. elongated particles Flakyparticles D. all theabove
B.

For ensuring quality of concretz use [ ]
A. Single sized aggregates B. two sized aggregate

C. graded aggregates D. coarseaggregates

The standard sand now a days used in [ndia, is obtained from [
A. Jaipur B.Jullundur C.Hyderabad D.Ennore

The maximum amount of dust which may be permitted in aggregates is [

A. 5%of the total aggregates for low workability with a coarse grading

B. 10% of the total aggregates for low workability with a fine grading

C. 20% of the total aggregates for a mix having high workability with finegrading
D. all the above.

The bulk density of aggregates does not depend upon: [
A. size and shape of aggregates B. specific gravity ofaggregates 1



C. gradingofaggregates D. sizc and shape of the container

7. An aggregate is said to be flaky if its least dimension is less than [
A. 1/5th ofmeandimension B. 2/5th of meandimension
C. 3/5th ofmeandimension D. 4/5th of meandimension

8. To ensure constant moisture content inaggregates [
A. height of each aggregate pile should not excecd 1.50m
B. aggregatepileshouldbelefifor?4hoursbe forcaggregatesareused
C. conical heaps of aggregates should be avoided to prevent moisturevariation
D. all theabove

9. For the construction of cement concrete floor, the maximum permissible

size of fine aggregate is [
A4.75mm B.6.22mm C.8.12mm D. 10.50mm
10. The process of proper and accurate measurement of concrete ingredients for
uniformity of proportion, is known [ ]
A. grading B.Curing C.Mixing  D.Batching
KEY
Q.NO [ 1 2 3 4 5 6 |7 8 9 10
ANS | C D & D D D |C D D D

Fill in the blanks question with answers

I. In rich mixes; use of size aggregate gives better results.
2. Slump test is done for=

3. Concrete mainly consists of=

4. Workability of concrete is measured by =

5. The property of separation of cement paste from concrete material is known as=
6. Commonly employed test for measurement of cement workability is=

7. The process of proper and accurate measurement of concrete ingredients foruniformity of
proportion is known=

8. In order to make concrete durable. the water cemernt ratio should be= / ( \W{
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9.While compacting the concrete by a mechanica! vibrator, the slump should not exceed=

10. Compacting factor formula =

o
Z
=)

ANSWERS

small

concrete

cement, aggregates and admixtures

slump test

segregation

vee-bea test

batching

Moderate
5CM
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partially compacted concrete/fully

compacted concrete

T | ion witl

UNIT-IV HARDENED CONCRETE
1. Define Water/cement ratio?

The water—cement ratio is the ratio of the weight of water to the weight of cement used in a
concrete mix. A lower ratio leads to higher strength and durability, but may make the mix
difficult to work with and form. Workability can be resolved with the use of plasticizers or
super-plasticizers.
2. What is meant by gel-space ratio?
Strengths of cement pastes with different mixture properties and maturities depend in a very
similar over linear fashion on the gel-space ratio, which is the ratio of the volume of

hydration products over the volume of both hydration products and capillary pores.

3. Why is the modulus of elasticity important?

It is dependent upon temperature end pressure however. The Young's Modulus (or Elastic
Modulus) is in essence the stiffness of a material. In other words, it is how easily it is bended

or stretched. When a material reached a certain stress. the material will begin to def (
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4. Define Shrinkage cracking?

When concrete is subjected to compressive loading it deforms instantaneously. This immediate
deformation is called instantaneous strain. ... This time-dependent strain is termed as creep.
Drying shrinkage (often, simply shrinkage) is the reduction in volume of hardened concrete

due to loss of moisture by evaporation.

Drying shrinkage is defined as the contracting of 4 hardened concrete mixture due to the loss of
capillary water. This shrinkage causes an increase in tensile stress, which may lead to cracking,
internal warping, and external deflection, before the concrete is subjected to any kind of

loading.

5. Define Tension cracking?

The stress intensity factors at the tension crack tip are computed with three tensile loading
conditions Instead, researchers belicve that the angular outline was produced by giant tension
cracks in the moon's crust as it cooled around an upwelling plume of hot material from the

deep interior.

Tl | ; it} )
1. Define Concrete cree
Concrete creep is defined as deformation of struc ture under sustained load. Basically as long
term pressure or stress on concrete can make it change shape. This deformation usually occurs
in the direction the force is being applied. Like a concrete column getting more compressed,
or a beam bending.

2. What is plastic shrinkage?

They are usually parallel to each other on the order of 1 to 3 feet apart, relatively shallow, and
generally do not intersect the perimeter of the slab. Plastic shrinkage cracking is more likely to
occur when high evaporation rates cause the concrete surface to dry out before it has set.

3. What is Poisson's ratio?
Poisson's ratio is the ratio of transverse contraction strain to longitudinal extension strain in the

direction of stretching force. Tensile deformation is considered positive and compressive

deformation is considered negative.

4. What is the modulus of elasticity? (N \‘
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Young's modulus( E ) describes tensile elasticity, or the tendency of an object to deform along
an axis when opposing forces are applied along that axis; it is defined as the ratio of tensile
stress to tensile strain. It is often refzrred to simply as the elastic modulus.

5. What is tensile modulus?

Tensile Modulus is defined as the "ratio of stress (force per unit area) along an axis to strain
(ratio of deformation over initial length) along that axis" It can be used to predict the
elongation or compression of an object as long as the stress is less than the yield strength of the

material
Fi | " itl .

L. Explain nondestructive tests. What are the codal provisions for NDT?

Nondestructive testing of concrete can be defined as the test method used to examine the
properties of concrete used in the actual structure. These test methods can also be said as in-
situ tests or in-place tests. Traditionally these tests are said to be as the non-destructive test
although some minor damage to the structure may be involved. An important feature of non-
destructive test is that the place where test is done can be used for re-testing. The use of non-
destructive tests has increased the safety level of corstruction and also helps in improving the
scheduling of construction. All this increascs the speed of construction besides keeping the
economy of construction in considerable limirs.
These tests can be categorized in two parts:

# Tests used to determine the strength of concrete

» Tests used to determine the orher characteristics of concrete like voids, cracks etc

The most common tests which are usually conducted are:
Rebound Hammer Test

It is one of the oldest nondestructive tests. This test is widely used because of its economical
procedure

Penetration Resistance Test
In this test resistance to the penetration of steel rod in the concrete is used as the strength value
Ultrasonic Pulse Velocity Test

This test has automatic program apparatus. Apparatus is just placed on specimen. The waves



pass through the specimen. Time taken by waves 1o reach from one end of specimen to other is
considered to be the strength of specimen. Less the time taken, weaker will be the specimen
and vice versa

Puil out Test

This test measure the strength of spacimen by means of special tension jacks that are usually
used to be inserted in test specimen

Z.Explain briefly factors affecting concrete strength
Concrete strength is affected by many factors, such as quality of raw materials, water/cement

ratio, coarse/fine aggregate ratio, and age of concrete, compaction of concrete, temperature,

relative humidity and curing of concrete.

Ouality of Raw Materials:
Cement, aggregate and water

Water / Cement Ratio:

The higher the water/cement ratio, the greater the initial spacing between the cement grains and
the greater the volume of residual voids not filled by hydration products.
Coarse/ fine aggregate ratio:

Following points should be noted for coarse/tine aggregate ratio:

If the proportion of fines is increasec in relation to the coarse aggregate, the overall aggregate

surface area will increase.

If the surface area of the aggregate has increased, the water demand will also increase.
Assuming the water demand has increased, the water cement ratio will increase.

Since the water cement ratio has incrzased, the compressive strength will decrease.

Age of concrete;

The degree of hydration is synonymous with the age of concrete provided the concrete has not

been allowed to dry out or the temperature is too low.

Compaction of concrete:
Any entrapped air resulting from inadequate compaction of the plastic concrete will lead to a

reduction in strength. If there was 10% trapped air in the concrete, the strength will fall down

in the range of 30 to 40%.



The rate of hydration reaction is temperature Jlependent. If the temperature increases the
reaction also increases. This mean- that the concrete kept at higher temperature will gain

strength more quickly than a similar concrete kept at a lower temperature.

Relative humidity:
If the concrete is allowed to dry out, the hydration reaction will stop. The hydration reaction
cannot proceed without moisture. The three curves shows the strength development of similar
concretes exposed to different conditions

Curing:

It should be clear from what has been said above that the detrimental effects of storage of
concrete in a dry environment can be reduced il the concrete is adequately cured to prevent

excessive moisture loss.

3. Explain neat procedure for Compressive strength of concrete?

Out of many test applied to the concrete, this is the utmost important which gives an idea about
all the characteristics of concrete. Ly this single test one judge that whether Concreting has
been done properly or not.

Compressive strength of concrete depends on many factors such as water-cement ratio, cement
strength, quality of concrete materizal. and quality control during production of concrete etc.

Procedure: Compressive Strength Test of Concrete Cubes

For cube test two types of specimens either cubes of 15cm X 15¢cm X 15¢m or 10cm X 10cm x
10cm depending upon the size of aggregate are used. For most of the works cubical moulds of

size 15cm x 15cm x 15¢cm are commonly used.

This concrete is poured in the mould and tempercd properly so as not to have any voids. After
24 hours these moulds are removed and test specimens are put in water for curing. The top
surface of this specimen should be made even and smooth. This is done by putting cement

paste and spreading smoothly on whole zrea of specimen.

These specimens are tested by compression tesiing machine after 7 days curing or 28 days
curing. Load should be applied gradually at the rate of 140 kg/cm2 per minute till the
Specimens fails. Load at the failure divided by area of specimen gives the compressive strength

of concrete. /



4. What is tensile strength of concrete? Explair its types in detail?
Flexural strength of concrete:

Flexural strength is one measure of the tensile strength of concrete. It is a measure of an
unreinforced concrete beam or slab 1o resist failure in bending. It is measured by loading 6 x 6 inch
(150 x 150-mm) concrete beams with a span length at least three times the depth. The flexural
strength is expressed as Modulus of Rupture (MR) in psi (MPa) and is determined by standard test
methods ASTM C 78 (third-point loading) or ASTM C 293 (center-point loading).

Flexural Strength of Concrete Flexural MR is about 10 to 20 percent of compressive strength

depending on the type, size and volume of coarse aggregate used. However, the best
correlation for specific materials is obtained by laboratory tests for given materials and mix
design. The MR determined by third-point loading is lower than the MR determined by center-
point loading, sometimes by as much as 15%.

Split tensile strength of concrete:

The tensile strength of concrete is one of the basic and important properties. Splitting tensile

strength test on concrete cylinder is a method to determine the tensile strength of concrete.

The concrete is very weak in tension due to its brittle nature and is not expected to resist the
direct tension. The concrete develops cracks when subjected to tensile forces. Thus, it is
necessary to determine the tensile strength of concrete to determine the load at which the

concrete members may crack.

S.Explain in detail the creep of concrete and its factors?

Creep is the time-dependent tlow of concrete caused by its being subjected to stress. This
deformation, which occurs rapidly at first and then decreases with time, can be several times larger
than the strains due to elastic shoricning.Using more scientific approach; When load is applied to
concrete at time to, a deformation occurs immediately which can be expressed as the elastic strain, €
(to). If this applied load is left on concrete proclucing a constant stress, the instantaneous elastic
strain € (to) begins to increase.

The rate of increase is fast during the first 3 months, after which it begins to slow down.

Factors effecting creep

Creep has been found to depend on

-the mix proportions (w/c ratio,aggrsgate type)

-humidity,temperature

-curing conditions,

-maturity of the concrete when first loaded

The deformation due to creep causes a shortening of the pre-stressing strands, which leads to a

loss in stress in the strand. ‘ /’
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Effects of Creep:

Creep of plain concrete does not by itself affeci strength, although under very high stresses

creep hastens the approach of the limiting strain a which failure takes place.

The influence of creep on the ultimate strength of a simply supported, reinforced concrete
beam subjected to a sustained load is insignificant, but deflection increases considerably and
may in many cases be a critical consideration in design.

Another instance of the adverse effccts of creep s its influence on the stability of the structure
through increase in deformation and consequent Liansfer of load to other components.

Thus, even when creep does not affzct the ultimare strength of the component in which it takes
place, its effect may be extremely scrious as far s the performance of the structure as a whole
is concerned.

The loss of prestress due to creep is well known and accounted for the failure of all early
attempts at prestressing. Only with the introduction of high tensile steel did prestressing
become a successful operation.

The effects of creep may thus be harmful. On the whole, however, creep unlike shrinkage is
beneficial in relieving stress concentrations and has contributed to the success of concrete as a
structural material.

6. Explain in detail the shrinkage of concrete and its types?
Concrete is subjected to changes in volume either autogenus or induced. Volume change is

one of the most detrimental properties of concrete, which affects the long-term strength and
durability. To the practical engineer, the aspect of volume change in concrete is important

from the point of view that it causes unsightly cracks in concrete.

We have discussed elsewhere the effect of volume change due to thermal properties of
aggregate and concrete, due to alkali/aggregate reaction, due to sulphate action etc. Presently

we shall discuss the volume change on account of inherent properties of concrete

“shrinkage”.

One of the most objectionable defzcts in concrete is the presence of cracks, particularly in
floors and pavements. One of the important factors that contribute to the cracks in floors and
pavements is that due to shrinkage. It is difficult to make concrete which does not shrink and

crack. It is only a question of magnitude.

Now the question is how to reduce the shrinkage and shrinkage cracks in concrete structures.

The term shrinkage is loosely used to describe the various aspects of volume changes in

/

.

(bl



concrete due to loss of moisture at different stages due to different reasons.

Types of Shrinkage in Concrete

To understand this aspect more closely, shrinkage can be classified in the following way:
(a) Plastic Shrinkage

(b) Drying Shrinkage

(c) Autogeneous Shrinkage

(d) Carbonation Shrinkage

L Define modulus of elasticity and dynamic modulus of elasticity?

Modulus Elasticity

Defining modulus of elasticity of concrete is difficult; Because concrete is not a linearly elastic
material Since the slope of o-g curve of concrete is not constant. We must first describe
modulus of elasticity (Ec). In general: Modulus of elasticity defined for concrete is the
instantaneous Ec. This is not influenced by the time effect (mean Ec is function of many
variables) Instantaneous Ec can be defined in 3 ways.

— Initial Modulus of Elasticity, E

— Secant modulus

— Tangent modulus

Dynamic Modulus of Elasticity

Dynamic modulus is the ratio of stress to strain under vibratory conditions (calculated from
data obtained from either free or forced vibration tests, in shear, compression, or elongation). It

is a property of visco elastic materials

8. What is curing? What are the different methods of curing?

Curing can be described as keeping the concrete moist and warm enough so that the hydration
of cement can continue. More elaborately, it can be described as the process of maintaining
satisfactory moisture content and a favorable temperature in concrete during the period
immediately following placement, so that hydration of cement may continue until the desired

properties are developed to a sufficient degree 1o meet the requirement of service.



If curing is neglected in the early perioc of hydration, the quality of concrete will experience a
sort of irreparable loss. An efficient curing in the early period of hydration can be compared to

a good and wholesome feeding given to a new born baby.
Methods of Curing Concrete
Concrete curing methods may be divided broadly ‘nto four categories:

1. Water curing
Membrane curing

Application of heat

ol i

Miscellaneous

1. Water curing
This is by far the best method of curing as it satisfies all the requirements of curing, namely,

promotion of hydration, elimination of shrinkage and absorption of the heat of hydration. It is
pointed out that even if the membrane method is udopted, it is desirable that a certain extent of
water curing is done before the concrete is covered with membranes. Water curing can be done

in the following ways:

Y

Immersion

Y

Ponding

Y

Spraying or Fogging

A7

Wet Covering

2. Membrane curing

Sometimes, concrete works are carried out in places where there is acute shortage of water.
The lavish application of water for water curing is not possible for reasons of economy. Curing
does not mean only application of water; it means also creation of conditions for promotion of
uninterrupted and progressive hydration. It is also pointed out that the quantity of water,
normally mixed for making concrele is more than sufficient to hydrate the cement, provided
this water is not allowed to go out from the body of concrete. For this reason, concrete could be
covered with membrane which will effectively seal off the evaporation of water from concrete.

3. Application of heat

The development of strength of concrste is a function of not only time but also that of
temperature. When concrete is subjected to higher temperature it accelerates the hydration
process resulting in faster development of strength. Concrete cannot be subjected to dry heat to
accelerate the hydration process as the presence of moisture is also an essential requisite.
Therefore, subjecting the concrete 10 higher lemperaiure and maintaining the required we?ness’

¥
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can be  achieved by subjecting  the concrete  to steam curing.
A faster attainment of strength will contribute to many other advantages mentioned below. The
exposure of concrete to higher temperature is donc in the following manner:

Steam curing at ordinary pre<sure
Steam curing at high pressurc
Curing by Infra-red radiation
Electrical curing.

VVVY

4. Miscellaneous methods

Calcium chloride is used either as a surface ceating or as an admixture. It has been used
satisfactorily as a curing medium. Both these methods are based on the fact that calcium
chloride being a salt shows affinity for moisture. The salt not only absorbs moisture from
atmosphere but also retains it at the surface. This moisture held at the surface prevents the
mixing water from evaporation and thereby keeps the concrete wet for a long time to promote
hydration. Formwork prevents escaping of moisture from the concrete, particularly, in the case
of beams and columns.

Keeping the form work intact and sealing the joint with wax or any other sealing compound
prevents the evaporation of moisture from the concrete. This procedure of promoting hydration
can be considered as one of the miscellaneous methods of curing.

9. Explain the procedure for Ultra Sonic Pulse Velocity(UPV)

UPV Procedure

i) Preparing for use: Before switching on the “V’ meter, the transducers should be connected to
the sockets marked “TRAN" and ” REC”. The ‘V' meter may be operated with either:

a) the internal battery,

b) an external battery or

¢) the A.C line.

ii) Set reference: A reference bar is provided to check the instrument zero. The pulse time for
the bar is engraved on it. Apply a simear of grease to the transducer faces before placing it on
the opposite ends of the bar. Adjust the ‘SET REF’ control until the reference bar transit time

is obtained on the instrument read-out.

iii) Range selection: For maximum accuracy, it is recommended that the 0.1 microsecond range

be selected for path length upto 400mm.

iv) Pulse velocity: Having determinzd the mcst suitable test points on the material to be tested,
make careful measurement of the path length "L’. Apply couplant to the surfaces of the
transducers and press it hard onto the surface of the material. Do not move the trafls ers
‘. ‘ T -~
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while a reading is being taken, as this can generate noise signals and errors in measurements.
Continue holding the transducers oito the surface of the material until a consistent reading
appears on the display, which is the time in microsecond for the ultrasonic pulse to travel the
distance ‘L’. The mean value of the display readings should be taken when the units digit hunts
between two values

Pulse velocity= (Path length/Trave! time)

v) Separation of transducer leads: it is advisable to prevent the two transducer leads from
coming into close contact with each other when the transit time measurements are being taken.
If this is not done, the receiver lead might pick-up unwanted signals from the transmitter lead
and this would result in an incorrect display of the transit time

10. Explain the procedure for rebound hammer test?

Erocedure for rebound hammer,

i) Before commencement of a test, the rebound hammer should be tested against the test anvil,
to get reliable results, for which the manufacturer of the rebound hammer indicates the range of

readings on the anvil suitable for different types of rebound hammer.

ii) Apply light pressure on the plunger — it will release it from the locked position and allow it
to extend to the ready position for the test.

iii} Press the plunger against the surtace of the concrete, keeping the instrument perpendicular
to the test surface. Apply a graduz! increase in pressure until the hammer impacts. (Do not
touch the bution while depressing the plunger. Press the button after impact, in case it is not
convenient to note the rebound reading in that position.)

iv)Take the average of about 15 readings.

Interpretation of Resuits

The rebound reading on the indicator scale has been calibrated by the manufacturer of the
rebound hammer for horizontal impact, that is, on a vertical surface, to indicate the
compressive strength. When used in any other position, appropriate correction as given by the

manufacturer is to be taken into account.



Objective question with answers

I In ultrasonic test for hard:ned concrete geod quality
ofconcreteisindicatedifthepulsevelocity s

A. below3km/s B. above 3.5km/s
C. Above4.5km/s D. None of theabove

2. Specified compressive strength of concrete is obtainedfrom cube tests at the end of
A. 3days B.7days . 1ddays D. 28days

3. Shrinkage in concrete can be reduced by using
A. low watercementratio B. less cement in theconcrete
C. properconcretemix D.None

4.The ratio between stress in st2el to that of stress in concrete in expressedas
A. Poisson’sratio B. Modularrzatio C. Densityratio D.None

5. Select the Non — destructive tast amongthefollowing
A. Compressiontest B. Flexuretest C. Renoundhammerstest D. All theabove

6. According to IS 456-2000, the modulus of elasticity of concrete Ec, can be taken
A. Ec=570vfck B. 5700fck C.5700vfck D.5000vfck

7. Compressive strength of M 150 grade concrete is
A.100 Kg/cm?  B.150 Kg/cm? C.200Kg/em?  D. 300Kg/cm?

8. The process of mixing, transporting, placing and compacting concrete using OPC

should not take more than
A. 30 min B.40 min C. 50 min D. 90 min
9. Strength of concrete with passage of tima

A. Increases E. Decreases C. Equal D. None

aNo |1 2 3 4 5 I's 7 '8 9 10
ANS C D A , C D B | A A A
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Fill in the Blanks question with answers
1. Modulus of rupture of concrete is a measure of=

2. Increase in the moisture content in concrete =

3. The factor of safety for concrete _than steel

4. Select the Non — destructive test=

5. Modulus of rupture of concrete is a measure of=

6. The formula for determining the cement content is given by=
7. Maturity of concrete is the product of=

8. As per IS: 456-2000, the high strength concrete should have thecharacteristic
Strengthof=

9. The ratio between stress in steel to that of stress in concrete in expressed as=

10. Concrete gains strength due to=

KEY

Q.NO ANSWER o]
| Tensile strength
2 Reducesthestrength
3 Greater
4 rebound hammer test
5 flexural strength
6 water/cement ratio

i 7 tfime x temperature

| 8 >M 40
9 modular ratio i
10 hydration of cement ,/ / t T




UNIT-V

MIX DESIGN & SPECIAL CONCRETE

T | " itt i
I. Define concrete mix design’
Mix design can be defined as the process of selecting suitable ingredients of concrete and
determining their relative proportions with the object of producing concrete of certain
minimum strength and durability as economically as possible. One of the ultimate aims of
studying the various properties of the materials of concrete, plastic concrete and hardened
concrete is to enable a concrete technologist to design a concrete mix for a particular
strength and durability.
2. What are the factors influencing the selection of materials?
A wide range of construction materials is available. The proper selection of materials to be
used in a particular construction project depends on the following factors

Strength

Availability

Durability

Workability

Ease of Transportation

Y ¥V ¥V V V¥

Cost
Aesthetics

v
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Resistance to Fire

Ease of Cleaning

v

w
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What are the Requirements of concrete mix design as per BIS?

The requirements which form the basis of selection and proportioning of mix ingredients
are

a) The minimum compressive strength required from structural consideration

b) The adequate workability necessary for ful! compaction with the compacting equipment
available.

¢) Maximum water-cement ratio anc/or maximum cement content to give adequate

durability for the particular site conditions

d) Maximum cement content to zvoid shrinkave cracking due to temperature cycle in mass

/
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7.

concrete.

4. What are the types of concrete mixes? Explain

1. Nominal Mixes: In the past the specifications for concrete prescribed the proportions of
cement, fine and coarse aggregates. These mixes of fixed cement-aggregate ratio which
ensures adequate strength are termed nominal mixes. These offer simplicity and under
normal circumstances, have a margin of strensth above that specified. However, due to the
variability of mix ingredients the nominal corcrete for a given workability varies widely in
strength.

2. Standard mixes: The nominal mixes of fixed cement-aggregate ratio (by volume) vary
widely in strength and may result in under- or over-rich mixes. For this reason, the
minimum compressive strength has been inclided in many specifications. These mixes are

termed standard mixes.

th

What are the Factors affecting the choice of mix proportions?

v

Compressive strength of concrete

v

Workabilitv of concrete

Durability of concrete

YV V¥V

Maximum nominal size of aggregate

» Grading and type of aggregate

» Quality Control at site

Define Aerated Concrete

Autoclaved aerated concrete (AAC), also known as autoclaved cellular concrete (ACC),
autoclaved lightweight concrete (ALC), autoclaved concrete, cellular concrete, porous
concrete, Aircrete, Hebel Block, and Yrong is a lightweight, precast, foam concrete
building material invented in the mid-1920s that simultaneously provides structure,
insulation, and fire- and mold-resistance. AAC products include blocks, wall panels, floor

and roof panels, cladding (facade) panels and lintel

What is the general use of Shotcrete?

Shotcrete is concrete (or sometimes mortar) conveyed through a hose and pneumatically

projected at high velocity onto a surface, as @ construction technique. It is reinforced by

conventional steel rods, steel mesh. and/or fibers. /




8. What is meant by No fine concrete?

No-Fines Concrete is a method of producing light concrete by omitting the fines from
conventional concrete. No-fines concrete as the term implies, is a kind of concrete from which
the fine aggregate fraction has been omitted. This concrete is made up of only coarse
aggregate, cement and water.

9. What do you mean by Fibre Reinforced Concrete?

Fiber reinforced concrete (FRC) is concrete containing fibrous material which increases its
structural integrity. It contains short discrete fibers that are uniformly distributed and randomly

oriented. Fibers include steel fibers, slass fibers, synthetic fibers and natural fibers.
Three marks question with answers

1. What is M20 Mix concrete?

If the ratio for M20 concretc is 1:1.5:3 tuen 1 part cement, 1.5 part sand and 3 part
aggregate (crushed stone) in volume is batched for mixing. Ordinary concrete up to M20

grade can be designed by nominal mix concrete procedure.
2. Define Standard mixes.

The nominal mixes of fixed cement-aggregate ratio (by volume) vary widely in strength
and may result in under- or over-rich mixes. For this reason, the minimum compressive
strength has been included in many specifications. These mixes are termed standard

mixes.

3. What are designed iixes?

In these mixes the performance of the concreie is specified by the designer but the mix
proportions are determined by the producer of concrete, except that the minimum cement
content can be laid down. This is most rational approach to the selection of mix proportions
with specific materials in mind possessing more or less unique characteristics. The approach
results in the production of concrete with the appropriate properties most economically.

However, the designed mix does not serve as a guide since this does not guarantee the correct

/
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mix proportions for the prescribed performance.

4. What is an acceptance criterion of concrete?




It is often observed that construction engineer neglects acceptance criteria of the
concrete from flexural strength point of view under the argument that flexural strength of the
concrete is of no/least importance as in the sength design the tensile strength of the concrete

is neglected.

S. What is self-compacting concrete?
Self-consolidating concrete, also known as self-compacting concrete (SCC), is a highly
flowable, non-segregating concrete that sprezds intc place, fills formwork, and encapsulates

even the most congested reinforcement, all without any mechanical vibration.

6. What is the Aspect ratio of the fiber?

> A fiber's aspect ratio is defined as its length divided by its diameter.

» Long, thin fibers (fiber B) ofien provide superior properties, but are also often more
expensive to produce and may be more difficult to disperse uniformly in the composite.

> Small aspect ratio fibers(fiber A) typically provide better compressive properties but

these composites are typically less resistant to darage propogation.

7. What is SIFCON?

Slurry infiltrated fibre concrete (SIFCON) is one of the recently developed construction
material. SIFCON could be considered as a specizl type of fibre concrete with high fibre

content. The matrix consists of cement slurry or flowing cement mortar.

8. What are the types of polymer concrete?

» Polymer impregnated concreie (PIC).
» Polymer cement concrete (PCC).

» Polymer concrete (PC).

9. What is meant by high performance of concrete?

High performance concrete is a concrete mixture. which possess high durability and high
strength when compared to conventional concrete. This concrete contains one or more of
cementious materials such as fly ash, Silica fume or ground granulated blast furnace slag and

usually a super plasticizer. / /
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Five marks question with answers

1. Describe ACI method of mix design in detail.
ACI method of concrete mix design is based on the estimated weight of the concrete per
unit volume. This method takes into consideration the requirements for consistency,

workability, strength and durability.

Following are the steps of ACI Method of Concrete Mix Design:

(a) Depending on the degree of workability and placing condition determine the slump

value.

(b) Depending on the economical availability and dimensions of the structure determine

the maximum size of aggregata.

(c) For the given slump and maximum size of coarse aggregate determine the amount of

mixing water

(d) Determine the minimum water-cement ratio either from strength considerations or

from durability considerations.

(e) Determine the amount of cement per unit volume of concrete from steps (c) and (d).
This cement content should not be less than the cement content required based on

durability criteria.

(f) Determine the amount of coarse aggrezate required for a unit volume of concrete.
This value is multiplied by the dry rodded unit weight of the aggregate to get the
required dry weight.

(g) Determine the amount of fine aggregate. If the weight of concrete per unit volume is
assumed, the required weight of fine aggregate is obtained by the difference between the

weight of fresh concrete and the total weight of all other ingredients.

2. Describe Indian standard method of mix design in detail
i. Determine the mean target strength ft from the specified characteristic compressive

strength at 28-day fck and the level of quality control.

fi=fa+1.658S
where S is the standard deviation obtained rorm the Table of approximate contents fiw/:n




after the design mix.

2. Obtain the water cement ratio for the desired mean target using the empirical
relationship between compressive strength and water cement ratio so chosen is checked
against the limiting water cemenr ratio. 'l he water cement ratio so chosen is checked
against the limiting water cement ratio for the requirements of durability given in table

and adopts the lower of the two values.

3. Estimate the amount of entrapped air for maximum nominal size of the aggregate

from the table.

4. Select the water content, for the required workability and maximum size of aggregates

(for aggregates in saturated surface dry condition) from table.

5. Determine the percentage of fine aggregate in total aggregate by absolute volume

from table for the concrete using crushed coarse aggregate.

6. Adjust the values of water content and percentage of sand as provided in the table for
any difference in workability, water cement ratio, grading of fine aggregate and for

rounded aggregate the values are given in table.

7. Calculate the cement content form the water-cement ratio and the final water content
as arrived after adjustment. Check the cement against the minimum cement content from

the requirements of the durability, and greater of the two values is adopted.

8. From the quantities of water and cement per unit volume of concrete and the
percentage of sand already determined in steps 6 and 7 above, calculate the content of

coarse and fine aggregates per unit volume of concrete from the following relations:

e [ il 6 M) &
L [w +?§€+ p'si,]xmoo
' . A 'c,'] 1
v-[w+5€+1—psu 1000

9. Determine the concrete mix proportions for the first trial mix.

10. Prepare the concrete using the caiculated proportions and cast three cubes of 150
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i 1. Prepare trial mixes with suitable adjustments till the final mix proportions are arrived

at.

3. Explain in detail about the statistical quality control and acceptance criteria of

concretie,

Concrete cube strength is a random variable and the test results are influenced by many
different factors related to variations in the materials, batching, sampling, concrete testing,

equipment and personnel.

Being a random variable, the resul:s of a concrete cube test taken from a particular grade of
concrete will, for practical purposes, take the form of a normal distribution when plotted
graphically. This type of distribution is someiimes called a “beli” curve because of its
shape. Like many aspects of concrete technology this is not strictly true — low strength and
very high strength concrete test results give skewed distribution curves to the left and right

respectively, but for practical purposes a symmetrical distribution is assumed.

The normal distribution curve is churacterised by two values: the mean or average value, and
the standard deviation which quantifies the spread of the curve either side of the mean value.
The requirement that the average strength excezds the specified (characteristic) strength by
1.64 times the standard deviation implies that slizhtly fewer than 5% of results will fall below
the specified strength.

The only factor under the concrete suppliers control is the standard deviation, the specified
strength and the *1.64” being fixed.

The value 1.64 x SD is called the margin. The higher the SD, the higher the margin and the
higher the average binder content of the concrete. [n othzr words, the higher the SD, the more

expensive the concrete in terms of binder cost.

For example, improving control from poor (SD = 7 MPa) to good (SD = 5 MPa) reduces the
margin by 1.64 *(7-5) MPa = 3.4 MPa. A reduction in average strength by 3.4 MPa is

equivalent to saving 20 kg of bind:rper cubic m~tre of concrete.

At current prices this is a saving of roughly 2% / m?. Of course one has to balance this

against the cost of the additional quality control necessary to reduce the SD and there is an




optimum point where it becomes uncconomical to reduce the SD any further. For sophisticated

concrete suppliers this point would bz an SD somewhere in the region of 2.5 to 3 MPa.
4.Define Nominal Mixes and Stancard mixes. What are designed Mixes?
Nominal Mixes:

In the past the specifications for concrete prescribed the proportions of cement, fine and coarse
aggregates. These mixes of fixed cement-aggregate ratio which ensures adequate strength are
termed nominal mixes. These offer simplicity anc urder normal circumstances, have a margin
of strength above that specified. However, due to the variability of mix ingredients the nominal

concrete for a given workability varizs widely in strength.
Standard mixes:

The nominal mixes of fixed cement-aggregate ratio (by volume) vary widely in strength and
may result in under- or over-rich mixes. For this reason, the minimum compressive strength

has been included in many specifications. These mixes are termed standard mixes.

Design mixes:
In these mixes the performance of the concreiz is specified by the designer but the mix

proportions are determined by the producer of concrete, except that the minimum cement
content can be laid down. This is most rational approach to the selection of mix proportions
with specific materials in mind possessing more or less unique characteristics. The approach
results in the production of concrete with the appropriate properties most economically.
However, the designed mix does not serve as a guide since this does not guarantee the correct

mix proportions for the prescribed performance.

5. Explain detail the factors in the choice of mix design

Concrete mix design:

It is defined as the appropriate selection and proportioning of constituents to produce a
concrete with pre-defined characteristics in the fresh and hardened states. In general, concrete

mixes are designed in order to achieve a defined workability, strength and durability.

The various factors affecting the choice of concrete mix design are: \ \\
\J




Compressive strength of concrete:

It is one of the most important properties of concrete and influences many other describable
properties of the hardened concrete. The mean compressive strength required at a specific age,
usually 28 days, determines the nominal water-cement ratio of the mix. The other factor
affecting the strength of concrete at a given age and cured at a prescribed temperature is the
degree of compaction. According to Abraham’s law the strength of fully compacted concrete is

inversely proportional to the water-ccment ratio.

Workability of concrete:

The degree of workability required depends on tiree factors. These are the size of the section
to be concreted, the amount of reinforcement, and the method of compaction to be used. For
the narrow and complicated section with nurnerous corners or inaccessible parts, the concrete
must have a high workability so that full compaction can be achieved with a reasonable amount
of effort. This also applies to the embedded steel sections. The desired workability depends on

the compacting equipment available at the site.
Durability of concrete:

The durability of concrete is its resistance to the aggressive environmental conditions. High
strength concrete is generally more durable than low strength concrete. In the situations
when the high strength is not necessary but the conditions of exposure are such that high

durability is vital, the durability requirement will determine the water-cement ratio to be used.

Maximum nomiinal size of aggregate

In general, larger the maximum size of aggregute. smaller is the cement requirement for a
particular water-cement ratio, because the workability of concrete increases with increase in
maximum size of the aggregate. However, the compressive strength tends to increase with the
decrease in size of aggregate. IS 456:2000 and IS 1343:1980 recommend that the nominal size
of the aggregate should be as large s possible.

Grading and type of aggregate

The grading of aggregate influences the mix proportions for a specified workability and water-

cement ratio. Coarser the grading leaner will be mix which can be used. Very lean mix is not

N
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desirable since it does not contain enough finer material to make the concrete cohesive. The
type of aggregate influences strongly the aggregate-cement ratio for the desired workability
and stipulated water cement ratio. An important fzature of a satisfactory aggregate is the

uniformity of the grading which can be achieved by mixing different size fractions.

Qualitv Control at site:

The degree of control can be estimated statistically by the variations in test results. The
variation in strength results from the variations in the properties of the mix ingredients and
lack of control of accuracy in batching, mixing, placing, curing and testing. The lower the
difference between the mean and minimum stiengths of the mix lower will be the cement-
content required. The factor controlling this dificrence is termed as quality control

5. Write a brief note on self-compacting concrete?

SCC is defined as “a concrete that is able to flow under its own weight and completely fill the
formwork, while maintaining homogeneity even in the presence of congested reinforcement,
and then consolidate without the necd for vibrating compaction™
The noise associated with the compaction of conventional concrete can be significant. SCC
affords quiet casting, and the environmental loadings from noise are therefore reduced. It also
eliminates the issue of blood circulatory problems caused by the vibration of concrete.
SCC affords the designer greater flexibility in designing complex shapes. It is independent of
the quality of mechanical vibration and therefor= provides homogeneity leading to improved
durability and potential for reuse.
Self compacting concrete (SCC) can be classified as an advanced construction material. The
SCC as the name suggests, does not require to be vibrated to achieve full compaction. This
offers following benefits and advaniages over conventional concrete.

» Improved quality of concrete and reduction of onsite repairs.

» Faster construction times.

» Lower overall costs.

« Facilitation of introduction o automation intc concrete construction.

» Improvement of health and <ofety is also achieved through elimination of handling of

vibrators.

» Substantial reduction of environmental noise loading on and around a site.

6. Explain the properties of polymer Impregnated Concrete. ‘ N \’ :
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Polymer impregnated concrete consists of polymers or epoxies which are used to impart certain

special properties to concrete. Varicus applicatiors of polymers in concrete and their properties

is discussed. The polymers are used in the concrei= due o the following reasons:

Polymers improve the strength and durability of hardened concrete

The chemical resistance and the impermeability of hardened concrete is increased
The flow properties of fresh concrete can be modified based on the required
specifications

I'he bond characteristics between old and new concrete can be improved

Some of the polymers that are used popularly are:

1.

o

2
3
4.
5

Urethanes: Urethanes are produced by the reaction of isocyanates with the polyols
Acrylics: These are esters of acrylic and methacrylic acids

Vinyl

Epoxies: These are type of synthetic fibers

SBR or Styrene Butadiene Resins: These are synthetic rubbers in the solution

Applications of Different Fclymers in Concrete

The different ways in which the polymer is introduced into the concrete (hardened concrete)

will vary widely based on the commercial obiective. The polymers can be employed in

concrete in different ways. They are:

7.

Polymer Impregnated Concr:te (PIC)
Polymer-Modified Concrete (PMC)
Polymer Concrete (PC)

Polymer as Protective Coating
Polymer as Bonding Agent

Other Applications

Explain briefly about the ty pes of fiber reinforced concrete

Different Types of Fiber Reinforced Concrete

Following are the different type of fibers generally usad in the construction industries.




» Steel Fiber Reinforced Concrate

» Polypropylene Fiber Reinforced (PFR) cement mortar & concrete
¢ GFRC Glass Fiber Reinforced Concrete

= Asbestos Fibers

s Carbon Fibers

e Organic Fibers

Steel Fiber Reinforced Concrete:

A no of steel fiber types are available as reinforcement. Round steel fiber the commonly used
type are produced by cutting round wire in to short length. The typical diameter lies in the
range of 0.25 to 0.75mm. Steel fibers having 2 rectangular c/s are produced by silting the
sheets about 0.25mm thick. Fiber made from mild stesl drawn wire. Conforming to 1S:280-
1976 with the diameter of wire varying from 0.3 10 0.5mm have been practically used in India.
Round steel fibers are produced by cutting or chopping the wire, flat sheet fibers having a
typical c¢/s ranging from 0.15 to 0.41lmm in thickness and 0.25 to 0.90mm in width are
produced by silting flat sheets. Deformed fiber, which are loosely bounded with water-soluble
glue in the form of a bundle are also avzilable. Since individual fibers tend to cluster together,
their uniform distribution in the marrix is often difficult. This may be avoided by adding fibers

bundles, which separate during the mixing proces-.
Polypropylene Fiber Reinforced (PFR) concrete:

Polypropylene is one of the cheapest & abundantly available polymers polypropylene fibers
are resistant to most chemical & it would be cementitious matrix which would deteriorate first
under aggressive chemical attack. Its melting point is high (about 165 degrees centigrade). So
that a working temp. As (100 degree centigrade) may be sustained for short periods without

detriment to fiber properties.

Polypropylene fibers being hydropiobic can be easily mixed as they do not need lengthy

contact during mixing and only need to be evenly disiressed in the mix.




Polypropylene short fibers in small volume fractions between 0.5 to 15 commercially used in

concrete.

8. Giass Fiber Reinforced Concrete:

Glass fiber is made up from 200-400 individual filaments which are lightly bonded to make up
a stand. These stands can be chopped into various lengths, or combined to make cloth mat or
tape. Using the conventional mixing techniques for normal concrete it is not possible to mix

more than about 2% (by volume) of fibers of a length of 25mm.

The major appliance of glass fiber has been in reinforcing the cement or mortar matrices used
in the production of thin-sheet products. The commonly used verities of glass fibers are e-glass
used. In the reinforced of plastics & AR glass E-glass has inadequate resistance to alkalis
present in Portland cement where AR-glass has mproved alkali resistant characteristics.
Sometimes polymers are also added in the mixes to improve some physical properties such as

moisture movement.
Asbestos Fibers:

The naturally available inexpensive mineral fiber, asbestos, has been successfully combined
with Portland cement paste to form a widely used product called asbestos cement. Asbestos
fibers here thermal mechanical & chemical resistance making them suitable for sheet product
pipes, tiles and corrugated roofing clements. Asbestos cement board is approximately two or
four times that of unreinforced mairix. However, due to relatively short length (10mm) the

fiber have low impact strength.
Carbon Fibers:

Carbon fibers from the most recent & probability the most spectacular addition to the range of
fiber available for commercial use Carbon fiber comes under the very high modulus of
elasticity and flexural strength. These are expansive. Their strength & stiffness characteristics
have been found to be superior even to those of sieel. But they are more vulnerable to damage

than even glass fiber, and hence are generally treated with resign coating.




Organic Fibers:

Organic fiber such as polypropylens or natural fiber may be chemically more inert than either
steel or glass fibers. They are also cheaper, especially if natural. A large volume of vegetable
fiber may be used to obtain a multiple cracking composite. The problem of mixing and uniform

dispersion may be solved by adding a super plasticize.

9. Explain about polymer — modified concrete

Polymer concretes are a type of concrete that usc polymers to replace lime-type cements as a
binder. In some cases the polymer is used in addition to portland cement to form Polymer
Cement Concrete (PCC) or Polymer Modifiad Concrete (PMC)

Properties

The exact properties depend on the mixture. polymer, aggregate used etc. etc. but generally

speaking with mixtures used:

¢ The binder is more expensive than cement

« Significantly greater tensile strength than unreinforced Portland concrete (since plastic
is 'stickier’ than cement and has reasonable tersile strength)!"]

« Similar or greater compressive strength to Portland concrete!!!

» Much faster curing

* Good adhesion to most surfaces, including to reinforcements

+ Good long-term durability with respect to freeze and thaw cycles!']

» Low permeability to water and aggressive solutions

» Good chemical resistance

» Good resistance against corrosior

» Lighter weight (slightly less dense than treditional concrete, depending on the resin
content of the mix)

« May be vibrated to fill voids in forms

» Allows use of regular form-release agents (in some applications)

« Dielectric




* Product hard to manipulate with conventional tools such as drills and presses due to its
density. Recommend getiing pre-modified product from the manufacturer
* Small boxes are more costly when comparad to its precast counterpart however pre cast

concretes induction of stacking or steel covers quickly bridge the gap.

10. How can high-strength concrete be classified? Explain.

High strength concrete is defined purely on the basis of its compressive strength, defined the
high-performance concrete (HPC) as concrete mixtures possessing high workability, high
durability and high ultimate strength.

High strength of concrete is achieved by reducing porosity, in-homogeneity, and micro-cracks
in the hydrated cement paste and the transition zone. Consequently, there is a reduction of the
thickness of the interfacial transition zone in high-sirength concrete. The densification of the
interfacial transition zone allows for efficient load transfer between the cement mortar and the
coarse aggregate. contributing to the strength of he concrete. For very high-strength concrete
where the matrix is extremely densc. a weak aggregate may become the weak link in concrete
strength.

Materials for High-Strength Concrete:
Cement

Cement composition and fineness play an important role in achieving high strength of
concrete. It is also required that the cement is compatible with chemical admixtures to obtain
the high-strength. Experience has shown that low-C3A cements generally produce concrete
with improved rheology.

Aggregate

Selection of right aggregates plays an important role for the design of high-strength concrete
mix. The low-water to cement ratio used in high-strength concrete makes the concrete denser
and the aggregate may become the weak link in the development of the mechanical strength.
Extreme care is necessary, therefore, in the selection of aggregate to be used in very high-

strength concrete.
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The particie size distribution of the fine aggregates plays an important role in the high strength

concrete. The particle size distribution of fine aggregate that meets the ASTM specifications is

adequate for high-strength concrete mixtures.

Guidelines for the selection of marerials:

For the higher target compressive strength of concrete. the maximum size of concrete
selected should be small, so that the concrete can become more dense and compact and
less void ratio.

Up to 70 MPa compressive sirength can be produced with a good coarse aggregate of a
maximum size ranging from 20 to 28 mm.

To produce 100 MPa compressive strength aggregate with a maximum size of 10 to 20
mm should be used.

To date, concretes with compressive srrengths of over 125 MPa have been produced,
with 10 to 14 mm maximum size coarsc aggregare.

Using supplementary cementitious materials. such as blast-furnace slag, fly ash and
natural pozzolans, not only reduces the production cost of concrete, but also addresses
the slump loss problem.

lhe optimum substitution icvel is ofien dewermined by the loss in 12- or 24-hour
strength that is considered acceptable, given climatic conditions or the minimum
strength required.

While silica fume is usually not really necessary for compressive strengths under 70

MPa, most concrete mixtures contain it when higher strengths are specified.

11. Explain the polymer concrete and its advantages and types?

> Polymer concrete is an ordinary concrete produced with OPC ( Ordinary portland cement)

wet cured and inseminated with liquid or vaporous chemical compound (Methyl

methacrylate monomer) and polymerized by gamma radiation or with chemical initiated

implies, i.e by utilizing thermal catalytic method (Adding 3% Benzoyl peroxide) to the

monomer as a catalyst. The impregnation is helped by drying the concrete at an extreme

temperature by evacuations and absorbing the monomer under limited pressure.




Application of Polymer Concrete:

Polymer concrete is broadly utilizing in several circumstances as following

1. Nuclear power plants. 2. Kerb-stones.

3. Prefabricated structural element. 4. Precast slabs for bridge decks.
5. Roads. 6. Marine Works.

7. Pre-stressed concrete. &. Irrigation works.

9. Sewage works. 10. Waterproofing of building.

Advantages of polymer concrete:

L. It has high impact resistance and high compressive strength.
2. Polymer concrete is highly resistant to freezing and thawing.
3. Highly resistant to chemical attack and abrasion.

4. Permeability is lower than other conventional concrete.

Objective question with answers

1. The compaction of concrete, improves

A. Density B.Strength  C. Durability D. all theabove.
2. Segregation is responsible for

A. honey-combed concreie 3. porous layers in concrete

C. surface scaling in concrete 1). sand streaks in concrete

3. Addition of pozzolanatocement

A. decreasesworkability 3. increasesstrength

C. increases heatofhydration D. Increaseworkability




4. PermissiblecompressivesirengthofM150concretegradeis [
A. 100kg/cm? B.150kg/cm?
C.200kg/cm? D. 250kg/cm2

5. Pozzolana cement is used with confidence forconstructionof [
A. Dams B.massivefoundations C. Abutments D. All the above

6. Efflorescence in cement is caused due to an excessof [
A. Alumina B. iron oxide C.MacnesiumOxide D.alkalis

7. ThediameteroftheVicatplungeris1 0mmunditslengthvariesfrom [

A. 20 mm to30mm B. 30 mm todCmm C.40mmto50mm D. 50 mm to

60mm

8. The ratio of various ingredients (cement, sand, aggregates) in concrete of grade M

20, is
A.1:2:4 B. 1:3: 6 C. A&B D. None of theAbove

9. Tri-calciumaluminate [
A.reacts fastwithwater B. generates less heat ofhydration

C. causes initial setting and early strength ofcement
D. does not contribute to develop ultimatestrength
10. Hightemperature

A. increases the strengthofconcrete  B. decreases the strength ofconcrete

C. has no affecton the strengthofconcreie D. none ofthese.
KLY
Q.NO |1 2 3 4 5 6 |7 8 9 10
ANS | D A A C D C C D C C

Fill In the Blanks question with answers

1. Increase in the moisture contentinconcrate=

2. Modulus of rupture of concrete is a measursof= / (k \




KEY

3. The relation between modulus of rupture for and characteristic strength ofconcrete
fck is givenby =

4. Modulusofelasticityofstee asperl$:456-—2000shallbetaken as =

5. The factor of safety for concrete _than stee!

6. The characteristic strength of M50 concreteis=

7. Maturity of concrete is the productof =

8. The cylindrical strength of concrete istimes the strength ofthecube
9. The ratio of various ingredients in concrete of grade M 25=

10. The ratio of various ingredients in concrete of grade M 10 =

Q.NO ANSWERS
Decreases strength
Flexural strength
0.7vfck

2 X10 °N/em?
LESS

50N/mm2

Time x_Temp
1.25times

1:1:4

1:3:6

O OO | O | | W] B —

p—
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14. COURSE ATTAINMENT

VAAGESWARI COLLEGE OF ENGINERING

Department: ] ~ CIVILENGINEERING
Course Qutcome Attainment - Internal Assessments

Name of the Faculty: - Academic Year: 2020-21

Branch & Section: CIVIL A&B Exam: Mid-1

Course: CT Semister: |

Question No. - z
SLNo Roll Number Objective Assignment
1 2 3 4

Maximum Marks 5 T _—_5—_“— 5 5 10 5
1 17WJ1A0167 2 8 5
2 18541A0101 2 7 5
3 18541A0103 5 a 6 5
4 18541A0104 4.5 25 8 5
5 18541A0105 5 3 6 5
6 18541A0106 45 15 7 5
7 18S41A0107 4 8 5
8 18541A0108 3 2 8 5
9 18541A0109 4 4 8 5
10 18541A0110 5 4 8 5
11 18541A0111 5 5 8 5
12 18541A0113 s | 4 6 5
13 18541A0114 3 7 5
14 18541A0115 4.5 15 7 )
15 18541A0116 5 5 7 5
16 . 18541A0117 3 5 8 5
17 18541A0118 3 8 5
18 18541A0120 AB AB AB AB AB 5
19 18541A0121 5 1 7 5
20 18541A0122 a5 || 5 6.5 5
21 18541A0123 5 i 4 7 5
22 18541A0124 5 5 8 5
23 18541A0125 1 8 5
24 18541A0126 3 7 5
25 18541A0127 3 2 7 5
26 18541A0129 5 B 7 5
27 18541A0132 5 5 4 5
28 18541A0133 35 15 7 5
29 18541A0135 5 3 7 5
30 18541A0136 4.5 1.5 T 5
31 18541A0137 4.5 2.5 7 5




£ 18541A0138 3 4 7 5
33 18541A0140 2 5 7 5
34 18541A0141 4 5 7 5
35 19545A0101 3 4 8 )
36 19545A0102 4 5 8 5
37 19545A0103 5 5 8 5
38 19545A0104 5 3 i 5
39 19545A0105 4 2 7 5
40 19545A0106 AB AB AB AB AB 5
4 19545A0107 25 35 7 5
42 19545A0108 4 3 7 5
43 19545A0109 5 3 8 3
44 19545A0110 5 8 5
45 19545A0111 4.5 45 7 5
46 19545A0112 AB AB AB AB AB 5
47 19545A0113 2.5 2.5 8 5
48 19545A0114 5 3 8 5
49 19545A0115 5 2 7 5
50 19545A0116 4 2 7 5
51 19545A0117 5 5 8 5
52 19545A0118 3 2.5 7.5 5
53 19545A0119 AB AB AB AB AB 5
54 19545A0120 2.5 35 7 5
55 19545A0121 2 6 5
56 19545A0122 3 3 7 5
57 19545A0123 AB AB AB AB AB 5
58 19545A0124 3.5 255 6 5
59 19545A0125 3 3 7 5
60 16541A0112 AB AB AB AB AB 5
61 16541A0182 AB AB AB AB AB 5
62 17S41A0116 AB AB AB AB AB 5
63 17541A0117 1 2 5 5
64 17541A0123 1 7 5
65 17541A0125 2 I 6 5
66 17541A0136 2 6 5
67 17541A0163 2 I 6 5
68 17541A0166 1 I 6 5
69 18545A0109 2 3 7 5
70 18545A0116 AB AB AB AB AB 5
71 18541A0145 1 4 5
72 18541A0147 2 6 5
73 18541A0148 2.5 1.5 6 5
74 18541A0150 AB AB AB AB AB 5




75 18541A0151 4 3 5 5
76 18541A0153 | | 7 5
77 18541A0154 5 4 7 5
78 18541A0155 4 4 6 >
79 18541A0157 | 7 5
80 18541A0158 5 5 5
81 18541A0159 4 4 6 5
82 18541A0160 5 4 8 5
83 18541A0161 3 3 8 5
84 18541A0162 5 3 7 5
85 18541A0166 5 5 7 5
86 18541A0170 2.5 2.5 7 5
87 18541A0171 5 3 7 5
88 19545A0126 1 1 7 5
89 19545A0127 a 3 7 5
90 19545A0128 3 2 7 5
91 19545A0129 2 ) 7 5
92 19545A0130 1 3 7 5
93 19545A0131 3 1 7 5
94 19545A0132 a4 7 5
95 19545A0133 3 2 9 5
96 19545A0134 a4 3 8 5
97 19545A0135 a 3 8 5
98 19S45A0136 45 3.5 7 5
99 19545A0137 25 6.5 5
100 19545A0138 4 7 5
101 19545A0139 2.5 35 7 5
102 19545A0140 5 5 9 5
103 19545A0141 3 4 7 5
104 19545A0142 3 8 5
105 19545A0143 3 o 3 7 5
106 19545A0144 1 2 6 5
107 19545A0145 2 2 7 5
108 19545A0146 3 3 7 5
109 19545A0147 3 3 7 5
110 19545A0148 AB AB AB AB AB 5
11 19545A0149 5 5 9 5
112 19545A0150 2 2 7 5
113 19545A0151 5 4 7 5
114 19545A0152 3 3 7 5
115 19545A0153 AB AB AB AB AB 5
116 19545A0154 5 5 7 5
17 19545A0155 3 2 8 5




118 19545A0156 5 3 7 5
119 19545A0157 AB AB AB AB AB 5
120 19S45A0158 2 3 8 5
121 19545A0159 3 2 6 5
No. of students attempted 86 79 45 43 121 121
Max Marks Question wise 5 5 5 5 10 5
Threshold 55% 2.75 2.75 2.75 2.75 5.5 2.75
No. of Students above 59 50 12 17 104 121
thresold
% of Students>Target Score 68.61 63.3 26.67 39.54 85.96 100
Attainment Level 3 3 1 1 3 3
Attainment Level 1: 40% students score more than threshold
Attainment Level 2 50% students score more than threshold
Attainment Level = 60% students score more than threshold
Course Outcome Mapping with each Question
Question No
CO's Objective Assignment
1 2 3 4
Course outcome - 1 y y h'd
Course outcome - 2 ¥ y y y
Course outcome - 3 y y y
Course outcome - 4 y y
Course outcome - 5 y Y

Course Outcome Attainment based on Exam Questions in terms of percentage of total students when mapped to each

question

Question No

CO's Objective Assignment
1 2 3 4
Course outcome - | 3 3 3
Course outcome - 2 3 1 3 3
Course outcome - 3 ! 3 3
Course outcome - 4 3 3
Course outcome - 5 3 3




Course Outcome Attainment based on Exam Questions in terms of percentage of total students when mapped to each

question
co's Subjective | Objective | Assignment A“:L"v';e“'
Course outcome - | 3 3 3 3.00
Course outcome - 2 2 3 3 2.67
Course outcome - 3 1 3 3 233
Course outcome - 4 3 3 3.00
Course outcome - 5 3 3 3.00
VAAGESWARI COLLEGE OF ENGINERING
Department: . CIVILENGINEERING
Course Outcome Attainment - Internal Assessments
Name of the Faculty: Academic Year: 2020-21
Branch & Section: CIVIL A&B Exam: Mid-2
Course: CT Semister: [
Question No. L )
SL.No Roll Number Objective Assignment
1 2 3 4
Maximum Marks 5 5 i 5 5 10 5
1 18541A0101 4 6 5
2 18541A0103 5 3 8 5
3 18541A0104 5 1 8 5
4 18541A0105 | 2 8 5
5 18541A0106 5 7 5
6 18541A0107 5 3 8 5
7 18541A0108 4 3 7 4 5
8 18541A0109 5 3 8 5
9 18541A0110 5 4 7 5
10 18541A0111 5 5 9 3
11 18541A0113 1 2 8 5
12 18541A0114 0 8 5
13 18541A0115 2 1 8 S
14 18541A0116 5 4 9 5
15 18541A0117 5 4 9 5
16 18541A0118 5 3! 7 5
17 18541A0120 AB AB AB AB AB 5
18 18541A0121 7 5
19 18541A0122 5 B 9 5
20 18541A0123 5 8 5
21 18541A0124 5 3 9 5
22 18541A0125 1 9 5
23 18541A0126 5 8 5
24 18541A0127 2 3 7 5




25 18541A0129 2 3 9 5
26 18541A0132 3 8 5
27 18541A0133 1 8 5
28 18541A0135 5 3 7 5
29 18541A0136 4 7 5
30 18541A0137 5 5 6 5
31 18541A0138 5 8 5
32 18541A0140 5 8 5
33 18541A0141 5 3 5 5
34 19545A0101 5 7 5
35 19545A0102 5 a4 9 5
36 19545A0103 5 4 9 5
37 19545A0104 1 3 9 5
38 19545A0105 5 4 8 5
39 19545A0106 3 7 5
40 19545A0107 5 3 8 5
41 19545A0108 5 3 8 5
42 19545A0109 5 4 9 5
43 19545A0110 5 a4 8 5
44 19545A0111 4 4 7 5
45 19545A0112 AB AB AB AB AB 5
46 19545A0113 3 2 8 5
47 19545A0114 5 9 5
48 19545A0115 5 4 9 5
49 19545A0116 3 2 8 5
50 19545A0117 5 4 9 5
51 19545A0118 AB AB AB AB AB 5
52 19545A0119 1 1 7 5
53 19545A0120 5 4 9 5
54 19545A0121 5 4 9 5
55 19545A0122 5 4 8 5
56 19545A0123 5 8 5
57 19545A0124 5 8 5
58 19545A0125 5 3 8 5
59 17541A0116 AB AB AB AB AB 5
60 17541A0123 2 8 5
61 17541A0136 1 1 8 ]
62 17541A0163 2 1 8 5
63 18541A0145 5 o - 7 5
64 18541A0147 ] 2 7 5
65 18541A0148 4 2 7 5
66 18541A0150 5 4 6 5
67 18541A0151 5 1 7 5




68 18541A0153 2 8 5
69 18541A0154 5 8 5
70 18541A0155 5 4 9 5
71 18541A0157 4 8 5
72 18541A0158 5 4 8 5
73 18541A0159 3 4 9 5
74 18541A0160 5 2 8 5
75 18541A0161 5 3 9 5
76 18541A0162 5 3 7 5
77 18541A0166 5 3 7 5
78 18541A0170 5 7 5
79 18541A0171 5 3 9 5
80 19545A0126 5 - 3 8 5
81 19545A0127 2 1 7 5
82 19545A0128 5 8 5
83 19545A0129 3 8 5
84 19545A0130 5 9 5
85 19545A0131 5 8 5
86 19545A0132 3 1 7 5
87 19545A0133 1 3 9 5
88 19545A0134 4 9 5
89 19545A0135 5 8 -
90 19545A0136 5 8 5
91 19545A0137 5 3 8 5
92 19545A0138 5 3 8 5
93 19545A0139 3 3 8 5
94 19545A0140 2 a 8 5
95 19545A0141 1 3 8 5
9 19545A0142 2 3 8 5
97 19545A0143 5 2 9 -
98 19545A0144 1 2 7 5
99 19545A0145 1 2 8 5
100 19545A0146 5 3 8 5
101 19545A0147 4 3 8 5
102 19545A0148 4 1 7 5
103 19545A0149 5 3 9 5
104 19545A0150 1 1 8 5
105 19545A0151 5 8 5
106 19545A0152 5 8 5
107 19545A0153 2 3 7 5
108 19545A0154 5 4 7 5
109 19545A0155 4 2 8 5
110 19545A0156 5 3 9 5




111 19S45A0157 3 3 9 5
112 19545A0158 4 1 9 5
113 19545A0159 1 2 9 5
114 20548A0101 5 1 8 5
115 16541A0112 AB AB . AB AB AB 5
116 16541A0182 1 1 8 5
117 17541A0117 8 5
118 17541A0125 2 8 5
119 17541A0166 1 8 5
120 18545A0109 3 3 8 5
121 18545A0116 5 3 7 5
No. of students attempted 108 30 15 74 121 121
Max Marks Question wise 5 5 5 5 10 5
Threshold 55% 2.75 2.75 2.75 2.75 5.5 2.75
::11‘;;3““”“ doove 78 11 6 53 115 121
% of Students>Target Score 72.23 36.67 40 71.63 95.05 100
Attainment Level 3 1 1 3 3 3
Attainment Level 1: 40% students score more than threshold
Attainment Level 2: 50% students score more than threshold
Attainment Level 3: 60% students score more than threshold

Course Outcome Mapping with each Question

Question No

CO's " 2 3 p Objective Assignment
Course outcome - | y y y
Course outcome - 2 y y y b
Course outcome - 3 ¥ Y y
Course outcome - 4 y b
Course outcome - 3 Y ¥

Course Outcome Attainment based on Exam Questions in terms of percentage of total students when mapped to
each question

CO's

Question No

3

Objective

Assignment

Course outcome - |

Course outcome - 2




Course outcome - 3 3 3 3
Course outcome - 4 3 3
Course outcome - 5 3 3

Course Outcome Attainment based on Exam Questions in terms of percentage of total students when mapped to
each question

CO's Subjective | Objective | Assignment Att[at ':::'Iem
Course outcome - | 3 3 3 3.00
Course outcome - 2 | 3 3 233
Course outcome - 3 3 3 3 3.00
Course outcome - 4 3 3 3.00
Course outcome - 5 3 3 3.00
VAAGESWARI COLLEGE OF ENGINERING
Department: CIVIL ENGINEERING
Course OQutcome Attainment External Examination
Name of the Academic
Faculty: Year:
Branch & Section: CIVIL A&B Exam:
Course: CT Semister:
S.NO. HALLTICKET NO TOTAL(Max. Score:75)
1 17WIJ1A0167
2 16541A0112 -1
3 16541A0182 6
a 17541A0116 B
5 17541A0117 9
6 17541A0123 11
7 17541A0125 3
8 17541A0136 26
9 17541A0163 26
10 17541A0166 0
11 18541A0101 16
12 18541A0103 32
13 18541A0104 26
14 18541A0105 26
15 18541A0106 4
16 18541A0107 11
17 18541A0108 4
18 18541A0109 40
B 19 18541A0110 28




20 18541A0111 26
21 18541A0113 17
22 18541A0114 9

23 18541A0115 30
24 18541A0116 29
25 18541A0117 31
26 18541A0118 28
27 18541A0120

28 18541A0121 11
29 18541A0122 38
30 18541A0123 26
31 18541A0124 28
32 18541A0125 15
33 18541A0126 26
34 18541A0127 28
35 18541A0129 33
36 18541A0132 26
37 18541A0133 14
38 18541A0135 26
39 18541A0136 14
40 18541A0137 27
41 18541A0138 8

42 18541A0140 8

43 18541A0141 34
44 18541A0145 3

45 18541A0147 13
46 18541A0148 13
47 18541A0150 27
48 18541A0151 28
49 18541A0153 6

50 18541A0154 33
51 18541A0155 26
52 18541A0157 1
53 18541A0158 37
54 18541A0159 a1
55 18541A0160 37
56 18541A0161 36
57 18541A0162 32
58 18541A0166 a4
59 18541A0170 13
60 18541A0171 26
61 18545A0109 15
62 18545A0116 30




63 19545A0101 4

64 19545A0102 33
65 19545A0103 48
66 19545A0104 9

67 19545A0105 39
68 19545A0106 6

69 19545A0107 26
70 19545A0108 32
71 19545A0109 32
72 19545A0110 39
73 19545A0111 26
74 19545A0112

75 19545A0113 26
76 19545A0114 40
77 19545A0115 39
78 19545A0116 26
79 19545A0117 38
80 19545A0118 =1,
81 19545A0119 30
82 19545A0120 31
83 19545A0121 26
84 19545A0122 26
85 19545A0123 6

86 19545A0124 29
87 19545A0125 35
88 19545A0126 15
89 19545A0127 28
90 19545A0128 26
91 19545A0129 26
92 19545A0130 26
93 19545A0131 26
94 19545A0132 34
95 19545A0133 26
96 19545A0134 28
97 19545A0135 26
98 19545A0136 37
99 19545A0137 26
100 19545A0138 37
101 19545A0139 29
102 19545A0140 38
103 19545A0141 26
104 19545A0142 26
105 19545A0143 35




106 19545A0144 26
107 19545A0145 35
108 19545A0146 28
109 19545A0147 33
110 19545A0148 32
111 19545A0149 - 31
112 19545A0150 5
113 19545A0151 26
114 19545A0152 34
115 19545A0153 29
116 19545A0154 28
117 19545A0155 26
118 19545A0156 33
119 19545A0157 a1
120 19545A0158 26
121 19545A0159 30
122 20S48A0101 16
116
No. of students who attempted the subject
Max. Marks 75
Thresold 40% 30
No. of students who scored more than the target score 0
34.48
Percentage of students who scored more than target score
Overall External Attainment level 1
Attainment Level 1: 40% students score more than threshold
Attainment Level 2: 50% students score more than threshold
Attainment Level 3: 60% students score more than threshold

VAAGESWARI COLLEGE OF ENGINERING

Department: | CIVIL ENGINEERING

Overall Course Outcome Attainment_

Name of the

Faculty: Academic Year: 2020-21
Branch & Section: CIVIL A&B - Exam:

Course: C1 Semister: I

( U\




Course Outcomes 1st Internal Exam 2nd Internal Exam E)::::{::;.) University Exam
Course outcome - 1 2.67 3.00 2.84 3.00
Course outcome - 2 2.83 233 2.58 3.00
Course outcome - 3 3.00 3.00 3.00 3.00
Course outcome - 4 3.00 3.00 3.00 3.00
Course outcome -5 3.00 3.00 3.00 3.00

Average 2.88 3.00

Final CO Attainment for the Subject

| 2.970833333

COURSE OUTCOMES AND PROGRAM OUTCOMES MAPPING
PO PO | PO | PO | PO | PO1 | PO1 | PO1 | PSO | PSO
p P P
O1(POZIPO3| , |POS| | 5 | g | g 0 i 2 1 2
Course-olutcome 2 3 3 ) 2 } ~ N _ 1 = = % =
Course-ozutcome 3 2 3 } 1 _ = = 2 - - - -
Course-oautcome 2 2 3 ) 2 R ) _ i 1 z = 1 1
Course outcome 2 5 2 ) 1 ) ) ; N 2 , - s &
-4
Course outcome 2 2 3 ; 2 ) } _ N 2 - - _ =
-5
AveragePos | 22 |22 28| - |16 | - | - | - | - | 16 | - - 1 1
PO 21 21| 27| 1.5 1.58 0.99 | 0.99
ATTAINMENT | 8 | 8 | 7 s | | | | " |*™ ) = '

r_\k—‘-‘_" -




15. CO-PO MAPPING

Program Outcomes

Course
Qutcomes
PO1 | PO2 | PO3 | PO4 PO5 (PO6 [PO7 [POS |PO9 | PO10 [PO11 |POI12
Cco1
3 3 3 3
CcO2
3 3 1
CO3
1 3 3 3
CO4
3 3 3 1
CO5
3 3 1 1

1: Slight (Low)

2: Moderate (Medium)

3: Substantial (High)
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