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UNIT-1 : CEMENT PRODUCTION & AGGREGATES (1-1Dt0o1-26D)
Cement: production, composition properties, types and cement
chemistry. Introduction to supplementary cementitious materials.
Aggregates: mineralogy, properties, test and standards. Quality of
water for use in concrete.

UNIT-2 : CHEMICAL & MINERAL ADMIXTURES (2-1Dto2-17 D)
Introduction & study of accelerators, retarders, water reducers, air
entrainers, water proofers, super plasticizers. Study of supplementary
cementing materials like fly ash, silica fume, ground granulated blast
furnace slag, metakaoline and pozzolana; their production, properties
and effect on concrete properties.

UNIT-3 : MIX DESIGN & RHEALOGY OF CONCRETE (3-1Dto3-24D)
Principle of mix proportioning, properties related to mix design,
Mix design method (IS method and ACI method). Mix design of
concrete: packing density, Rheology, mix design examples.

UNIT-4 : CONCRETE PRODUCTION, PROPERTIES & TESTING

(4-1Dto 4-30D)

Concert production, batching, mixing and transportation of
concrete. Workability: test for work ability of concrete (slump test,
compacting factor test and Vee Bee test). Segregation and bleeding
in concrete, curing of concrete and its methods. Determination of
compressive and flexural strength as per BIS. Mechanical properties
of concrete: elastic modules, poisson’s ratio, creep, shrinkage and
durability of concrete.

UNIT-5: SPECIFIC CONCRETES (5~-1Dto5-27D)
Study and uscs of high strength concrete, self compacting concrete,
fiber reinforced concrete, ferro cement, ready Mix Concerete, recyeled
aggregate concrete and status in India.

SHORT QUESTIONS (SQ-1D to SQ-17D)
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. PART-1 |¢ et st

Cement : w»amtn:.e:. Composition, Mabmw:.ms Types and Qmaaah
Chemistry, Introduction to Supplementary n.msmﬁm&.:m ..&ﬁwi.ﬁmﬂ

CONCEPT OUTLINE : PART-1

Cement : Cement is a material with adhesive and cohesive properties.

Composition of Cement : The component oxides of ordinary portland

nmSm-:.mwm"OmO. mmOqu.NmQ&. AL O, (3-8%), and m.mNOu (0.5-6
(60 -67 %).

%),

. Types of Cement :

_ Ordinary portland cement.
" Rapid hardening cément,
Portland pozzolana cement.
" Low heat portland cement.
Sulphate resisting cement.
High .EE”E.nm cement ete.

R

m.:wm_mg‘mug Cementing Materials : Supplementary cementing
materials, also called mineral additives, contribute to the properties of
hardened concrete through hydraulic or pozzolanic activity.
Pozzolanic material can be divided into two groups :
Natural Pozzolana :
Clay and shales.
“Diatomaceous earth.
Voleanic tuffs and pumicites.
Artificial Pozzolana :
Fly ash.

Blast furnace slag.

Silica fume.
Rice husk ash.
Metakaoline.
Surkhi.
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Answer _

A Cemert: n I
1. Cementis a hvdraulic binder andisdefined asa finely E.ow:.u _ nn&.:n
matenal which. when mixed with water. formsa uum?” whic um_m s fi
hardens by means of hydration reactions and processes which, after
hardening retains its strength and stability even under water.

. argillaceous and other
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substances.
B. Chemical Composition : Cement has the following approximate
chemical composition:
1. The major constituents are :
1 Lime(Ca01:60-683 %
Silica (810,1:17-25%
1 Alumina (AL0,):03-08 %
The auxiliarv constituents are :
+  Ironoxide (Fe 0,1:0.5-08 %
i Magnesia (Mg0):1.5-03%
i Sulphur tri oxide (§0,): 01- 02 %

o, Girpsum:011004 %
Que 1.2, _ Describe the function of various constituents of
cement.

Functions of Cement Manufacturing Constituents :

1. Lime(Ca0):

I Lime forms nearly two-third (2/3) of the cement.

| SEI =
¥

[ 2]

i Sufficient quantity of lime forms di-calcium silicate (C_Si 0,) and tri-
calcium silicate in the manufacturing of cement.._~”

i Lime in excess, causes the cement Lo expand and disintegrate.

2. Silica(Si0,):

i The quantity of silica should be enough te form di-calcium silicate
(C,510,) and tri-calcium silicate in the manufacturing of cement.

i Silica gives strength to the cement.

ai  Silica in excess causes the cement to set slo vly.

WE:B..:&.‘P_NO%"

t  Alumina supports to set quicks te¢ 'L ceimment.

A
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ii. It algolowers the clinkering temperature,

iii.  Alumina in excess reduces the strength of the cement.

4.  Iron Oxide (Fe,0,) : Iron oxide gives colour to the cement.
b. Magnesia (MgO):

i. It also helps in giving colour to the cement.

ii. Magnesium in excess makes the cemeant unsound.

6. Calcium Sulphate (or) Gypsum (CaS0O,) : At the final stage of
manufacturing, gypsum is added to increase the setting of cement.

\ ue 1.3. _ What are Bogue’s compound of portland cement ? Also

give its properties.

Answer _

Bogue’s Compound of Cement : Following are the various Bogue’s
compound of cement :

1. Calcium Silicates:

i. Alite or 3Ca0.5i0,0r C;S:
—_— .
a. ~Itisresponsible for early strength.
b. First 7days strength is due to C,S.
c. It produces more heat of hydration.
d A cement with more C,S content is better for cold weather concreting.
ii. _Belite or 2Ca0.Si0,or C,S:

a-— The hydration of C,S starts after 7 days. Hence it gives strength after
7 days.

C,S hydrates and hardens slowly and provides much of the ultimate
strength.

c.  Itis responsible for the later strength of the concr-te.
d. It produces less heat of hydration.

2. Calcium Aluminates :

i. Aluminate or 3Ca0.ALO,or CA:

a. The reaction of C,A with water is very fast.

b. Itmay lead to animmediate stiffening of paste, and it is called flash set.

c¢. To prevent this flash set, 2-3 % gypsum is added at a time of grinding
cement clinker.

The hydrated C,A do not contribute to the strength of the concrete.
Low C A for sulfate resistance Cement.

ii. Ferrite or 4Ca0.AL0, .Fe, 0, or CAF:

a. C,ATI hydrates rapidly.

=

B

©
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to strength of the conerete.

b, It dees not contribute

¢.  Controls the color of coment.

3, Gypsumisaddedto avoid the

ancontrolled setting resulting from CA

reaction withwater.

Que 1.4. | Explain manufacturing processes of the cement with
neat diagram. Give comparison between wet and dry process of

manufacturing.

Answer _
: Following are the steps of

Manufacturing Processes :
manufacturing of cement : )
A Make Clinkers : In this step. the raw material is converted into fine
powder and it is done by following two processes
_DryProcess:
i In this process calcareous material such as limestone (calcium
carbonate) and argillaceous material such as clay are ground separately
to fine powder in the absence of water and then are mixed together in
the desired proportions.
Water is then added to it for getting thick paste and then its cakes are
formed, dried and burnt in kilns.
This process is usually used when raw materials are very strong and
hard.
In this process, the raw materials are changed to powdered form in the
absence of water.
Wet Process:——
In this process, the raw materials are changed to powdered form in the
presence of water.

.H: this process, raw materials are pulverized by using a ball mill, which
1s arotary steel eylinder with hardened steel balls,

When the mill rotates, steel halls pulverize the raw materials which
form shurry (liquid mixture).

iv. The m_m_wﬂ. Z then passed into storage tanks, where correct
proportioning is done. '
v.  Proper composition of raw mater;
ials can be ensur i
process than dry process. od by using wet
vi. This process is generally used w
complete mixing is not possible

vii. Corrected slurry is then fe

hen raw materials are soft because
unless water jg added.

dinto rotary kiln for burning.
The actual purpose of both proce

S8¢8 )2 i
fine powder. S1:to change the raw materials to
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B. Burning ;

-

i.  Corrected slurry is feed to rotary kiln, which is a 150-500 feet long,
8-16 feet in diameter and temperature arrangement is up to
1500-1650 °C,,

ii. At this temperature slurry losses moisture and forms into small fumnps,
after that changes to clinkers.

iii. Clinkers are cooled in another inclined tube similar to kiln but of leszer
length,

C. Grinding:

—1i——Now the final process is applied which is grinding of clinker, it is first
cooled down to atmospheric temperature.

ii.  Grinding of clinker is done in large tube mills. After proper grinding
gypsum (Calcium sulphate CaSO,) in the ratio of 01-04 % is added for
controlling the setting time of cement.

iii. Finally, fine ground cement is stored in storage tanks from where it is
drawn for packing.

Comparison between Wet and Dry Process :

S.No. Wet Process Dry Process

1. Moisture content of the slurry | Moisture content of the pellets
is 35-50%. is12%.

2. Size of the kiln needed to | Size of the kiln needed to
manufacture the cement is | manufacture the cement is
bigger. smaller.

3. The amount of heat required | The amount of heat required is
is higher, so the required fuel | lower, so the required fuel
amount is higher. amount is lower.

4.. | Less economical. More economical.

5. The raw materials can be mix | Difficult to control the mixing
easily, S0 a  better | of raw materials process, so it
homogeneous materialcanbe | is difficult to obtain
obtained. homogeneous material.

6. The machinery and | The machinery and
equipments donot need much | equipments need more
maintenance. maintenance.

Que 1.5, _ Explain the various types of cements.

Aunswer _

Following are the various types of cements :
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e nt : .

S . Resisting Cem¢ . . . .

1. Sulphate R the porcentage of tricalcium i.:i::.g C,A is _mcun

i In ::_,_.D,.::.:“.: results in the increase in resisting power againgt
below 5 % anc sults

sulphates. »
i i ement : )

ﬂ”ﬂ“ﬂﬂﬂﬂmﬁmﬂ ME::.... times of this 2..::”:& mz_u mMﬂ:ﬁm as thosce of

ordinary cement. But it at{ains high m:.o.:w.pv in carly ds u\r.

i It ,,.58..5.,. high percentage of tricalcium silicate C,S to the extent of
about 56 . ‘

3.~ White Cement :

White cement is prepared from such raw ma

frec from colouring oxides of iron, mangan

is white in colour and is used for floor finish, plaster work, ornament

1>

terials which are practically
ese or chromium.

i It
work. ctc.

4. Coloured Cement :

The cement of desired colour may be obtained by intimately mixing

mineral pigments with ordinary cement.

£ The amount of coloring material may vary from 5 to 10 %.

iii, These typesofcoloured cement are widely used for finishing of floors,
external surfaces, artificial marble, window sill slabs, textured panel
faces. stair treads, etc.

* S.Ne. Pigment Colour

“, L Chromium Oxide Green

m,_ 2 {  Cobalt Imparts Blue

M 3 _ Iron Oxide in different proportion | Brown, Red, Yellow
| 4. _ Manganese Dioxide Black or Brown

5. Pozzolana Cement :
L Pozzolanzis avolcanice powder,

1. This type of cement is ys
3 e ed to prepare m i
o1 ea i et s p ass concrete of lean mix and

il Itis zlso used in sewage
scd in sewage works and for laying concrete under water.

6. Hydrophobic Cement :

L Itismanufactured by grinding

ordi . :
0.1100.4 % of oleic acid, stear] inary portland cement clinker with

i This addition forms water n._n_uni i o caraghiendl,
: :r repelle X

nivisture content c?_z.,cmv:“.‘c ! film around cach particle by the
ti.  When concrete is Prepared using this ee

breaks out which improves the workab ment, the water repellent film

ility of conerete.
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Quick Setting Cement :

When concrete is to be laid under water, quick setting cement is to be
used.

This cement is manufactured by adding small percentage of aluminum
sulphate (AL,SO,) which accelerates the setting action.

The setting action of such cement starts with in 05 minutes- after
addition of water and it becomes stone hard in less than half an hour.

Low Heat Cement :
In this cement the heat of hydration is reduced by tricalcium aluminate

(C,A) content.
1t contains less percentage of lime than ordinary pertland cement.

1t is used for mass concrete works such as dams etc.

High Alumina Cement :

This cement contains high aluminate percentage usually between 35-
55 %.

It gains strength very rapidly within 24 hours. It is also used for
construction of dams and other heavy structures.

It has resistance to sulphates and action of frost also.

Air Entraining'Cement :

Air entraining cement is produced by grinding minute air entraining
materials with clinker or the materials are also added separately while
making concrete.

Entrainment of air also improves workability and durability. It is found
that entrainment of air or gas bubbles while applying cement, increases
resistance to frost action.

It is recommended that air contents should be 03-04 “% by volume.
Natural resins, fats, oils are used as air entraining agents.

Hydration of Cement :

The reaction of cement when mixed with water is called hydration.
Both C;S and C,S riake up nearly 75 % of cement.

The hydration of these ‘compounds is responsible for the setting and
hardening of cement. ,

The hydration surface reaction starts immediately once cement comes
in contact with water. It is an exothermic reaction.

The hydration continues as long as heat and moisture are available.
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Conerc Jong with gypsum are involved in the

.u.. o:—.—% M.— .,...
Bogue's E.Em ‘nly avery small =Ea::.o?5.£E:namom?..
action and 0Ny < -

5. All four
hydration re
it. : ss of hydration :

the .m-gﬁn.?.n
- - ctages occurred in )
B: ,.m,..p.u—_c.‘_sn stage o nerabion.of rapid order takes place for close to
1. Stage 1: A heat gen © and hydrogen ions are released from the
crun rua.&n of critical concentrations are _.mun.ro&.
= Edﬁ,mq and calcium silicate hydroxide beings,
pendent on the temperature.
the dormant period and the cement is
d of 2 to 4 hours. This process of

%urface and when cert
the evolution of calcium hy
-=. The initial reactions are de
2  Stage 2: This stage tends to be c
- forced to become w_umﬂwn m.:, a perto
—~  reaction tends 1o slow down. — .
3. ' Stage $:Thisis the acceleration nmn.& asthesilicate rmmm,mnmm rapidly
along with critical concentration of ions. The entire hardening takes

place and the final set is released and th

£ | Stage.d-: This is known as the deceleration stage. The overall rate of

‘\__*reaction tends to slow down resulting in an independent diffusion

reacti

_ --.reaction.

5. Stage 5: This is referred to as the steady stage and the temperature

""" has less effect on the hydration stage. The reaction process is constant
and is for a period of 12 to 24 hours.
The individual reaction of minerals tends to be less effective than the
combined reaction of the hydration of cement. The hydration of cement
can be split into several small components it is observed that the
aluminate and the ferrite stage tend to react first and then the reactions
tend to carry over to the silicate phase.

Que 1.7. | Describe the hydration reaction of important Bogue’s
compounds indicating the products of hydration.

Answer

Hydration m.muna.ou of Bogue's Compound :
Hydration of CS:

Pt
4

L The chemical resction of C,S with water can be expressed as C- s-({v
JO.MM + _.,_c,n. T OFWIE + Olm\fuzwmb . .M.uwa_ﬂin:u - I#“ll.
where, C-5-His calcium silicate hydrate and C-H is calcium hydrate. +¢& \
tleatt

iL G..m.m. Caleiwm silicate :_.&...uﬁ.guwﬂggm.,aonmc % of thiewolidein the'

i C-H. Calcium hydrate makes up about 20%

[ T

“peste. It forms a continuous binding matrix. I

and hence has ml_,.:.mo surface area, It i
strength development of cement paste

It existz in the :
M.EMMMMM&_M_: pﬂﬂm %H.mw_rom ﬂ r,.nv: crystalline hexagonal plates and is
: matrix Its growth fills the pore spaces. It does

of the solids in the paste.

e time period is generally for 4
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not significantly contribute to strength. Its leaching causes white
patches and efflorescence,

Hydration of C,8:

The hydration of C,S is similar to the hydration of C,S. The same
products are generated. However, C_S reacts slowly and hence
gencrates less heat.

_It contributes to strength development at later stages.

Hydration of CA : bE .
This hydration reaction produces a substance called ettringite as follows

C.A + gypsum + water —» ettringite + heat

C,A + ettringite + water — monosulphoaluminate
If the amount of gypsum is too little, C,A will react fast and can cause
a ‘flash set’.
On the other hand, too much gypsum will delay setting and cause
undue expansion. It constitutes about 10-20 % of the solid content.
It is a long, slender, and prismatic crystal and is stable only in the
presence of gypsum.
It plays a minor role in strength development but contributes
considerably to durability.
Monosulphoaluminate is a stable hydration product. It is fairly
crystalline.
Hydration of C AF :
The hydration of C AF is similar to that of C,A; the same products are
formed.
However, C AF reacts slowly and hence generates less heat and
combines well with gypsum.

Que 1.8. | What are the advantages of pozzolona portland cement.

[reRPE CRREA

lAnswer

Advantages :
In PPC, costly clinker is replaced by cheaper pozzolanic material

and hence-economical,_

“Soluble caleium hydroxide is converted into insoluble cementitious
products resulting in improvement of permeability. Hence it offers, all
round durability characteristics, particularly in hydraulic structures
and marine construction.

PPC consumes calcium hydroxide and does not produce calcium
hydroxide as much as that of OPC.

It generates reduced heat of hydration and(that too at a low rate. T

—
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5. PPCbeing finer than Oﬁ.ﬁ. and :_.Amn o:“. Ly
© the pore size distribution and als

transition zone.

zzolanic action, it improvey
he microcracks at the

ity, the bulk volume of 50 kg
is f lower density, A
Sl wirog m, Mm: anﬂmmrmﬂm%ﬁn Therefore, PPC gives more volume of
bag is shightly mo 3
mortar than Ow.n.
The long term strength m.m  beyon
zzun O%r) if enough moisture 1s aval

action.

.ond a couple of months is higher
PPC g.gsum,a_m for continued pozzolanic

~1

Que 1.8. | Explain briefly the physical properties of ordinary

portland cement and its uses-

_urﬂ..a& Properties of Ordinary Portland Cement :

1 Colour mnmoEmw grey.

2 One feels cool by thrusting one’s hand in the cement bag.

3 It is smooth when rubbed in between fingers.

A handful of cement thrown in a bucket of water should float.

Uses of Cement : Following are uses of cement :

It is used ini concrete for laying floors, roofs and constructing lintels,
beams, stairs, pillars etc - -

It is used for making joints for drains and pipes.

Ha

bt

o

. Itis used for water tightness of structure. _
It is used in mortar for plastering, masonry work, pointing, etc.
Cement is a very useful binding material in construction. .

It isemployed for the construction of wells, water tanks, tennis courts,
lamp posts, telephone cabins, roads ete

It is used in the preparation of foundations, water tight floors, footpaths
€tc.

8 Itisusedinthe construction of important engineering structures such
-2s bridges, eulverts, dams, tunnels, light houses ete

9. Itisusedfor precast pipes manufacturing, piles, fencing posts m»o_.

o oo o

=

Que 1.10. | Describe the Pozzolanic materials. What are the
advantages of pozzolanic material ?

‘Answer
A. Pozzolanic Materials :
1. P Mwum NNHMwWH:w“ﬂ M? are wES.o:m orsiliceous and aluminous materials,
which ir : 5 possess little or ng cementitious value, but will, in
‘ »

3
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finely divided form and in the presence of moisture, chemieally react
with calcium hydroxide liberated on hydration, at ordinary temperature,
to form compounds, possessing cementitious properties.

2. Pozzolanic reaction is given by o -

Pozzoluna + Calcium hydroxide + Water - C - S~ H ( mm::.% LAl

Advantages of Pozzolanic Materials : Following are the advantages

of pozzolanic materials :

Lower the heat of hydration and thermal shrinkage. ‘

Increase the water-tightness. :

Reduce the alkali-aggregate reaction.

Improve resistance to attack by sulphate soils and sea water.

Improve extensibility.

Lower susceptibility to dissolution and leaching. .

Improve workability.

. Lower costs.

K.\_ﬂ,a:,w 1.11. | Describe the various types of pozzolanic materials.

-

=
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;Answer -
it S A

Types of Pozzolanic Materials : Following are the various types of
——pozzolanic materials :
{ 1. FlyAsh:
T _Fly ash'is finely divided residue resulting from the combustion of
powdered coal and transported by the flue gases and collected by
electrostatic precipitator. '
ii.  Fly ash is the most i.mm&% used pozzolanic material all over the world.

iii,” - Fly ash iscategorise into two classes :

. a, _Class H.JW y-ash nermally produced by burning anthracite or
a0. Class F fly ash has

_“=bituminous coal, usually has less than 5 % CaC
pozzolanic properties only. e

b. Class C : Fly ash normally produced by burning lignite or sub-
bituminous coal. Some class C fly ash may have CaO content in excess
of 10 %. In addition to pozzolanic properties, class C fly ash possesses
cementitious properties. N

2. Silica Fume:

Silica fume, also referred to as microsilica or condensed silica fume, is
another material that is used as an artificial pozzolanic admixture.
Silica fume is very fine pozzolanic material composed of ultrafine,
amorphous glassy sphere (average diameter, 0.10 to 0.15 mm) of silicon
dioxide (Si0,) produced during the manufacture of silicon or ferro-
silicon by electric arc furnaces at temperature of over 2000°C.

i

i,

eI e Rt red bt B
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— T hen SiO gas produced in the furnace mixg,

The ruicro silicais fartoad Sf_n..v: ,nssmn,:nwun 1o thie: pure uw_rmlnc_

he m vem  ovidizes to S, €© emoke

with exy¥en, oX &M ~a that form the majer part of the r fume
1 {micro sucaty
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from th

Rice Husk Ash:

Rice husk ash1s ohtained by b ;

- epwironmental po

<
urnaie

arning rice husk in a controlled manne,
| oollution. When properly burnt it hay
withoul ceusing - mixture. -
MA” /.k..: q_s:z.u., and can be used as 2 8:22@.9&._ . .
- ,n 4 exhibits high pozzalanic characteristics and contributeg
Nee husk ash oximf :

10 high strencth and high impermeability of concrete.

Rice husk ash (RHA) essentially consists of amorphous silica (90 ¢,
J0f NUSK asd hliet s

Si0.1. 5 % carbon and 2 % KO, .
The eoecific surface of RHA is between 40 — 100 m/g.

specific's
Surikhi : . .
Surkhi is an artificial pozzolana made by powdering bricks or burnt
clay balls.

In some major works, for large scale production of surkhi, clay balls

are specially burnt for this purpose and then powdered.
Its characteristics are greatly influenced by the constituent mineral
composition of soil, degree of burning and fineness of grinding.
Metakaolin :

:ﬁwma.&,_w activated ordinary clay and kaolinitic clay is known as
“Metakaolin”.
It showed certain amount of pozzolanic properties, they are not highly
reactive.
Highly reactive metakaolin is made by water processing to remove

unreactive impurities to make 100 % reactive pozzolana. Such a product,

white or cream in colour, purified, thermally activated is called High
Reactive Metakaolin (HRM). )

High reactive metakaolin shows high pozzolanic reactivity and reduction
in Ca(OH), ever as early as one day,

Ground Granulated Blast Furnace Slag (GGBS) :

Ground granulated blast-furnace slag is another important mineral

admixture like fly ash a nonmetallic product consisting essentially of
silicates and aluminates of calcium and other bases,

The molten mr:.« is rapidly chilled by quenching in water to form a
glassy sand like granulated material,
The granulated material when furthe

. . rground to le 5 micron
will have specific surface of about 4 e 0 dess than 45 mi

00 to 600 m¥/kg (Blaine).
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PART-2 TR
Aggregate : Mineralogy, Properties, Test and Standards,
Quality of Water for Use in Conerete. %

CONCEPT OUTLINE : PART-2

\ Aggregate : These are primarily naturally occurring, inert granular
materials such as sand, gravel or crushed stone ete.
Classification of Aggregate : The classification of the aggregate is
generally based on their geological origin, shape, size, unit weight
cte.
i.  Classification According to Geological Origin : <~

a. Natural aggregate.’ T

b.  Artificial aggregate, |
ii. Classification According to size : \

a. Fine aggregate. I

b. Course aggregate.

c. Allin aggregate.

d. Single size.
iii. Classification According to Shape :

a, Roundedaggregate. —— ——— -

b. Irregular aggregate.

c. Angular aggregate.

d. Flaky and elongated aggregates.
iv. Classification Based on Unit Weight:

a. Normal weight aggregate.

b. Heavy weight aggregate.

c. Light weight aggregate.
Test : Aggregates are tested for strength, abrasion, particle shape
and texture, poroisity.

i Crushing strength test.

ii.  Flakiness and elongated index test.

iii. <Ten percent fines value.

iv.  Impact value test.

v.  Test for hardness and abrasion resistance, etc.
Water Quality : The quality of water used must be checked for
ensuring good quality concrete. Water used for mixing and curing
should be free from oil, acid and alkalis salt, and organic material.

Cement Production and Aggregates

Questions-Answers

Long Answer Type and Medium Answer Type Questions
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ate
Quo 1.12. _ What is meant by aggres

classification.

2 Briefly describe theiy

Aot ri i ixed with bindj;
. re inert materials which are mix h bind;
a 3 g

: Thes . turing of mortar o,

A Aggrogate s ThC t or lime for manufac

e “nrmwwhﬁm_“_n& as filler in mortar and concrete and alg,

concrete. Ager S '

to reduce their cost.
B. Classification of >mm-.nm.u8.. o
1. Accordingto Geological Origin :
tural Aggregate : . = .
» ”M MM. aggregates are generally ovnmp.uma from natural deposits of sanq
b .Em.mﬂﬁ.lm or from quarries by cutting rocks. lobicht
ndr cheapest among them are the natural sand and grave Mc hich have
voMn reduced to their present size by natural agents, such as water,
wind and snow, etc. .
3. Theriver deposits are the most common and are good quality.

o

" 4L Artificial Aggregate:

[nti i N

1. The most widely used artificial aggregate are clean broken bricks and
air cooled fresh blast-furnace-slag.

2. The broken bricks of good quality provide a satisfactory aggregate mo._.

the mass concrete and are not suitable for reinforced concrete work if

the crushing strength of brick is less than 30 to 35 MPa.

The bricks should be free from lime mortar and lime sulphate plaster.

The bricks aggregate is not suitable for waterproof construction.

It has poor resistance to wear and hence is not used in concrete for the

road work.

According to Size:

Fine Aggregate :

The aggregate which passes through 4.75 mm sieve and retained on 75

micron sieve are known as fine aggregate.

Coszrse Aggregate :

The aggregate retained on 4.75 mm sieve are known as coarse

aggregate.

All-in-Aggregate :

It is the combination of both coarse and fine aggregate.

According to Shape :

Rounded Shape:

The aggregate with rounded particles (rive
minimum voids ranging 32 to 33 2

.
- i

S

= F

P rg

r or seashore gravel) has

»
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b.

" 40 %. The interlocking between the particles is good >

S

_,._.Pbmin-.

The only disadvantage is that interlocking between its particles is less
and hence the development, of bond ia poor, making it unsuitable for
high strength concrete and pavement.

Irregular Aggregate :

The aggregate having partly rounded particles (pit sar.d and gravel)
has higher of voids ranging from 35t 33 %,

It required more cement paste for a given workability.

Angular Agpgregate : The aggregate with mgv. angular and rough ;
particles (crushed rocks) has a maximum of voids ranging from 38t5%

Tlaky Aggregate : —
An aggregate is termed flaky when its least dirnension (thickness) is

less than three-fifth of its mean dimension.
The presence of these particles should be restricted t6 10 t6 15 547
According to Unit Weight : ’

Normal Weight Aggregate : The commonly used aggregate, i.c.,
sands and gravels; crushed rocks such as granite, basalt quartz,
sandstone and limestone; and brick ballast, etc., which have specific *
gravitiesbetween 2.5 and 2.7 produce concrete with unit weight ranging
23 t0 26 kN/m® and crushing strength at 28 days betwoen 15 to 40 MPa
are termed normal weight concrete.’

Heavy Weight or High-Density Aggregate : Concrete having unit
weight of about 30, 31, 35, 38, 40, 47 and 57 kN/m® can be produced by
using typical goethite, limonite, baryte, magnetite, hematite,
ferrophosphorus and scrapiron, respectively.

Light Weight Aggregate : The light weight aggregate having unit .
weight up to12 kN/m? are used to manufacture the structural concrete
masonry blocks for reduction of the self weight of the structure.

a.wl,o .H,.-.u. Discuss the characteristics of good aggregates.

_._p.o_,._mfwum are the characteristics of good aggregate :

It should preferably be cubical or spherical in shape and of limiting
porosity. .

It should be chemically inert and not be soft and porous.
It should not absorb water more than 5 %.

It should have rough surface.’

It should not react with cement after mixing.

"It should be durable and strong.




A Physical Propert
/\,— Grading : It 1

‘w4 Fineness Modulus

5 Flakiness Index: It

~1. Aggregate Crushing Value : It gives a

&% Elongation Index: Itisthe
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Que 1.14 . concrete.

s 1
propertics of aggregatc

Answer _

. A h_m.u-:. :
ies of AggT distribution of an aggregate N

icle-size . .
s the particl wire mesh sieves with squar,

i -sis usin
determined by a sieve analysis using
ﬁf -

Openings. sieve analysis is expresseq

: The result of aggregate
fineness modulus. . . |
i is the percentage by Smpmr.ﬁ of _uE.S.n_mm in it
is than three-fifth of their mean dimensiop,
percentage of weight of ﬁm.in.m&mm whose
than 1.8 times their mean dimension,

bv a number called
whose least dimension 1s 1es$

sreatest dimension is greater

B. Mechanical Prosperities of Aggregate :

HmHmﬁ?.m measure of the
te to crushing under a gradually applied

resistance of an aggrega
compressive load.

2  Aggregate Impact Value:Itgivesa relative measure of the resistance

of an aggregate to sudden shock or impact.

i i i f resistance
A ate Abrasion Value: It gives mw&ms.cm measure o .
= mmmw.ﬂwmwmmmvm <0 wear when it is rotated in a cylinder along with

sgme abrasive charge.

._-C. Thermal Properties of Aggregate : Following are the thermal

properties of aggregate :

1. Coefficient of Thermal Expansion : The coefficient of thermal

expansion of the concrete increase with the coefficient of thermal
expansion of aggregate. The coefficient of expansion of the aggregate
depends on the parent rock

—2 Specific Heat : It is a measure of its heat capacity.

v

3. Thermal Conductivity : It is the ability of the aggregate to conduct
the heat.

Que 1.15. _ Explain the bulking and soundness of aggregates.

Answer _

A.  Bulking of Fine Aggregate :
1.

The inerease in the volume of a given mass of fine aggregate caused by

the presence of water is known as bulking.
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2. The bulking of fine aggregate is caused by the films of water which
push the particles apart.

3. Theextent of bulking depends upon the percentage of moisture present
in the sand and its fineness.

4. It isscen that bulking increases gradually with moisture content up to
a certain point and then begins to decrease with further addition of
walter due to the merging of films, until when the sand is inundated.

5. With ordinary sands the bulking usually varies between 15-30 %.

In extremely fine sand the bulking may be of the order of 40 % at a

moisture content of 10 % but such sand is unsuitable for concrete.

Soundness of Aggregate :

The soundness indicates the ability of the aggregate to resist excessive

changes in volume due to changes in environmental conditions, e.g.

freezing and thawing, thermal changes, and alternating wetting and

drying.

2. The aggregate is said to be unsound when volume changes result in
the deterioration of concrete.

3.  Thismay appear in the form of local scaling to extensive surface cracking
or to disintegration over a considerable depth, and thus vary from an
impaired appearance to a structurally dangerous situation.

IS: 2386 (Part-V)-1963 describes a method to determine the resistance
to disintegration of aggregates by saturated solution of sodium sulphate
(Na,S0,) or magnesium sulphate (MgSO,).

According to IS: 383-1970 the average loss of weight after ten cycles

should not exceed 12 and 18 % when tested with sodium sulphate and
magnesium sulphate, respectively.

Que 1.16. _ What are the effects of the shape and texture of
aggregate on the strength and workability of concrete ?

Answer _

Effect of Shape :

Rounded aggregates are suitable to use in concrete because flaky and
clongated particles reduce workability, increase water demand and
reduce strength.

&

= ®

>

o

S

N

In the case of angular particles, the bond between aggregate particles
is higher due to interlocking but due to higher surface area, angular
particles increase water demand and therefore reduce workability.

Effect of Texture :

This affects the bond to the cement paste and also influences the
water demand of the mixture.

2. Smooth : It improves workability but bond between cement paste and
aggregate is weak.

=W
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Rough : It reduce workability

L ato is SUrong. .
i { a very important property from compreggjy,
18 not d

but aggregate having rough surface texty,
o d tensile stresses.

Surface texture 181
strength point of view b o
perform better under flexur:

117, | What s alkali aggregate reaction ? What are the factor,
Que 1.17. | Whe

i a
which affect this reaction ? How ¢

n this reaction be controlleq ?

Answer _

A
1

13

€

o

3.

ali te Reaction : . .
o g

i i isintegration of the
: g lete disruption and %E.b ;

?mwhﬂw Mﬂmﬁmmwhm_ﬂm M_wm:-mmmnmmwnm reaction or sometimeg
con
concrete cancer. ® -
The trouble is due to reaction between silica in aggregate and alkalis iy
the cement. .
In some cases alkalis, mainly from the cement supplemented by alkalis
in .»rm aggregate, react with carbonates in the aggregate to produce
similar result. . .
The types of rocks which contain reactive constituents include traps,
andesites, rhyolites, siliceous limestone and certain types of sandstones.
The reactive components may be in the form of oﬁm_mn cherts,
chalcedony, volcanic glass (excepting basaltic glasses), zeolites, and
tridynite.
Factors Affecting Alkali-Aggregate Reaction :

Reactive Type of Aggregates : Reactive material have been moau.m
to have serious effects if present in small quantities but not if it
constitutes the whole of the aggregate.

High Alkali Content Cement : If the cement contains less than
0.4 % alkalis (computed as Na,0) no expansion or disruptive mm.mn". 1s
likely even with aquite highly reactive aggregate, but due to difficulties

of manufacture it is not usual to specify an alkali content of less than
0.6%.

Availability of Moisture : Pr
takes place only in the presen

.H,mB_.uE.mn:wc Condition : The favourable temperature for the
reaction is 10-38 <C.

ogress of the alkali-aggregate reaction
ce of water,

Control of Ern:-bnn.ér‘n? Reaction :
W% Selectin _w Non-Reactive Aggregate ; Aggrepate can be Eo::m&
Y petrographic examinatjon, The ar ba 3 ice!
S petgrap ¢ mortar bar test and the chen
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2. By Using Low Alkali Cement : Cements with alkali less than
0.6 per cent should be used.

3. By Controlling Moisture : Old concrete should not be allowed to
come in contact with water. The best way is to apply mortar with water
proofing agents on concrete surface.

4. By Pozzolanas : When fly-ash or surkhi or crushed stone dust is
added this optimum condition of silica being in particular proportion
and fineness is disturbed and the aggregates turn to be inoffensive.

5. By Air Entraining Agents : The alkali-silica-gel imparts osmotic
pressure over the set cement gel and this is mainly responsible for

formation of eracks. When air entraining agents are added they absorb
the osmotic pressure and control the expansion.

Que 1.18. | Describe the test conducted to determine the crushing

value, impact value and abrasion value of aggregates.

Answer’
A. Determination of Crushing Value (IS 2386 Part 4-1963) :

1. Crushing value of aggregate is a relative measure of resistance of an
aggregate to crushing under gradually applied compressive load.
Aggregate passing through 12.5 mm sieve and retained on 10 mm
sieve is taken. About 6.5 kg of surface dry aggregate filled in the
standard cylinder in three layers, tamping each layer 25 times by a

standard tamping rod. It is leveled off. Its weight found out (4).

3. The plunger is placed on the aggregate taking care that it does not jam
the cylinder by becoming tilted.

The assembly is then kept under compression testing machine and

total load of 40 tonnes is applied uniformly during 10 minutes.

The load is released, the aggregate is taken out and sieve on 2.36 mm
sieve. The fraction passing through weight is (B).

6. The aggregate crushing value is given by,
Aggregate crushing value = B/ A x 100 %.
Aggregate crushing value should not be more than 45 % for aggregate

used for concrete other than for wearing surface and 30 % for concrete
used for wearing surface such a runway roads, etc.

Determination of Impact Value (IS 2386 part 4-1963) :

This test gives relative measure of resistance of aggregate to suddenly
applied load or impact load.

The test sample consists of aggregate passing through 12.5 mm IS

sieve and retained on 10 mm IS sieve. The aggregate is oven dried at
110 °C for 4 hours.
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ceight A). By lifting the hangq)
" in the cup, (weigh )
The :Wﬁ_..unu:w is :M_.ﬂ“ —Mw: W.oc_a as it is released by the _..va:.m
aWee H »

hammer is al racly 88 3
mechanism, on to the aggregate tl ¥

e e given and then the aggregate is taken out and sieveg
15 suc OWS are v

on 2.33mm sieve.
The fra-tion passing through
The fraction retained is also welgh
A by more than 1 gram, the _.q.mﬁ._.ﬁ 1S b
The aceregate impact value is n:%_u v,
ccatoi -alue=BA x 1

i AP .,.9..,, <t ;s same as crushing value test.
Standard value for this test s 5¢
W termi ation of Abrasion Value (IS 2386 Part 4-1963) :

elermin . ?
This test gives the relative resistance of mmﬁoﬂunm to wearing.
There are two methods prescribed in the IS code :
i  Deval Attrition Test, and
#  Los Angeles Abrasion Value. o .

1 since LA test gives more realistic results, it is more commonly
used. .
In this method, the specified weight, 5kg or 10 kg, depending on the
sime of axrrecate s taken and is placed in the cylinder of the LA machine
alang with the abrasive charge.
The zbrasion charge consists of specific number of steel balls.
Tte crlinder is rotated at 20 to 33 rpm for 500 or 1000 revolution,
depending on the grading of the aggregate.
Tze zggregate is removed from the cylinder and sieved on 1.75 mm
sieve.
The fraction passing through 1.7 mm sieve is expressed as percentage
oloriginal weight give the aggregate abrasion value.
The percentage of wear should not be more than 16 S for cement
concrele eggregate.

is weighed (weight B). .
eighed (weight C). If (B + ) is less thyy
discarded and a fresh test is made.

Que u-—m._ What tests are used to find out the shape of the
aggregate ?

Answer _

o

[

Trere are mainly two types of test for finding the shape of aggregate,
which are as follows -
Test for Determination of Flakiness Index :

Toe h.wE. s index of azgregate isthe percentage by weight of particles
intwhose least dimension (thickness) is less than three-fifths of their
mean dimension. The test is not applicable to sizes smaller thad
6.3 mm.

This test is conducted by
A sufficient

of 2030 piec

using a metal thic, ness gauge.

nﬁwnwms.owwm.mﬂm.wmwm is taken suca that a minimum number
&2 ol zny fraction can be tested.
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8.

Each fraction is gauged in turn for thickness on the metal gauge.
The total amount passing in the gauge is weighed to an accuracy of
0.1 % of the weight of the samples taken.

The flakiness index is taken as the total weight of the material passing

the various thickness gauges expressed as a percentage of the total
weight of the sample taken.

Test for Determination of Elongation Index :

The elongation index on an aggregate is the percentage by weight of
particles whose greatest dimension (length) is greater than 1.8 times
their mean dimension.

The elongation index is not applicable to sizes smaller than 6.3 mm.
This test is conducted by using metal length gauge.

A sufficient quantity of aggregate is taken to provide a minimum
number of 200 pieces of any fraction to be tested.

Each fraction shall be gauged individually for length on the metal
gauge. )

The total amount retained by the gauge length shall be weighed to an
accuracy of at least 0.1 % of the weight of the test samples taken.
The elongation index is the total weight of the material retained on the
various length gauges expressed as a percentage of the total weight of
the sample gauged.

The presence of elongated particles in excess of 10-15 % is generally
considered undesirable.

Que 1.20. _ Explain the procedure for determination of ‘ten percent
fines value’.

Answer

Procedure for Determination of Ten Percent Fines Value :

The sample of aggregate for this test is the same as that of the sample

used for aggregate crushing value test.

The apparatus, with the test sample and plunger in position is placed in

the compression testing machine.

The load is applied at a uniform rate so as to cause a total penetration

of the plunger in 10 minutes of about :

L 15 mm for rounded or partially rounded aggregates (for example
uncrushed gravels)

20.0 mm for normal crushed aggregates, and

24.0 mm for honeycombed aggregates (e.g., expanded shales and

stags).

After reaching the required maximum penetration, the load is released

and the whole of the material removed from the cylinder and sieved on
a 2.36 mm IS sieve.

e

E

The fines passing the sieve is weighed and the weight is expressed as
a percentage of the weight of the test sample.
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Que 1.21. ﬂ What is fineness modulus ? How is sieve analysgig
conducted for fine aggregates and coarse aggregates ?

|

Answer

i ss Modulus (FM) : .
.,.f M..“M.m,ﬂw. 2n indes of the fineness of the aggregate. The higher the FM

the coarser the aggregate. FM of fine mmmu..mmm»m is ﬁn?._ in estimating
proportions of fine and coarse aggregate in concrete mixtures. .
The fineness modulus (FM) for both fine and coarse mmmﬂmm.wﬁmm is
obtained by adding the cumulative percentages by mass retained on
eachofa .n.wmnmmmm series of sieves and dividing the sum by 100.

. _ T {(Cumulative % retained on specified seive)

o

ty

100
Sand Fineness Modulus
ine 2.2-2.6
Medium 26-29
Cozrse 29-3.2

B. Sieve Analysis:

1. Thisisthe name givento the operation of dividing a sample of aggregate
into various fractions each consisting of particles of the same size.

2. Thesieve znalvsisis conducted to determine the particle size distribution
in a szample of zggregate, which we call gradation.

3 .ﬁmm aggregates used for making concrete are normally of the maximum
size 80 mm, 40 mm, 20 mm, 10 mm, 4.75 mm, 2.36 mm, 600 micron,

300 micron and 150 micron. The aggregate fraction from 80 mm to

m.m mm is termed as coarse aggregate and the fraction from

-10mm 10 150 micron is termed as fine aggregate,

41 As vﬂmn w.m : Nwm.m%mw«.: : Fine aggregate : 6 standard sieves with
mnﬂmw ..wswﬁm L t04.75 mm. (150 wm, 300 pm, 600 wm, 1.18 mm,

5. Coarse Aggregate : 5 sieves with

A T o —.v.m.u._. m- a moag.
(475 mm, 10 mm, 12.5 mm, SEE.WMBMW rom 4.75 mm to

6. The <jze 4, .
& fize 4 on fraction appearing both in coarse
(CA and FA).

75 mm is a compm
aggregate and fine aggregate

0 oo
LT g

oy
\ BN
\ >
3.

)
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7. Grading patlern of o sample of CA or FA is assessed by sieving a
sample successively through all the sieves mounted one over the other
in order of size, with larger sieve on the top.

8. The material retained on each sieve after shaking, represents the

fraction of aggregate coarser than the sieve in question and finer than
the sieve above.

9. Sicving can be done either manually or mechanically.

Que 1.22, _ Explain different method of measurement of moisture
content of aggregates.

Following are the method of measurement of moisture cement of
aggregates:
1. Drying Method :

L The application of drying method is fairly simple. Drying is carried out
in an oven and the loss in weight before and after drying will give the
moisture content of the aggregate.

ii. Ifthedrying isdone completely at a high temperature for along time,
the loss in weight will include not only the surface water but also some
absorbed water.

iii. A fairly quick result can be obtained by heating the aggregate quickly
in an open pan.

iv. The process can also be speeded up by pouring inflammable liquid such
as methylated spirit or acetone over the aggregate and igniting it.

Q2. Displacement Method:
ln/f/..TllmPﬁrn.—m_uoqwme the moisture content of aggregate can be determined
by means of pycnometer or by using Siphon-Can Method.

ii.  The principle made use of is that the specific gravity of normal aggregate
is higher than that of water and that a given weight of wet aggregate
will occupy a greater volume than the same weight of the aggregate
when dry.

iii. By knowing the specific gravity of the dry aggregate, the specific gravity
of the wet aggregate can be calculated. _

iv. From the difference between the specific gravities of the dry and wet

_ aggregates, the moisture content of the aggregate can be calculated.

- § - -Electrical Meter Method :

i. - Recently electrical meters have been developed to measure
instantaneous or continuous reading of the moisture content of the
aggregate.

ii. The principle that the resistance gets changed with the change in
moisture content of the aggregate has been.made use of.

/\\\ ‘4. Automati> Measurement : o

1. In modem batching plants surface moisture in aggregates is
automatically recorded by means of some kind of sensor arrangement.
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Answer # . . —
.o Water from pifferent Sour :
Effects of Mixing i o esters s

Ground Water: presence of sulphat

njurious to concrete foundations.

2 SeaWaters Jlly contains 3.5 % of salts with about 75 % of

-~ The sea water gener : .
&&cﬂnzoaam.mwon:m & of chloride and sulphate of magnesium.

It has been found to reduce the strength of concrete by 10-20 % and

clightly accelerate the setting time.

awa rrosion of reinforcement.

w. The chlorides in se2 water may cause efflorescence in concrete.

«. The use of sea water is not recommended for wqwmﬁ.mmmm& concrete
because of stress corrosion and the small diameter wires.

vi. Ifseawatercannotbe avoided for making reinforced concrete, particular
precautions should be taken to make the concrete dense by using low
waterfcement ratio coupled with vibration and to give an adequate
cover of at least 7.5 cm.

4 Industrial Waste Water : When industrial waste water is used as

mixing water in concrete, the reduction in compressive strength is

I generally less than about 10 %.

4.  Water For Washing Aggregates :

When aggregates are washed with water containing impurities, they

get coated with layers of silt, salts and organic matters.

i These reduce the bond between the aggregates and ceme

markedly affect the strength.

5. Water for Curing :

P T, . . . .
\ r Mﬂwﬁs_ﬂnﬂ_ﬁm_—n_;m 5%.:12? and leading to stains is o_d.mnﬂo:mw_ﬂ.. ;
con SES:;«: Mmmu:m_“ w_mm:& to prolonged wetting, even a very 10

Water containing .».: o Bmz.on.:amw cause staining-

aining more than 0.08 ppm of iron is not recommende

Sea water may lead to co

nt and

curing

- —

uc 1.24, | E : i .
Q * Enumerate the varjous impurities in water havir®
deleterious effects on concrete .

d for

1.

1

3.

v
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Answer _

Impurities in water can be of following types :

Chlorides :

Chlorides can causc corrosion of the steel reinforcement and can
accelerate setting.

The water used may be contaminated with chlorides because of it
being sea water, the presence of admixtures and de-icing salts, or
deliberate chlorination for disinfection.

Sulphates : Sulphates can lead to the reformation of ettringite as well
as reduction of long-term strength levels.

Organic Matter : The effects of organic matter on concrete are varied.
If algae are present in water, it should not be used because it will affect

setting and strength development.

Sugar : Sugar retards the setting time. Tao much sugar may ‘kill’ the
concrete (i.e., it will not set).

Wastewater : It is best not touse wastewater. Alternatively it can be
used after proper testing and treatment.

Table m?,mm the typical limits of impurities in water as per 1S : 456-2000.

Solids uu@u.m&mmmzmy@mﬂr max. (mg/L)|
Organic |%
" Inorganic - 3000 B
—Sulphates — 400
—| C w0
" iL— For ummnmmnmmm‘mohu\amwwn\/‘%; 500
spen mm\%\\b ( T 2000 !

©00©
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Chemical and Mineral Admixtures

Introduction and Study of bnm&aw&o\a. Retardors, .QQ.E r mm.«?um\.u !
Air Entralriers, Water Proofers, Super Plasticizers.

CONCEPT OUTLINE : PART-1

Admixtures : It is defined as a material, other than cement, water
and aggregates that is used as an ingredicnt of concrete and is added to

‘thebatch immediately before or during mixing.

Types of Admixtures : According to the effects produced in concrete,
the admixtures are classified as :

~ A
Ui Accelerators. . - Lot By )
)\m.r. Water reducing admixtures. - (3 S3 BT
«iii- Refarders.” -

iv. Air-entraining agents.
UN“nm—mnmao-.m t These are the substances which when added to
concrete, mortar or grout, increase the rate of hydration of hydraulic
cement, shorten the time of set or increase the rate of hardening or
strength development. E.g., sodium chloride.

Retarders : These are the substances which retard the setting of
cement. E.g., sugar, soluble-zincsalts ete.

| ~Plasticizers : These are the substances which when added to concrete,
. increase workability without increasing the water content.

Air-entraining Agents : These are the admixtures which cause air
to be incorporated in the form of minute bubbles in concrete during
mixing to increase the workability and resistance to freezing and
thawing and disruptive action of deicing salts.

—

- Long Answer Type and Medium Answer Type Questions

Dzoﬁﬂ.r What is admixture ? Why is it used with concrete ? Also

give its types.

A, Admixture:

i Admixtures are materials used to modify the properties of fresh hardened
concrete.

-
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oncrete @

) », and .
ctrony, durable: <tures with €

using Adn? . the admixtures could be useq With

.on for ;
Reason poses for whicl

Following ar¢ the pur

Q.E.?:_,.“ ate the initial set of concrete, i.c., to speed up the rate of
M“,,HMM:“,Ma of strength at early #“e.n
To retard the initial set of concrete, 1.6
for placement.

. ,...oﬂru”“_m_oﬂw.ﬁzoﬁ.mw:w&a and pumpability of conerete,
. and concrete mixtures.

ducing the water content mum

to keep concrete workable fo , -

longer time
To enhance t
Te improve the vosm.ﬁ.q .
¢ segregation i grout

reduce th
Te of concrete by re

To increasc the strength

\ m - wf # m. . . _
_ 0 &Onﬁmmno MUm capulary m—Oﬂ« OA ﬂqmﬂmﬂ t _ua._umg (18) .
ﬁ. H—.ﬁﬂ@.ﬁ@ SQ ﬁo Increg
‘ 2\

in impermeability te liquids. . .a
To inhibit the corrosion of reinforcement in concrete.

To increase the resistance to chemical attack.

To increase the bond between old and new concrete surfaces.

Types of Admixtures : Following are the types of admixtures:

Accelerators.

Water reducing admixtures.
Retarders.

Air-entraining agents.

Que 2.2. _ Explain the accelerators with suitable example. Also

give the functions of accelerators.

bnmc..o,n i _

Accelerator : An admixture is use to speed up the initial set of concrete
is called accelerator.

Examples : Calcium chloride, sodium nitrate, calcium nitrate, ete.
Functions : Following are the functions of accelerators :

These are added to concrete either : :
To increase the rate of hydration of hydraulic cement, and hence 1
increase the rate of development to strength.

To shorten the setting time,

An :.ﬁ.wm?ﬁ. in the rate of early strength development may help in:
Earlier removal of forms,

f

A
N

g4 D (CE-Sem-5) Chemical and Mineral Admixtures

i, Reduction of required period of curing, and

Earlier placement of structure in service.,

3. Accelerating admixtures are also used when the conerete is to be placed
al low temiperatures.

4. The benefits of reduced time of setting may include :

i.  IBarly finishing of surface,

ii. Reduction of pressure on forms or of period of time during which the
forms are subjected to hydraulic pressure, and

ili. More effective plugging of leaks against hydraulic pressure,

5. With the availability of powerful accelerators, the under-water
concreting, the basement waterproofing operations, the repair work of
the waterfront structures in the tidal zones have become easy.

Que 2.3. | Describe the accelerator effect on the concrete

properties.

Aunswer
Following are the accelerator effect on the concrete properties :
1. Thegeneral action of accelerators is to cause a more rapid dissolution of

compounds of cement, particularly tricalcium silicate, in water and hence
facilitate more rapid hydration of these compounds.

2. The use of 2 % calcium chloride by mass of cement can reduce the
setting time by one-third and raise the one to seven day compressive
strength by 3 to 8 MPa.

3. Anincrease in flexural strength of 40 to 80 ¢ of one day and up to 12 %
at 28 days in obtained.

4. Large doses of CaCl, result in flash set of concrete and the ambient
temperature.

5. Calcium formate (a fine powder), which is somewhat less soluble than
calcium chloride and is less effective does not have the same adverse
effect on corrosion of embedded steel as CaCl,. It is added in the same
dosages. )

Que 2.4, _ Explain the role of admixtures in conerete technology.

Answer _

Following are the role of admixtures in concrete technology :
L. To Modify Fresh Property :

i.  Increase the workability without increasing the water cement ratio or

decrease the water content at the same workability.

ii.  Retard or accelerate the time of initial setting.
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25 w What is air-entrained co ;
ue 2.9. 2 What are factors affecting the air.

rete ?

Answer _

o

<]

e

ir-Entrained Concrete:: . i P
Air-En al creation of tiny air bubbles in concrete.
3 concrete maker introduces the bubbles by mm&bm. ko ﬂ:.w T an ajr
.u.,.ﬁ.u.FEn agent. The air bubbles are created during mixing of the
W.T,.am concrete and most of them survive to be part of the hardeneq

concerele.

It contains billions of microscopic air cells per n:vmm m.oon. .“.Eummm air pockets

relieve internal pressure on the concrete by providing tiny chambers for
cater to expand into when it freezes.

It is produced using air-entraining Portland cement, or by the introduction

of air-entraining agents, under careful engineering supervision, as the

concrete is mixed on the job.

Air-entrainment is the intern

The amount of entrained air is usually between four to seven percent of
the volume of the concrete.

Air-entraining Agents: Following are the air-entrainment agent used
in the concrete :
Narural wood resins.

Arnimal and vegetable fats and oils such as tallow, olive oil and their fatty
zcids such as stearic and oleic acids.

Various wetting agents such as alkali salts or sulphonated organic
compounds.

Water soluble soaps of resins acid.

Miscellancous materials such as sodium salts of petroleum sulphonic
acids, hydrogen peroxide and aluminium powder, etc.

-uunﬁ., Affecting Air Entrainment : Fg]
the air entrainment :

Ty,

lowing are the factor affect

pe and quantity of air entraining agents used
Water cement ratig of mix, .

26D (CE-Sem-h) Chemical and Mineral Admixtures

3. Type and grading of aggregates.
4.  Mixing time.

6.  Temperature.

6. Type of cement.

7. Influence of compaction.

8. Admixtures other than air entraining agents used.

Que 2.6. _ What are the effects of air entrainment admixture on
the properties of concrete ?

Effect of Air Entrainment on Concrete Properties : Following are
the effect of air entrainment on concrete properties :

Reduction in strength.
Improvement in workability.
Increased resistance to freezing and thawing.

Reduces the tendencies of segregation.
Reduces the bleeding and laitance.
Decreases the permeability.

Increases the resistance to chemical attack.

[+ RS T R < B N R

Permits reduction in sand content, water content, cost and heat of
hydration.
9. Reduces unit weight, alkali aggregate reaction and modulus of elasticity.

10. Enhance the durability of concrete against cycles of climatic freezing
and thawing and against the effects of de-icing salts.

ﬂﬂm wq What are the different types of superplasticizers ?

Types of Superplasticizers : Different types of superplasticizers are
as follows :

1. H.mn..ucwﬂ—ﬁ_uobmnom : These are derived from neutralization,
precipitation, and fermentation processes of the waste liquor obtained
during production of paper-making pulp from wood

Sulphonated Melamine Formaldehyde (SMF) : It is manufactured
by normal resinification of melamine - formaldehyde.

Sulphonated Napthalene Formaldehyde (SNF) : Produced from
naphthalene by oleum or S0, sulphonation; subsequent reaction with
formaldehyde leads to polymerization and the sulphonic acid is
neutralized with sodium hydroxide or lime.
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Que 21L m What zre the classifications of fly ash ? Also
of fIy zsh conerete.

Aoewer |

¢

e

i
i

™

i

Types of Fly Ash: Following are the two types of fly ash :
Clzss CFly Ash;

-

e
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Are ETrer

\is,u«u % m.\m...
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(
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4 durability performance.
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lower water Contey
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Porlznd cement only. ;
 +1e 2mount of 2ir entrainment, and concrete mixtursf
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#rom a2 liquid to 2 solid a few hours after pouring b}
ez mey take much longer. :
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\ll|\||\
It is not effective as a stahilizing agent by itself however, when mixed

jii.
with cither lime or lime and cement, the fly ash mixture becomes an

effective agent.
B. Uscs of Fly Ash ﬂo:aﬂn\ma : Fly ash concrete are used in :

1 gi_unn_\nmnnmmnn.,‘ Xl
‘9. ~Road stabilization.

3. ,-.A.xn.mq..o_‘::w concrete.

4 e

- .hm\\.mwmu‘m\.wabmngm.noanmm@.m.[. -
-1 5 W mgﬂmwﬂa:w\wmﬂ.l:wwwﬁ@. -

¥ \Q.E%Eughbn.gzﬁﬁmm.
(\.m Ready mix and precast application.

+ 8. Mass concrete section. _—

8 Yassd
Que 2.12. | What are the effects of fly ash on various properties of

concrete ?

‘Answer -

Hm».wmnm. of Fly Ash on Concrete : Following are the effects of fly ash

on concrete :
- _1—~0On Amount of Mixing Water :
i Theuse of fly ashin limited amounts asa replacement for cement or as
an addition to cement requires a little more water for the same slump
because of fineness of the fly ash.

ii. Itisgenerallyagreed that the use of fly ash, particularly as an admixture

rather than as a replacement of cement, reduces, segregation and

bleeding.
If the sand is coarse the addition of fly ash
for fine sands, its addition may increase t
given workability.

produces beneficial results;
he water requirement for a

tion of fly ash up to 30 per cent
but may be about equal at

may resultin lower strength at 7 and 28 days,
ter than 3 months

3 months and may further increase at ages grea
provided curing is continued. .
arly ages and higher at later
ages.

"4, On Curing Condition:Itis similar to Portland cem
ash and those having high

carbon content are more liable to increase drying shrinkage than the
~ finerfly ashes and those having low carbon content.
,,,\ 6. OnPermeability : The permeability of concrete reduces on addition of
fly ash to cement.

ent concrete.
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st presence of fly ash reduces the Moypg of

On Aar Entrainment : The

air entraming agent. 4 ,
on sotting Time @ A 307% cubstitution of fly ash may result in g
O o mitial <0 up to 2 hours.

inerease of intial cetting time

What is silica fume 9 How is it produced ? Give the

chemical camposition of it.

Answer _ i

A

1

Q

Silica Fume:

Silica fume. also known as microsilica, isa E.E.omc.ao of the reduction of
In.u.nE.:... quartz with coal in electric furnaces in the production of
silicon and ferrosilicon alloys.

Silica fume is also collected as a byproduct of the production of other
silicon alloys such as ferrochromium, ferromanganese, ferro magnesium,
and calcium silicon.

Chemical Composition:

It is mostly made of silica having silica percent more than 80.

The other chemical composition includes Fe,0,, A1,0,, CaO, MgO, Na,0,
K O in small percentages.

ue 2.14. _ What is the physical characteristics and functions of

silica fume ?

Answer _

A

O K

[ 8

i

o o

Physical Characteristics : Following are the physical properties of
silica fume :
It should be in premium white and standard grey colour.
The specific gravity of the silica fume concrete is 2.2.
article size is less than 1 micron with average diameter of 0.1 micron.
Its epecific surface area is Lo be 20,000 m?/ kg.
The chape of the particle is spherical.
It should be in amorphous in nature,

Functions of Silica Fum

i e : Following . ions of
silica fume - g are the various functt

212 D {(CFE-Sem-b)
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e hydration of Portland cermont produces many components, ineluding
calciugn silients hydrates (CSE) and calcium hydraoxide (CH).

The ndditionnl caleira silicate hydrates praduced by the silica fume i«
more reaistant to attack from aggressive chemicaln then the weakor
enleium hydroxide,

The silien fume is added to the calcium hydrozide for produce the
additional colcium gilicate hydrates to ohtain a very good compressive
strength can exceed 15000 psi.

\\..\.A.w:n. 2.15. | Explain the effects of silica fume on conerete properties.

;

’

Answer _

A
1.
1.

i

1ii.

Effect of Silica Fume on the Properties of Fresh Consrete :
Workability :

Reduced workability.

Water demand increases in proportion to silica fume added. Water
demand is 1 % for every 1 % replacement of cement.

Lower slump and more cohesive mix.

Bleeding and Segregation :

Bleeding is reduced as silica fume particles find their way in between
two cement grains.

Segregation is reduced has the concrete mix is more cohesive due to
increase in number of solid to solid contact points.

Time of Setting : The initial setting time and final setting time is not
greatly influenced. The increase may be 30 min or so.

Plastic Shrinkage : Since silica fume concrete show no bleeding, fresh
concrete is subjected to plastic shrinkage.

Effects of Silica Fume on the Properties of Hardened Concrete :
Drying Shrinkage : Long term shrinkage of concrete is not affected
significantly by the addition of silica fume.

Creep : The creep of concrete containing silica fume will ke lower than
corresponding Portland cement concrete.

Chemical Resistance : A mgjor reason for the improved resistance of
concrete to acidic and sulphate waters is the reduction in the Ca(OH),
content of the cement paste, which decreases linearly with the amount
of silica fume added.

Alkali Aggregate Reaction : Less than 10 % of silica fume is found
adequate for reducing the alkali aggregate expansion as compared to fly
ash which requires 30 %-40 % replacement.

Strength : Strength of 62-80 MPa can be casily achieved.
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A Advantages of
fume :

1 Lowersconcre B
o Significantly increases concrete durability.

ases ultimate strength gain.
all types of high stre

strength to steel.
_silica reactivity.
rseawater attack.

Silica Fume: Following are the advantageg of sl

te ?...Eouv::.ﬁ

3 Incre
4. Beneficialin
5. Improves bond

Significantly reduces alkali
nt resistance to sulphate o

ngth 8:2.2,0 applications,

- Provides excelle
Reduces steel corrosion.
HH:E.Oa.Pn freeze/thaw mﬁﬂmwm:pu‘ of concrete.

B. Disadvantages of Silica Fume : Following are the disadvantages of
silica fume :
Silica fume concrete shrinkage rate is a large.
Silica fume concrete workability is poor.

It is easy to produce temperature cracks.

Uses of Silica Fume :

For production of high strength concrete, corrosion- resistant concrete,
abrasion-resistant concrete, and low permeability concrete. -

Used to make sewer and manhole repair products. Reduces rebound in

shoterete application.

—

1~
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Que 2.17. | What is ground granulated blast furnace slag (GGBS)T
What are its benefits and also write down the chemical composition

of the slag GGBS.

Answer _

A Ground Granulated Blast Furpace Slag (GGBS) :

L The bl ace slagr is
_Ewwﬁw" ?Mw,_no v_ﬁ.wr 15 a byproduct of the iron manufacturing industr):
molten ”.;MM MM_HM:_W%E:Q are fed into the furnace and the u.umcﬁsd
s a / ) .
1500 °C to 1600 °C, ove the molten jron ut a temperature of abov

214 D (CE-Bom-5)

2.

.
1

Chemical and Minoral Admiztures

Tho molten alog hon n composition of ahaut 50 % ta 40 % BiO, and about
40 % Cn03, which is closo to the chemical camposition of Portland cement.

Bonefits of GGBS In Concrete :
ent of Hydration Cradual hydeation of GOBS with cament generates
Jower heat than Portland cement, This reduces thermal gradients in the
concrote.

Water Demand : GGBS in a glasay material and its smoother surface
requires less water to adequately cover the particles.

SettingTime:1 nereased setting time may be advantageous in extending
the time for which the concrete remaing workable and, may reduce the
risk of cold joints.

Appearance:
GGBS cement also produces a gmoother, more defect free surface, due

to the fineness of the GGBS particles.
GGBS is cffective in preventing effloreacence when used at replacement
levels of 50 % to 60 %. .

Bleeding : GGBS reduce bleeding than that of Portland cement and
therefore reduces risk of delaminations.

Workability : GGBS particles are leas water absorptive than Partland
cement particles and thus GGBS conerete is more workable than
Portland cement concrete. For equivalent workability, a reduction in
water content of up to 10 % is possible. !

Sulphate Resistance: GGBSisa sulphate-resisting, specifying GGBS
at 50 %-70 % content gives optimum protection against sulphate attack.
Alkali Aggregate Reaction (AAR) s GGBS reduce the deleterious
effect of AAR due to its low reactive alkali content and its ability to
inhibit AAR.

Chemical and Mineralogical Composition of the Slag:

Parameter Percentage
Sio, 37.73%
ALO, 14.42%
Fe,0, 1.11%
Ca0O 3734 %
MgO 8.71%
MnO 0.02%
Sulphide sulphur 0.39 %
Glass contont (%) 92 -95%
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Anzwer _

Frlconiny are the ey of GORBS (0 oonerete

»

i (255 T eerd 2 ey . ‘ s 2
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9. Acuncreteiszaid o be high strength conerete if its eompressive strength
is more than 40MPa.

3. Metakaolin is prepared by caleination of kaolin (clay mineral) at zn
temperature of 650-200°C. It has pozaslanic properties.

4. Chemical formula of Metakaolin is ALO, 2810, 2H,0

5. It reacts with CafOH), one of the by-products of hydrztion reaction of
coment and results in zdditional C-S-H gel which results in increased
strength.

B. Advantages of Metakaolin : Following are the advantages of
metakanolin :

1. Strength and durability of concrete increzses.

9 Acceleratesinitial setting time of concrete,

3, Comprezssive strength of concrete increases by 20 %.

4. Crozs gection of structure can be reduced safely i.e., amount of concrete
used can be reduced.

5. Reduces ghrinkage in concrete.

6. Eco-friendly by reducing amount of CO, emission.

7. Reduces heat of hydration leading to shrinkage and crack control

C. Disadvantages of Metakaolin : Following are the disadvantages of
metakanlin :

1. Inereased cost price.

2. Higher water ratio.

3. Workability.

4. Additional raw material.

5. At low addition rate increase shrinkage.

A. Chemical Composition of Metakaolin :

Chemical Composition Percentage (%)
Silica (5i0,) 54.3
Alumina (ALQ,) 383
Ferric oxide (Fe,0,) 428
Calcium oxide (CaQ) 0.39
Magnesium oxide (MgO) 0.08
Sodium oxide (Na,0) 0.12
aMM.!E:Em:S oxide (K,0) 0.50
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Physical Propertics of Mctakaolin
Vs
Physical form — ?:,.mw_. )

- ness of metakaolin =7
Fineness of metax = .
Color of metakaolin — % hite/grey
Specific gravity = 2.50 y
S £ S

Specific surface - 8t0 15 m*/g.

Ve 0310 = )

o

Answer _

Application of M :
Nuclear power stations.

2-17D (CE-Se

00 to 900 m/kg

“ icati takaoline.
Que 2.22. | Write down the application of me!

atakaolin : It can be used in constructions of ;
2. Mass concreting,

L 2 . M.
3. Off shore structures. 4, H.b.mr rise building.
5 Waterretaining structures 6. Bridges.

7. Dams.

Que 2.23. { What are the difference between fly ash and GGBS ?
Answer
m _ Fly Ash GGBS
| Source It is obtain from the | It is obtain by quenching
! combustion of powdered coal | molten iron blast furnace
| in electric generating plants. | slagin water or stream.

{ Consistency | It is a byproduct of electric
i power generation that varies
_ from source to source.
|
|
[

It is a co-product of a
controlled process, iron
production, which resultsin
a very uniform comppsition
from source to source.

{ Chemical Fly ash usually contains very
composition | high Si0, and ALO,, but very
low in Ca0 (< 2 %)

|
|
|

It has very similar chemical
compositions to ordinary
portland cement. Such as
30-40 % Ca0, 35-38 % Si0,,
10-18 % Al,0,, 10 — 18 %
MgO ete.

Permitted In OPC is 15-30 % but not
replacement | more than 30 4, concrete

- ]
Fly ash does not take part in
hydration aclivity,

{ Hydration

activity

GGBS in OPC or concrete
is25-78 %

GGBS take part in

hydration activity.

= Tohadvity, |
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Mix Design and
Rhealogy of Concrete

Part-1 (3-2D to 3-11D)

* Principle of Mix Proportioning

® Properties Related to Mix Design
® Mix Design Method (ACI and IS)
® Mix Design of Concrete

® Packing Density

A. Concept Outline : PArt-I .oeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeee oo 3-2D
B. Long and Medium Answer Type QUeStiOnS .o.eeoeovoooon. 3-2D
Part-2 (3-11D to 3-24D)
® Rheology . .

® Mix Design Examples
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Principic 0

Mix Desipn and Rhicalogy of Co

“\f;y Proportioning, Propertics F.E?& “mu Mix U.._m__.wﬁ__.;
f Mix J_wcm (ACI and 18), Mix Design of Concre,, 5
. Packing Density. ;

Mix Design Me

CONCEPT OUTLINE : PART-1

peortions : According te IS 456 : 2000 gnqg

Principles of Mix Pro { concrete mix should be based on mc:oﬁun

1S 1345 - 1980 the design 0
principles” .
Grade designation.

o

wr Tvpe and grade of cement.

i Minimumnominal size of aggregate.
iv.  Grading of combined aggregate.

v.  Watercement ratio.

vii  Workability.

vii.  Durability.

vif, Quality control. ) )

Concrete Mix Design : It is a process of selecting suitable ingredients
for concrete and determining their proportions which would produce,
as economically as possible, i.e., concrete having a certain minimum
compressive strength, workability and durability.

Factors of Mix Proportioning :

i Water-cement ratio.

o Cement Content or cement-aggregate ratio.

ii.  Gradation of the aggregate.

iv.  Consistency. .
Methods of Mix Design : Following are the various method of concrete
mix design :

L ACI mix design method.

L Indian standard recommended method for mix design.
Exhuaaﬁrom?_.g &mm_.ﬂuﬁn.

its types and objcctives,

[

_ Questions-Answers

_.[Fc:m Answer Type and Medium Answer Type Q..:om:obz.. :

What do you menn by ‘mix design’ in concrete ? Explat®

Concrete Technology
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1

2.

3.

B P

® N ;o;

@<

——

Answer

Concrete Mix Design : Mix Design is the science of determining the
relative proportions of the ingredients of concrete to achieve the desired
properties in the most economical way.

ATHW. Types of Mixcs : Following are the types of mixes -

Nominal Mixes : In 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

mnnl._un—m@g'.mubwuumhpmm.mocoVNm mmmﬁdﬁmn. nvmnobnﬂmgaimmgg
“anumber of grades as M10, M15, M20, M25, M30, M35 and M40. In this
designation the letter M refers to the mix and the number to the

specified 28 day cube strength of mix in N/mm?2.

Design Mixes : In these mixes the performance of the concrete is
specified by the designer but the mix proportions are determined by
the producer of concrete, except that the minimum cement content
canbe laid down

Objective of Mix Design : Following are the objective of mix design:
To achieve the designed/desired workability in the plastic stage.
“T6 achieve the desired miniraum strength in the hardened stage.

To achieve the desired durability in the given environment conditions.
To produce ¢oricrete as mmmmﬂonmnﬂ_u. aspossible. 7 —u—__

- tl|,‘,l,|| -
Que 3.2, _ What are the various principles of proportioning of

mix design ?

bbmﬂ.-mn.. _

Principles of Mix Design : Following are the various principles of
mix design :
The environment exposure condition for the structure.

The grade of concrete, their characteristic strength’s and standard
deviations.

The type of cement.

The types and sizes of aggregates and their sources of supply.
The nominal maximum sizes of aggregates.

Maximum and minimum cement content in kg/md.

Water cement ratio.

The degree of workability of concrete based on placing conditions.
Air content inclusive of entrained air.

A S —————
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density of concrete.
nun {emperature of fresh concreto.
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r Mixing and curing.
ritics present init.
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3. The sour€ R
13 1g water / cement ratio law apg iy

Dﬁ:w rv.oiw. — HU__A. Cuss .:—Q \f—:.u::.
rnr——nm tv. m—og m»—ﬂ—:m&—— Qm ﬁcn.-nnﬁﬁﬂ 15 ﬂmﬁuauﬂﬂm —.v% ul —Un-m ’
w.
1

swer 3 .
Towwer |t Ratio Law:

s, 7
Abram's W :»“Mnd:.m Jaw the strength of fully yi‘nu@..mmn&mm conerety,
: ﬁ%chmosu_ to zﬂoﬂﬂmnma.nmﬁmﬂﬁs.
p -{o-cement ratio is the relative weight of the water,
he mixture. For most applications, é.mmm?g-nmag.
0.4 and 0.5, lower for lower permeability and highe,

minimum

1 Accordin
jnversely
Here the water
the cement in t
should be between
strength.

Validity : If ot proper
large valids, which nonﬂ. :
ratio where full compactionis

o

ly compacted, the concrete mix will contaiy
ibute to porosity. Thus, at low water/cement
hard to achieve, Abram’s law is not valid

Expression :
1. According to Abram’s law,

A

B
- logF=logA;—xlogB;

compressive strength can be expressedas:

where, F = Compressive strength of concrete.
A,, B, = Constant.
x = Water cement ratio by weight. y
Que 3.4. | What are the different factors in the choice of mix

proportions ?

Answer _

Factors Influencing Choice of Mix Desi ding to 1

° esign : According %
456:2000 and IS 1343:1980 following are the factor affecting the desi¥"
of concrete mix :

L Grade of Concrete :

L .:am T.—DQQ cn, concrete JIVE, aract n—m‘.—ﬂ OOH.:_U— esst
S GT
g cle

ii. The grade M20 denotes

. {
20 N/mm?. characteristic compressive strength h* ¢

Conerete Technolopy

———

1
/et ~r
i v
. :
7 Py
L2 1
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the concrete

Depending upon the degrer of control available at site,
mix is to be designed for a target mean compressive strength (f )
applying suitable standard deviation.

Type of Cement :

The higher the strength of cement
ecment content.

The use of 43 grade and 53 grade of cement, gives saving in cement

7 and 25 % respectively, as compared to 33

¢ in concrete, lesser vali be the

consumption as much as 15
grade of cement.
Maximum Nominal Size of Aggregates :

It is designated by the sieve size higher than larger sizeon which 15 %
or more of the aggregate is retained.

The maximum nominal size of aggregate should not be more than
one-fourth of minimum thickness of the member.

For heavily reinforced concrete members as in the casc »f ribs of main
beams, the nominal maximum size of the aggregate should usually be
restricted to sum less than the minimum clear distance between the
main bars or 5 mm less the minimum cover to the reinforcement,
whoever is smaller.

Grading of Combined Aggregates :

The relative proportions of the fine and coarse aggre sate in a concrete
mix is one of the important factors affecting the strength of concrete.
For densa concrete, it is essential that the fine and coarse aggregate be
well grad:i.

Maximum Water/Cement Ratio : The lower the water/cement ratio,
the greater is the compressive strength.

Workability : "Vorkability of fresh concrete determines the case with
which a concrete mixture can be mixed, transported, placed. compacted
and finished without harmful segregation and bleeding.

Durability :

Durability require low water/cement ratio.

It is :.m===% achieved not by increasing the cement content, but by
lowering the water demands at given cement content.

(<m€._. demand can be lowered by through control of the aggregate
grading and by using water reducing admixtures.

Que 3.5. _ Write short note on quality control of concrete.
gmﬂé—. _
1.

H_u_._o strength of concrete varies from batch to batch over a period of
ime.
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M||w|.m\|_ Discuss the statistical quality control of concret,
ue J -

Explain co
concrete.

Answer _

A Statistical Quality Control of Concrete :
1

to

Mix Design and Rhealogy of Gy,
2.1:
zmas.
ariations i EF—_.@”“
process, variations in the Quag;, ]
lable, the quality of mcva..sm_
iy

D aﬁm.-h».—.:.mu

. conerete ma
yarinbility inthe .ﬁ?:ﬁw ;opm woncs :.:Snwmwm N
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\ to variat1ol o
a:. ».rm Edﬁo:::_m due 3.5;@:» Mﬁ:
ng ”.srim and mixing cquipm
atc :

and ..,.E‘rEu:.nr:...

s g are inevitable during production to varying deg
ations <

ose VAT c s in lowerin i
Hhgse : <o variations 18 important 1n 1o ti g the diffey,
Controlling thes¢ um strength and characteristic mean strey,

1

.
stween the mini : haracter®

ﬂ?h.wn .Sn;onao_.mm:ﬁum the ceme

Hf..

i controlling this difference is quality control.
r Sedl
The facto control is wltim ately evaluated _cx the variation in f
The anqm_mmdr..umé_.mnm od in terms of the coefficient of variatioy,
results usualtly €=

2,

muﬂ
gth o

mmeon terminology used in statistical quality contyg o

Statistical quality control method provides a scientific approachto g,

concrete designer to understand the realistic variability of the materigl; )

v

<o as to lay down design specifications with proper tolerance to cate
for unavoidable variations.
The acceptance criteria are based on statistical evaluation of the test
result of samples taken at random during execution. By devisings
proper sampling plan it is possible to ensure a certain quality ata
specified rise.
Thus the method provides a scientific basis of acceptance whenisnot

3-7D (CE-Sem-5)
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Siandard Deviation :

This is the root mean square deviation of all the results, is denoted by
s or a. Numerically it can be explained as,

3.

where, o = Standard deviation.

n = Number of observations.

x = Particular value of observations.

x = Arithmetic mean.

Standard deviation increases with increasing variability.

5 The characteristics of the normal distribution curve are fixed by the
average value and the standard deviation.

4. Coefficient of Variation :

It is an alternative method of expressing the variation of result.

ii It is a non-dimensional measure of variation obtained by dividing the
standard deviation by the arithmetic mean and is expressed as :

v=2x100
X
V = Coefficient of variation.

where,

Que 3.7. _ Step by step explain the American Concrete Institute
method of mix design.

Aggwer
Following are the steps in American Concrete Institute method :
1. Data to be Collected :

only realistic but also restrictive as required by the design requirements
for the concrete construction.

Common Terminology : The common terminologies that are used
in the statistical quality control of concrete.
Mean Strength : This is the average strength obtained by dividing
the sum of strength of all the cubes by the number of cubes.

- x
X= —

n
where, X = Mean strength.
Lx = Sum of the strength of cubes.
n = Number of cubes.

Variance - Th. :
Eﬂaﬂbno : This is the measure of variahility or difference betwee?
¥ ebserved data from the mean strength

i Fineness modulus of selected fine aggregate.

ii. Unit weight of dry rodded coarse aggregate.

ili. Specific gravity of coarse and fine aggregates in SSD condition
iv. Absorption characteristics of both coarse and fine aggregates.
v.  Specific gravity of cement.

2. From the minimum strength specified, estimate the average design
strength by using standard deviation.

3. TFind the water/cement ratio from the strength and durability points of
view. Adopt the lower value.

4. Decide the maximum size of aggregate to be used. Generally for RCC
work 20 mm and pre-stressed concrete 10 mm size are used.

5. Decide workability in terms of slump for the given job.
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10.

Similarly the :
calculated in oné cubic me .
The solid volume of FA is computed by subtracting from ty,
,.Mwawm. of concrete the solid volume of cement, CA, water and e,
mMHlu - -

Weicht of fine aggregate is calculated by multiplying the solid volng L
of fine aggregate by specific gravity of FA.

1L iy
toty
appy

yzs Que 3.8. ﬂ Step by step explain the IS method of mix Proportioniy

= II‘I._
Answer

Following zre the steps of IS method of mix design :
Step 1: Calculation of Target Strength of Concrete :

Target strength is denoted by f, which is obtained by characterist;
compressive strength of concrete at 28 days (f,,) and value of ﬂﬁ%

deviation (5) e —
fi=fp+1.65x%0
Standard deviation canbe taken from below table 3.8.1.
PR Table 2.8.1.
7 ]
..Au_\r \_\ Grade of concrete Standard deviation nZ\BB.a
LA
s M10 35
i Mi5 3.5
M20 4.0
| M2z5 4.0
{ M30......80 on 5.0 \\\\\\.
Step 2: Selection of Water-Cement Ratio :
Water cement ratin oo i 3
nrwﬁwﬁ cement ratio is selected from the below curve for %

acteriey .
teristic compressive strength of concrete.

Confrote Technology
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Step 3 : Determination of Aggregate Air Content :

Air content in the conerete mix is determined by the nominal maximum
size of aggregate used.

Below table will give the entrapped air content in percentage of volume
ofconcrete.

Table 3.8.2.
Nominal Maximum Size , Air Content
of Aggregate (¢ of Volume of Concrete)
10 mm 5%
20 mm 2% .
40 mm 1%

Step 4 : Selection of Water Content for Concrete :

Select the water content which is useful to get required workability

with the help of nominal maximum size of aggregate as given in below
table 3.8.3.

The table given below is used when only angular shaped aggregates
are used in concrete as well as the slump should be 25 to 50 mm.

Table 3.8.3.
Nominal Maximum Maximum Water Content
Size of Aggregate S
10 mm 208
20 mm - 186
40 mm 165

Step b : Selection of Cement Content for Comrcrete : Water-cement
ratio is determined in step 2 and quantity of water is determined in
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s 1 oo easily ealculate the quintity :mn....:,:::\ from 1)
stop-4. 7..._..,..__.,:“*_.: the value obtained should satisfy he :::553
wo 2_.:9:::,‘. en m,: the table 3.8.4. The greater of the ty,, S__c_.._s
conditions a® E1°C v of coment content. C4 iy

docidd as quantit

9.8.4. Cement Content for PCC and RCC

Table
i Cement | Max Free sﬁmen M

Exposure ZMMHM”.” feim® | Coment Ratio

~poc | RCC | PCC | RCC
Mild 220 300 0.6 0.55
Moderate 240 300 0.6 0.5
Severe 250 320 0.5 0.45
Very severe| 260 340 0.45 0.45
| Extreme 280 360 0.4 0.4

Step 6 : Calculation of Aggregate Ratio : For the given noming]
maximum size of aggregate, we can calculate the ratio of volumes of
coarse aggregate and volume of total aggregates for different zoneg of
fine aggregates from the below table. s

Table 3.8.5.

Nominal Ratio of volume of coarse aggregate and- ||

EmeEanmuma.o_cawon.bﬂm._mmmn.mnmnmmon&mmmgn» Noﬂﬂm
of aggregate |- of fine aggregate e

Zone-1 | Zone-2 Zone-3 Zone-4
10 mm 0.44 0.46 0.48 0.50 -
20 mm 0.6 . 0.62 0.64 0.66 =)
40 mm 0.69 0.71 0.73 0.75

Step 7: Calculation
elready determine the
ageregate volume. S, it g
will give the volume of fi
Mass of fine aggregate j

of Aggregate Content for Concrete : We

very easy that, 1- volume of coarse aggrega!e
ne aggregate,
s calculated from below formula
V= |w. & a1 FA w1

L G la-A7 6, )" To00
Similar]

arly, Bmmm, ate is cale dated from below wau.BF_w.
V=lw. L [1,ca) 1

x

- A.Nn p -ﬂn-nn 1 OO Q

of coarse aggreg

-oarse aggregate volume ratio in the total

|
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where, V= Volume of concrete,
W = Water content,
C = Cement content,
U _ = Specific gravity of cement.,
P = Aggregate ration obtained in step 6.
FA and CA = Masses of fine and coarse aggregates,
G and G, = Specifig gravities of fine and coarse aggregates.
Step 8: Trial Mixes for Testing Concrete’ Mix Design Strength:
Based on the values obtained above, conduct a trail test by making at
least 3 cubes of 150 mm size as per above standards. Test that cubes
and verify whether the required strength is gained or not. If not,
redesign the mix with proper adjustments until required strength of
cube occurs.

u

PART-2 : : R

Rheology, Mix Design Example.

CONCEPT OQUTLINE : PART-2

Rheology : It may be defined as the science of the deformation and
flow of materials, and is concerned with relationship between stress,
strain rate of strain and time.

Effective factors of rheology properties of concrete

i Hardening and stiffening.

ii. Aggregate shape and texture.

iii.  Aggregate grading.

1Iv.  Admixtures.

Questions-Answers

- Long hrmﬁn-.,q.v‘—um and Medium Answer n/.\ﬁo 0=mm».mc:m "

| What do you mean by Rheology of fresh concrete ?
Explain the parameters of Rheology.

[Answer
1.

Rheology : It may be defined as the science of the deformation and

flow of materials, and concerned with relationships between stress,
mﬁn:m:. rate of strain, and time.

2. The term rheology deals with the materials whose flow properties are
more complicated than of simple fluids (liquids or gases).
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b ved

The stability of concrete is measured by its segregation and Eo&a
chararteristices,
Mobility :

The mobility of fresh concrete is its ability to flow under momentu

anmum?«.w.?E%HSmowmbmnm_mr.mmmmm.‘Hrmmoimm restricted by
cohesive, viscous and frictional forces. 5

Tre cohesive force develops due to adhesion between the matrix and

egeregate particles. It provides tensile strength of fresh concrete tha
Tesists segregation, ,

The viscosity
aggregate pa
matriy.

The interna] friction oce
ageregate particles

of the matrix contributes to the ease with which i
rticles can move apd rearrange themselves within 1

urs when a mixture is displaced and o
translate angd rotate. _

The resistance ; :

mmﬁﬁ.mhmnﬂmmﬂnﬁ_mﬁem:oz depends on the shape and texture QEM
the type of cemen EM;M “f'the mixture, the water-cement ratio, "
OQBqumE:G :

It Measures the

. ds
Pe_.._._vnn,::n consj
SERTCRate partc]
Compictabiliyy

_c With which freg, concrete is compacted.

MJ mwﬁamcn_::n entrapped air and nozommao@_

. ddense musg EmpTOEP nﬁﬁmmb@ mwﬂﬂmmﬁfo?

s meg | X b
“sured by the compacting factor test.

m%

Concrete Technology

Que 3.10. Describe the Bingham model of Rheology of fresh

concrete.

Answer _

1

The flow behaviour of fresh concrete does not conform to Newtonian
liquid.

The ratio of shear stress to shear rate is not constant but depends upon
the shear rate at which it is measured, and may also depend on the
shear history of the concrete sample being investigated.

However, at low shear rates that are important in practice, the
behaviour can be represented by a straight line which does not pass
through-the origin, i.e., which has an intercept on the stress axis.
The intercept indicates the minimum stress below which no flow cecurs.
The fact that concrete can stand in a pile (as in the case of the slump
test) suggests that there is some minimum stress necessary for flow to
occur at all.

The minimum stress is called yield stress and designated by the symbol
7,- Thus the simplest flow equation of concrete illustrated in

—Fig. 3.10.1 can be written as :
a i

.
nLW Second experiment
JE = point required
( " w to fix the line
o~ g S
m ° I Slope = V/
P 7 i pe = LUpn
L= ]
- [ Experiment point
\u'O D)
as
5 .
g =Ty Shear stress,
Fig.3.10.1. Bingham model.
TR o >
where, _—— tg=Xield value indicating the cohesion of the
Emﬂmlm_. )
n J.Oomm~9=~ having the dimensions of viscosity
and termed plastic viscosity.
7. This mathematical relationship is called the Bingham model.
8.

Bingham model relates the shear stress of the material expressed in

terms of its cohesion to plastic viscosity, and the rate at which the
shear load is applicd.
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Answer _

2,

poffect of [thenlagenl Propoerties on Different Types of Conerete,

Different types of concretes
7T R vho thoree Al sl relations
vypee o rnipepetae npel the rhiealugieal parametera,

.
g ted s rdiflerert

For Fxnmple:

Comnpared U referenen CUnETEte, a wet cngerete can e prodeced by
decrenning both yield atrezs znd plas
concrete can ta produced by inereazing the yleld stress.

Initially, addition of nilics fusrnits ddecreamen vty (inse particle content

incrennes the flow ), whereas ighes osage iNcresnes the yield air
sin el sn incnnity.
i

> sufr

¢ viseraity, wheress a ziffer
C VIACLALY, WNETE23 A ZLLIET

2R

Viscous

ield

arwv:

1234

.\
She

Plastic viscosity, p —==

Fig. 3.12.1. Different typea of concrete with
renpect to =a.t. nvwﬂ.mn\gla,ﬁmu‘

Different Additives : The effect of air, water, and other minera

athmixtures on rheological parameters of concrete ia shown in
Iigg. 3.12.2.

1 Silica fume

.: _.1:3_:::... .
.ﬁm ‘/ﬁ \ H\...nr_.sbz..u.
|_m Air &\\M /

9] More wator \

Ll Fly ash

More paste

sp

Plnstic viacosity, § —ps

I, 8.12.2, Effect of air, water, nnd mineral adwmixtures on -
Mow churacteristics of concrote, e
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Fig. 3.12.3. Rheological propertics of normal
and self-compacting concrete.

Que 313, _ Designa concrete mix (by ACI method) for construction

of an elevated water tank. The specified design strength of concrete
(characteristic strength) is 30 MPa at 28 days measured on standard
cylinders. Standard deviation can be taken as 4 MPa. The specific
gravity of fine aggregate and coarse aggregate are 2.65 and 27
respectively. The dry rodded bulk density of coarse aggregate is
1600 kg/m?, and fineness modulus of fine aggregate is 2.80. Ordinary
Portland cement (Type I) will be used. A slump of 50 mm is necessary.
Coarse aggregate is found to be absorptive to the extent of 1 %and

free surface moisture in sand is fe c other
essential data, ound to be 2 %. Assume any

Answe _

I Acsumi

s11 n,w,:nw 2 Per cent of results are allowed to fall below specified desg?
strength. The mean strength

\.:.. = \.3:; + NNO.
_. . =30+164 =
5 S G - : 04 x 4 = 36.56 ~ 36.5 MPa .
. e “ed, from ACI 2111 : 1991, the estimated wic ratio
L This wie ratig from strep
maximum ;
ACIZ2111 :

&th point of view is to be checked mnww_w
0 for special exposure condition Eive®
mum of the two is to be adopted.

wle ratig give
1991 and min;

Cancrete Technology
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il

From exposure condition ACE 211.1 : 1991 the maximum wic ratio
i1 0.50

Therefore, adopt w/c ratio of 0.47.

From ACI211.1: 1991, for a slumpof 50 mm. 20 mm maximum size of
aggregate, for non-air-ent rained concrete, the mixing water content is
185 kg/m” of concrete. Also the approximate entrapped air content i3

2.
; _ 185 . 5
The required cement content = YT = 394 kg/m
From ACI 211.1 : 1991, for 20 mm coarse aggregate, for fineness
modulus of 2.80, the dry rodded bulk volume of coarse aggregate is
0.62 per unit volume of concrete.
Therefore the weight of coarse aggregate = 0.62 x 1600 = 992 kg/m3.
From ACI 211.1: 1991, the first estimate of density of fresh concrete
for 20 mm maximum size of aggregate and for non-air-entrained
concrete = 2355 kg/m3.
The weight of all the known ingredient of concrete
Weight of water = 185 kg/m?
Weight of cement = 394 kg/m3
Weight of CA = 992 kg/m?
Weight of FA = 2355 — (185 + 394 + 992) = 784 kg/m?
Alternatively the weight of FA can also be found out by absolute volume
method which is more accurate, as follows :

number

Absolute volume
em?

Weight
kg/m?

Item Ingredients

394
3.15

394 x 108 = 125 x 10°

1. Cement

ExucunummxHou

2. Water 185 1

2
@x 10% = 367 x 103

3. Coarse aggregate 992 27

Pu_h 10° =20 x 10°

4. i
pr 100

Total absolute volume = 697 x 10% cm®
Therefore absolute volume of FA = (1000 —697) x 10° =303 x 10%cm?
Weight of FA = 303 x 2.65 = 803 kg/m?
Estimated quantities of materials per cubic meter of concrete are :
Cement = 394 kg
FA = 803 kg
CA = 992 _ﬁn
Water = 185 kg
Density of fresh concrete 2374 kg/m® as against 2355 read from
ACI211.1:1991,
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Proportions:

Fine Aggregate

Weicht of materials for one bag mix in kg=50:102:126: 235
yeigal O ddat -
els e quantityis on the basis that both FA and CA are in sat

The abo 0
——d surfzce dry condition. .
aslia Tl e 7 ) 5
. ama to be adjusted for the field con
11. The proportions are required j E_ucE. ;
hzs moisture of 2 per cent.

. 2
re N ,...1.0m mﬁ.m.nwﬂm Hﬂowmﬂﬂ.ﬂm mn M»W” Mg. xX mow = Hm.om EB@

L fotai oo

. “eight of FA in field condition
Weight o ~ - 503 +16.06 = 819.06 kg/m®~ 819 kg/ms

1
itv of water absorbed by CA = 100 x 992 = 9.92 kg/m?3
ight of CA in field condition
=992-9.92=982.08 kg/m® ~ 982.0 kg/m?
v  With regard to water, 16.06 kg of water is contributed by FA gy
9.92 kg of weter is absorbed by CAL

=S

o

Tnerefore 16.05 — 9.92 = 6.14 kg of extra water is contributed by

nisquantity of water is deducted from total water

12. Guartities of materials to be used in the field duly corrected for free
surfece moisture in FA and absorption characteristic of CA
Cement = 394 kg/m®
FA=3819kg/m?

CA = 982 kg/m®

. Water=179kg/m?
fieid density of frech conerete = 2374 kg/m? )

Que 3.14. H Design a concrete mix for M45 grade of concrete wilh
the following data :

L  Typeofcement

w. z.FiS:E size of aggregate WWNW grades

M.. m;.nvo.mcma. Condition Severe (RCC)

. Mint e 90 hg It

6. Maximum W/C -wmnmv“:ﬁﬁan a0 kg /mt

N“ W*..m.:'.cm of placing concrete N“.N ing

o 1 -h__un.un.nwn Bupervision Qoo&v

I5. Super ol ETCHate C lar A8F
f plasticize. rushed angd

r willbe uged
of coarye aggregate

—
—

- Specifice gravity
280

Concrete Technology

12.
13.

14.

3~19 D (CE-Sem-5)

Specific R..:c.:v, of fine aggregate
Wnater absorption
Coarse nggregate

2.7

0.5 percent

Fine aggregate 1.0 percent
Frece surface moisture

Coarse aggregate il

Fine aggregate il

Grading of coarse aggregate conforming to Table 2 of IS 383.
Grading of fine aggregate conforming to grading Zone II.

Answer _

1

o

Target Mean Strength :
Characteristic strength £, ,= 45
Target mean strength, /', =f,+ 1.65x 6 =45 + 1.65 x5 = 53.25 N/mm?
Where o is the standard deviation taken as 5 N/mm?.
Water/Cement Ratio :
Water/ Cement ratio is taken from the experience of the mix designer
based on his experience of similar work elsewhere.

W/Cratio=0.42
This water cement ratio is to be selected both from strength
consideration and maximum w/c denoted in Table 5 of IS 456 and
lesser of the two is to be adopted durability requirement.
W/C proposed is 0.42. This being lesser than 0.45, we should adopt
W/C ratio as 0.42.
Selection of Water Content :
Maximum water content as per table 3.8.3 is 186 litre. This is for 50 mm
slump.
Estimated water content for 125 mm slump

=186 x Mw.m + 186 = 203 litre

(3 % increase for every 25 mm slump over and above 50 mm slump)
Really speaking separate trials are required to be done to find out the
efficiency of plasticizers.
In the absence of such trial, it is assumed that the efficiency of super
plasticizer used 25 percent. Therefore actual water to be used
= 203 x 0.75 ~ 152 litre.
Calculation of Cement Content :
W/C ratio = 0.42
Water used = 152 litre

Cement content = I.Ma =0.42
152
= =362 ki 4
C 0.2 362 kg/m

This cement content is to be checked against minimum cement content
given in table 5 of IS 456 for durability requirement.



e e e,
yas b .....rra
T S A
) - . -...Wv.
Sl
T -en™ g
5 poap BTTRTS -
- o AP ; i o A M\-D\ s \\1r\v"-
PR S P L . i
T R e o P R Rt AT :.n...\...h.
eoar TadES 2O T G ST AP L St AT 8 o > Mgy
- Lot L I Tt R R PR T
P IR IR > .?wn
A . 4oz Lea2 5y P Aa e wfa
namt sar ¥ ° Czpe ST ,.\.wqm_.:yx
d , ran g AT AGETNEATS D VAT Sy e 24
ey = ife N SRE TR !\..h.
: s TATSAT. e h s
e . e swegar A SR R S e R R B A S
g et AITITAA AT EHD 2 2 ,..Vh.w._...
R 4
T At
’ r. M1
215
pof UL = 6L
’ s\ n‘.\n\
A
s s go e AN = LA
e gt EZPOYRA A S RRESERR A B priized
cep e PROLEET T .4\, .
< Fa o
Fioal atis SR Zr e
. Fad, o e
W 5B s 05 = BTY way LT
Ve e 02 nyyregnte - 4%
Culrylation of Maz Praportions @
A Y P Ty S o
Wiy .
“ 1 4 5
fomeion g e ofeerert = O L L ey = 0115
. A
Ve, ’
1 e
[y , i w2 1.2 0004 1
Ty
(
10,10 1044 110 2 1646
Cfemriipe it O R X
frritingt drsage of 12050 by usight of cementitiouz material 2
sax gttt e fie spy .\em,ir:\f:s zn 11, j

tnite atlume uf sli the inaberials e g ptiotal mygregates
| . “O3IL 4 0052 4 G004 = 0,971 5\“

e adume uf it s oy 1re it

P2l s 009y i

BYRregste.

CO0T 05T s w8 4 1000 = 1163 kym®

SPPregiia.

. DIZS 2 083 2 2.70 % 1000 — 246 kg/m’
I'rin Number ]
B2 kgl
INYAZUITIE
BAG by i
L1623 Jegefra

AR
o
/e ALY oi BT

et ol S

TR ET
raptrlings for
e

(oncrete Technology 321 D(CE-Sem-5)
. \\_._!._.q\:_n:_ :;:._x__.:ﬂ.. 4 kg/m?

Wet density of concrete 2527 kg/m*

wic ratio 0A2

8 Site Correction :

i Absorption of fine aggregate = 1.0 %

1
= — #x846=84
100 % 6 litre
i, Absorption of coarsc aggregate
0.5
= —— « 1163 = 5.82 litre
100 itre
iil. Total absorption = 14.28 litres

iv. Actual amount of water to be used = 152 + 14.28 = 166.28 litres
v. Actual weight of FA to be used =846 —8.46 = 837.5 kg/m®

vi. Actual weight of CA to be used = 1163 - 5.82 = 1157.20 kg/m?>
vii. Proportion of materials at the site

Cement 362kg/m*
Water 166.28 kg/m?
CA 1157.2 kg/m?
FA 837.5 kg/m®
Admixture 4.0 kg/m?

viii. With the above proportion of materials carry out trial mix number-1
and see the quality of concrete.

jx. Ifitis not satisfactory carry out trial mix number 2, 3 and 4 as indicated
carlier under trial mixes. Arrive at the final proportions of concrete
mix to satisfy the required parameters.

Que 3.15. _ Design a concrete mix for M 35 grade using fly ash (as
per IS 10262 : 2009). Other data are given below :

1. Typcofcement OPC43 grade
2.  Type of fly ash F type conforming to IS
3812 (Part)
3.  Max size of aggregate (MSA) 20 mm
4. Minimum cement contact 320 kg/ m?
5. Maximum w/c ratio 045
6. Workability 100 mm slump
7. Exposure condition Severe (RCC)
8. Mothod of placing concrete Pumping
9.  Degree of supervision Good
10. Chemieanl admixture Superplasticizer
11, Specific gravity of cement 3.15
12, Specific gravity of fly ash 22
13, Specific gravity of CA 2.78
1. Specifie gravity of FA 2.70
16, Water nbsorption
i. CA 0.5%
ii. A Nil
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the present ease wlc is 0.45. Therefore volume of CA i3 requin
e incrensed to deerease the FA content.

A the whe is lower by 0.05 the proportion of volume of coarse aggreyate
is increased by,

001 0.05= 1.587x 10+ = 0.01.
3.15
Therefore corrected proportion of volume of coarse aggregate for the
water cement ratio of
0.45= 0.60 + 0.01 = 0.61
For pumpable concrete, CA may be reduced by 10 per cent.
a. Volume of CA = 0.61 x 0.9 =0.55
b. Volume of FA = 1-0.55=0.45
Mix Calculation :
Volume of concrete = 1 m?
Absolute volume of cement
271 1

= % = 0.086 m?
3.15 1000
Absolute volume of fly ash
= m. % 1 =0.041 m?
2.2 1000

Volume of water = 0.148 m®
Volume of chemical admixture, assuming
Dosage of 1.2 % by weight of cementitious material and specific gravity
of 1.1
1.2

= e— = h&h. W 3
T %362 g/m
434 1

= =0.004 m®

1.1 1000 ™

Total volume of all in aggregate
1—{0.086 + 0.041 + 0.148 + 0.004}

1-(0.279) = 0.721 m®

Weight of coarse aggregate
= 0.721 x 0.55 x 2.78 x 1000

= 1102 kg/m®

ii. Weight of fine aggregate

= 0.721 % 0.45 x 2.70 x 1000 = 876 kg/m?

Mix proportion for Trial Number1:

Cement 271 kg/m?
Fly ash 91 kg/m?
Water 148 kg/m3
Fine aggregate 876 kg/m?
Coarse aggregate 1102 kg/m*
Chemical admixture 4.00 kg/m3
Wet density 2492 kg/m?
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'le

Water/Cementitious ratio= wlml.m .
an be further divided into 10 mm size and 2q m

the grading required. .
ate into 40 percent of 10 mm size and gy

Coarse aggregate ©
size. d ‘pending upoen
We ma, divide the total agETeR
percent of 20 mm size. )
In that case quantity of 10 mm size
40 3
= 2x — =440 kg/m
=1102 x 160 g/

; 60 _ 3
Quantity of 20 mm size = 1102 x 100 - 662 kg/m

Field Correction :
Finc aggregate quantity = 876 kg/m3.
Absorption = Nil

Surface moisture = 1.5 %
Quantity of surface moisture

=15  g76-13.14kg
100 -
Weight of fine aggregate in field condition
= 876 + 13.14 = 889 kg/m®

0.5

Absorption of CA = 1102 x 100 = 5.51 kg/m?

Weight of CA in field condition = 1102 - 5.51 = 1097 kg/m?

Asregard towater, 13.14 kg of water is contributed by FA and 5.51 kg
is absorbed by CA Therefore 13.14 - 5.51 = 7.63 kg of extra water is
contributed. This quantity of water is to be deducted from total water
ie., 148 - 7.63 = 140.37 say 140 kg/m?

Quantities of materials to be used in the field is duly corrected for free
surface moisture in FA and absorption characteristic of CA.

Cement 271 kg/m®
Fly ash 91 kg/m3
Water 140 kg/m?3
Fine aggregate 889 kg/m3
Coarse aggregate 10 mm 439 kg/m?
Coarse aggr:gate 20 mm 658 kg/m?
Chemical ar mixture 4.00 kg/ m?
Wet density 2492 kg / m3

With the above proportion of materials carry out trial mix number 1.
Sce the quality of concrete. If not satisfactory carry out trial mix number
2,3 ..Em 4 as indicated earlier under trial mixes. Arrive at the find
proportion of concrete mix Lo satisfy the rcquired parameter.

©OO

Concrete Production,
Properties and Testing

Part-1 (4-2D to 4-9D)

@ Concrete Production

e Batching
e Mixing and Transportation of Concrete

e Workability
o Test for Workability (Slump Test, Compacting Factor Test end

Vee-Bee Test)

A. Concept Qutline : Part-1 ............ ettt et naenes wreeerasrereess 4=2D
B. Long and Medium Answer Type Questions............couceevueencnn. 4-2D
Part-2 (4-9D to 4-15D)
o Segregation and Bleeding in Concrete

e Curing of Concrete and Its Method

A. Concept Outline : Part-2 .....cccovvvercmsnvicverissevssnssessnsesosssonsenss 4= 10D
B. Long and Medium Answer Type Questions.. ceeerrreneeeens 4=10D

Part-3 (4-15D to 4-21D)
m Determination of Compressive and Flexural Strength as Per BIS g
A. Concept Qutline : Part-3 ..eeveeeereeeeeessesessnsnsssesesessassessennes 4=18D
B. Long and Medium Answer Type Questions .......ereveveennnne. 4-15D
Part-4 . (4-21D to 4-30D)
® Mechanical Properties of Concrete : Elastic Modulus

® Poisson’s Ratio . ‘.

® Creep

* Shrinkage and Durability of Concrete

4-1 D (CE-Sem-5)
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Az of Mixing:

[P o i

\
(.

It is the process of trznsferring of eunerets from the
it by the onnstruction zite, It ezn ke dune oy following

g
Murtar Pan 1 Cunereis i carried in smsll quantities
Wheelbarrmws and Buggics : Ehont izt hauls on sll types of oreie
PRI P IAR AN IR

Cranen und Buckets: Used fur work shove ground level, brackets uss

vk crapen, enblewayy, snd helioopters.

Compurtion of Concrets: :

ottt ingitf ensiercie: is process sdogpted for exp Ming the entreppes
sir frvrn Whe egneroie,

Jrithe pree
ety v e

ing G ot alr is
trannporting and placing of concrete 5

of miring,
cnrapped in the coperets,

I b bpecns e Seosm vhe experimental mEEMm.MrL
e snnrozimstely reduces the strength by 6%

{1 % air in the

ﬂhCW—. By .
5 ; n foss of molsture
Ll the procesy in which the conercte 1% protected fror

R oy . pange.
anird pacg within i ressonable temperature rang
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Coner
\\l\‘\‘\l‘l!lll}/
g

is increased strength and deerg
] EMGQ

The result of this process
_EES:E::..
is also a key player in mitigating

jurability.

il
cracks in the concret
e, whi
» W —.:2.—

Curing
severely impacts ¢

Finishing

an be strictly functional or decorative.

and serviceable.
ern on slabs, floors, sidewalkg
ote's end use. g

The finish ¢
attractive

Finishing mak
ure, hardness. and joint patt
vs depend on the concr

and transporting operations of

es concrete

The finad text

patios, and drivewa

Explain the mixing

Que 4.2

conerete ina work site.

Answer _

A Methods of
machine mixing.
1. Hand Mixing:
i Mixing by handis employed only fors
much importance. either because 0
werk or because the guantity of conc

is mixed either by hand mixing or by

Mixing : Concrete
antity of concrete required.

based on the qu

pecific cases where quality is not of
{ the unimportant nature of the
rete required is less.

ce uniform concrete and hence

Hand mixing generally does not produ
for very small domestic works.

<hould not be normally used, unless itis
2 Mechanical Mixing :
Mechanical mixers can be divid
continuous mMixers.

Batch mixers produce concrete batch by batch, one batch at a time. The
at. The raw material is loaded at one end and the

other end. This constitutes a cycle of
ncrete is

1i.

od into two main types : batch mixer and

operation is intermitte
concrete is discharged at the
operation which is repeated until enough quantity of co

produced.
MM::.:E..E Ev“_o?. produce concrete at a specified rate. Theraw materials
e continuously entered at one end ar iX i
_ eralinny \d mixed concrete exits from the
B. Transportation
of Concrete : The followi 2 é 5
transporting concrete : olloving methods are et
L . . .
W__wmmn_b_mnrmnn.m into Forms by Short Chutes :
1ort chutes in a semi-cir sti int '
0 ceanoraical to e cular shape stiffened at intervals are simple
ii. Free fall of concr
ete from a hei g i
2. Barrows: height of more than 2 m must be avoided.
L Manual wheelb
. arrows of a im:
long httsontal & f pproximately 80 kg capacity can be used for
stances. i

il

for

b ol

rrete
conere
— —

oo

=N |

8

Que 4.3,
concrete ? What are the advantages an

o
r works, power

Technolopy 4-5 D (CE-Sem-5)

R
For iy barrows of 800 kg capacity, up to 300 m hauls
are used.
Pumpers and Trucks :

These are used for horizontal long hauls.

Becausc ol jollints especially if the terrain is rough, the concrete during
transit has the risk of segregation.
Flevating Towers and Hoist: x multi-storied buildings, elevating
towers are used for lifting concrete buckets. The lifted concrete is then
&m_r.n:usomm by either chutes or barrows. This type oftransportation can

be used where high lifts are required.

Monorail System :
In tunnels and in dam sit
power wagon which move
This type of transportation can be used fo

Cranes and Cableways :
When concreting is to be done in a large project covering mountains and

yalleys, cranes and cableways are cmonﬁoﬁ_.o&mm :d.mm-&Empmu.onw_
transport enabling both horizontal and vertical movement.
Depending on the site condition, the type of crane can be chosen. It may
be a derrick, crawler, or wheel mounted.

Belt Conveyor :

It can be used when hauling concret
It is not very much recommended pecause of its

segregation.

The initial setting-
115 m%h.
Concrete Bucket and Skip
about 0.2 m® to 10 m®.

What are the precautions tobet
d disadvan

es, a single track is laid to carry a monorail
s at a speed of 80 m/min.
r covering long distances.

e over long distances.
vulnerability to

up cost is also high. Discharge can be as high as
. The capacity of the skip varies from

aken while transporting
tages of concrete

pump ?

Answer _

A

rting of Concrete : Following precautions

f concrete :
ocedure of hydration starts and
hould be transported as fast as
| setting time of cement.

nd compacting concrete

Precautions in Transpo
should be used during transporting ©
é.E_o water is added to cement, the pr
with the passage of time, 80 concrete s
possible to the formwork within the initia

The procedure of mixing, placing a

transporting,
should not take more than 90 minutes in any case:



(Jue 4.4,

waorkanhibity of conerete d

B

Answer

A

su i fnster and easier met h

. eenfes I ~ [y
Conerete Production. Properties amg
. o 2 C8lip

JS-0 _u:.._.q....u.,_:r...: (
Nowate! chiadl b Fost fronn the mix duaring transportation T
(o The eonereie combine should be protected from drying m hot v
- \ . S oa - J.F..- —w
port from the place otmismg Wther
¢ tothe posit;
..4:_::

and from raim duriny (raas

o M.-..: iy

”.1_..:.;..,..:..:._..
Ll e kept matated in truck mixer in order to avoid
oid it

in hkely to be spent during transportatj
on,

Seprey chould be avorded under all eircumstang
sLances,

I'he concivte

eyl oo i

fropn becon
es of Concrete Puamypr:

Advaniag
od 1o comiplete a project

Conepete pumpmg
¢ reduces Jabwur costs

Conervte g
Jess construction workers

tion ax there are

It pesfuces sile vonys
teady work pace, ICTeAsIng productivity.
arious sized projects, including

It prevides
o effective and ceononueal for v
residentind aud commereinh

Hrnps ean et ainulinpeously for Inrper projects.

te P'ump :

Severad e
Dicndvantages of Conere
o concrete pump hreakin
o worliers and damage fo property.

Sosstbaliny of redown

Rislk of pgnry tovenstra tio
D busy peripds st s ned alwavs easy to find aconcrele pump that is
avlahie .
Define waorkability. What are {he factors affecting the

i

Waorkability of Conerete:
A voncrete §e s vl o e a—._:_,:h__.. ot
compactesd apd tinishied withontany seprepalion,

sy transported, pluced,

Workability e pert T |
v property of freehly mined conerete, and aconerete 181
ate, watesr and admytare

it e ef vement

...z.._: Affecting of Wor
actors atleebing eOworhaluliny ot conerete

HT

‘ollow iy are the

bhility of Concrete

ality ol conerete increnses with inerease in

Watow Content @ \War
waleveontont,

Apprepnte/Come i .
:_,.k.ﬁ_,:_” w _K :. ,_:,. nt Ratio: The higher the syprepate/ecment rafiv,
Al sthe conciele, _,..T::m_.ﬁ.“ n r.v..‘. oy ’._..3.7;?::/.

ﬁq-.. :n_..f M ANN v 1 N
preegato: Foraivengoantity of witer nndd paste higpe

ol apmunenates will pive highor workedulity
Shape of Agovepate X

.:::..M..?._ ...7:..... ¢ Better workalility s eneneed o _,:_::r_._

analar, .,...:z..:.i or aky aeeresat

H1 vt

¢ perelt Technology b S
il e~ o bt oD
- .,u.._:::: of Aggprepnte ,E:w_.m: one of the facters which will have
¢ maxinnn influenee on workability. A well graded nggregate can lead to
ﬂcc; :,:_._a:_.::.uﬁ
Surface pexture of Aggregate s Rough textured aggregate will show
¢ poer Ec_.Hc._.:E.. and smooth or glassy textured ngpgregate will give better
i.:._:.E:Q.
Use of Admixture: "The right way of improving workability is to uzc
chemical ndmixtures such as plasticizers, super plasticizers, air entraining
:n..:_z‘ ele.
sts which are commonly adapte d

Que 4.5. _ Mention the different te
y and explain any one test in detail.

to :—G___-m—-n.&.

Answer
A Tos

worlabilit

{ for Mensure workability : TFollowing are the test used for

measure worlability

Slump test.
hm:l__zmn::m.m.|._.E. Lest.

Vee-Bee test.

iii.
B. Concrete Slump Test Procedure:
1. Lirstly, the internnl surfuce of the mould is cleaned carefully. Qil can be
applicd on the surface.
> The mould is then placed on hase plate.
ote in three layers. Each layer is

n Then the

e s

v with fresh coner
vith nsteel rod.
oxeess conere

The mould is {ill
amped 26 timesy
Alter filling {he mould,
aurfiee should be loveled.

mould i lifted §&
serote will slump.
od to nearest b mm or

te should be removed and the

ently in the vertical &_..?.:s: and then
The decrease in height at the centre
0.25 inch and it is known as

unsupported vol
point. iy measur
whap's

. ot in
Que 4.6, _ How do you conduct compncting fuctor test 1r

Inboratory.

L The compaction {

" . -
In this test, the compactiot

Answeor
Compaction Factor Test : te under
etor tost give havior of fresh conerets

1 foree.

5 the bo
the action of externa o full of conerete
1 achioved (hrough & free fall ¢

determines its workability.
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E Ry
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rwhun.mﬂ B
7 <+iff concrete mizes having low or very k=

- LR
e T etz o2zl
e ETL IS FaeT s =

H.H.ﬁ\.w..\hon.l. .
<l=mp znd compacting factor tests, the Vee-Bee e

5 Compzres wotieslomy

tasthe zé7zrtags that the concrete in the test receives a treatmes
si=lzr g what twould in actual practice.
The tem eonsizis of moulding a fresh concrete cone in a cylindrica!

exmizirer monnted on z vibrating table (Fig. 4.7.1).

.,.H.J.n..un the concrete cone is subjected to vibration using 2 standard
nizrzicr, it starts to cecupy the cylindrical container by way of getticg

rezoulded.

5 T :
- 1he remeul is cons ¢
emculding is considered complete when the concrete surface.

bernmres borizontal,

o Thetimetin . ) :
o mnan.ﬂW M\k%_..&m.. required for the complete remoulding is considered -
ire i workability and is expressed as the number of Vee-Bet

setnnds,

: _M;_D\u Nﬂ& 4.-1 -
“paintof the test, when the concrete surface becomes Eiu%s__

y ’ X
“wstobe ascertained visually,

25D i CE-Sem-3}

Fig 470 VerBes spparaias.

‘Que 43. _ What is the effect of time and temperaiure oo
workabilits 7

Answer - _

A
i

2

s Effect of Timeon Workability:

M@W%%ﬁ%ﬂﬂwﬁﬂwﬂﬁnﬂw ofgme. Thisis &ferent
from the hardening of the mix.

As tme ﬁm.wmmm‘ﬂmnmwmmwomumﬁm to absorpdon by aggregat=s ifthev zre
not alrezdy saturated. Some water is lost doe to evEporSnon, eSpeaaiT
if the concrete is exposed to Fonﬂ.mww,hmwpnmﬂmhn.ﬁmuﬂoﬂru ihr
decrease.

Effect of Temperature oo Workability :

When temperature increases, then in the same propo

of fresh concrete decreases.
mperature increases then

The reason that stands behind is “when te
evaporation rate also increases due to that hydration rate decreases and

hence, concrete will gain strength earlier™.
Due to fast hydration of concrete, a hardening comss in concrete and
that decreases the workability of fresh concrete.

PART-2| . : e ]
Segregation and Bleeding in Concrete, Curingof Concrete and Its
B e tMethod. S A N UG

roon workability
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4 .. Steam curing.

Production, Properties and Tegy,
8

N} -y .~ \
DI ———
— e QUTLINE : PART-2 T
 cONGERT OUTLINEPARTE

»parating out of ingredienta of
af the mix is no Jopgerin a homegeneous condition,
aid to occur when unreacted watoy
freshly placed concrete due to

.fhiﬁ:::: L Itis defined as the sc
concrete mix s
Bleeding: 22&:%.
in the mix tends toTise
cedimentation of constitu
The process by
jinown as CUring. |

. g are the various method of curing of

vth
as concrete 1S 8
to the surface of

ents of conerete.
he loss of water from concrete ig

Curing : which ¢
u_g.cﬂ:»‘a is :
Mcthod of Curing : Followin

capcrete s
i~ Chemical curing. .V

infrared radiation.

“3i Curing of concrete by
i Electrical curing of concrete.

Guestions-Answers

\ll. boan,.»bmndn Type and Medium Answer Type Questions ;

Write about segregation and its causes. How reduce

segregation of concrete 7

Answer
A Segregation:Itis defined as the

separation of the constituents ofa

_ homogeneons mixture of concrete. It is caused by the differences in
sizes and weights of the constituent particles.

B._ Causes of Segregation in Concrete ;

n

Transporting conerete mixes for long distances.
Poorly proporticned mix, where sufficient matrix is not there to bind the
agyregates,
Dropping concrete from more than Im.
Nibrating concrete for a long time,

Remedial Measures ;
To reduce cegregati !l ora i

o mo sregation, well graded aggregates are used and concrete 13
placed with enough compaction.
The conerete ) :

snerete should not be dropped from a height of more than 1.5 m-

ue 4.10. | Discusy .
9 Discuss the factors affecting bleeding of concrete.

o

N

(A

cone™

13

e |
rn Affecting Bleeding of Concrete ; o),

R .&)—. — : «n—\\.?.ﬂfﬁw

e .—fnr::_:xv\

neto ; 4 Wi
“__:: affecting the blecding of conerete Ving tre the factory
water Content and Water Cement Ratig :
. so in the amount of water o
Any increase ! °F Or water-to-cementitious muter:
ratio results in more available water for bleeding ook material
_Gifth increase in water content of 2

Aone fift ! ofanormal concrete mj 4
increasc bleeding rate more than two and a half times e can

Cement :

The PG content dnd ﬁ:o:nmm of cement can effect bleedin
fineness of the cement increases, the amount of bleeding %nwm.mwwh b
[ncreases in cement content, reduces the water-cement rati

reduces bleeding. ratio, and also
Supplementary Cementing Materials :

Fly ash, slog, silica fume, rice husk ash and natural pozzolanas can
reduce bleeding by thelr inherent properties and by increasing the amount
of cementitious materials in a mixture.

Aggregate:
Aggregate that contain a high amount of silt, clay or other material
passing the75 pm sieve can have a significant effect in reducing bleeding.
Chemical Admixture :

Air-entraining agents have been used largely because the air bubbles
appear to keep the golid particles in suspension.

Water reducers also reduce the amount of bleeding because they release

trapped water in mixture.

.b.:c 4.11. | How would you reduce bleeding from concrete ?

5

Controlling Measures of Bleeding : Following are the controlling
measures of bleeding from concrete :

Proper proportioning of concrete.
A complete and uniform mixing of concr

If we can increase the traveling length of water to be bleeded, the
blecding can be reduced considerably. For this purpose we can use
finely divided pozzolanic materials

An introduction of air-entrainment by using a
reduce bleeding.

The uye: of finer cement.

By using of a rich mix rathe

ete.

ir entraining agent can

¢ than lean mix.
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- ~-ntrolled vibraby

on can reduce bleeding.

{ are the effects of bleeding on concrete propertjeg 2

ha oiTects of bloeding on concrete properties :

cancrete losses its homageneity.

Jation of water creates a water voids and reduces bopg

G el - ptaaht s i~

between the aprrogate and cement past. 50 the strength of concrete

reduces. . i

Water that accumulates below the reinforeing bars, particularly belgy,
reduces the bond between the reinforcement apg

the cranked hars,

concrete

T Ria

S -
SO SRS

=z water flows at over the unsupported side of pavement
which causes collapsing of sides.

n bleeding water delays surface finishing ang
poun

n pavement constructio
application of curing com

czuses of ‘Laitance in concrete’. Due to the formation of
itsw

Laitoner, structures mav lose

L
Bleeding

.....Hm‘...ndmwoa.rbnoUS"Lme.moawnouabcocmnrmbumw.
Due to this chaanel, concrete becomes permeable and allow water to
move, which forms waler voids in the matrix and reduces the bond

between eggregate znd the cement paste,

Gue 4.132. _ Describe the curing and importance of curing. Explain
the different methods of curing.

Answer m

A
e

pos

2

“
‘4.

Curing: It 1s & procedure that is zdopted o promote the hardening of
cunerets: conditions of humidity and temperature which are
e to the progressive and proper setting of the constituent

uncer

Importance of Curing : Fullowing are the importance of curing of
cunerite |

- .
O maintzn

fisture content in the mix for complete hydration of
onLTets,
To maintzin unifory mperature of the conerete,
To pressrve the: progertios of . : S IImp ili ili

i . prristiwnerete, such a5 impermeability, durability
angdstrenath,

T

To reducs the shrinkage of the conerete.

Method ‘uri

M 5 0f Curing of Concrete : I i ing:
nngof Concrete : Followin # are the methods of curing :

P..:

\) W.M:.::_« of Water ove

4

B

o

=

i,

T:\_) & o) «,J

(9 o

: e\

/{ \ WS ¢ N . c

el m.\.b!fm& A
ol _gpt

the ¢
ONcrete g
fhisis the most common methgqg :?:amﬁo S

and consists of storing the wate, 0 _»ﬂ. g e
constructing small puddic clay by, ::—“_n

Covering the Concrete witl, Wet 51 ound,
method the damp carth or gang in _mwﬁwsmc.. Damp Earth ;
over the m:l.u.nn a.n concrete pavemenyg .H.m 50 mm height are s
_Hmon:nu_ sprinkling of water, " e materia) i), L

1
[

-

—

Urface afte

fter it hag Sy .
Alabor bavementy

of 50
K mm gy the surface by

Covering the Concrete with w

. etB .
with burlap (coarse jute or rmBE urlap .

The conere

3 N y as soon ag s te 13 Covered
the material is kept continuously mgjgt for HWana_“Mm ofer placing, ang
- B period.

gprinkling of Water:

This is a useful method for curing vertical or jpepipe g surfaces of
The spraying can be done in fine Streams thy Ot comerete,
spaced at set intervals.

Flogging is done in the same way except that the f
amist-like effect, whereas spraying

ough nozzles fixedtoga pipe

0gging nozzles produce
nozzles shed out fipe spray.

Covering the Surface with Waterproof Paper:

Waterproof paper prevents loss of wat
surface from damage.

A good quality paper can be often reused. The paper is usually made of
two sheets struck together by rubber latex composition.

Leaving the Shuttering or Formwork : The
formwork.also prevents the loss of moisture in con
curing the sides and the base of the concrete.

Membrane Curing of the Concrete :

er in concrete and protects the

thick watertight
crete and helps in

The process of applying a membrane forming compound on concrete
surface is termed membrane curing.

Often, the term membrane is used not only to refer to liquid membranes
but also to a solid sheeting used to cover the concrete surface.

The curing membrane serves as a physical barrier to prevent loss of
moisture from the concrete to be cured.

A curing liquid membrane should dry within 3 to 4 hours to form a
continuous coherent adhesive film free from pinholes and have no

deleterious effect on concrete.

Chemical Curing : . Tioate
Chemieal curing is accomplished by spraying the sodium silicate (water
#lass) solution on concrete surface.

About 500 g of sodium silicate mixed ,i.:., ..<m.ﬁ. o
surface and from a hard and insoluble calcium silicate film.

- .agent.
It actually aets us a case hardener and curing agen

2 of
er can cover 1 m- o
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i ey
e

v f

4. ‘ S8
— MID(CE gy, 7!



4-14 D (CE-Sem-b) Concrete Production, Properties andTy
— e ali

— "ot

Que 4.14. _ Explain maturity concept of concrete.

Answer _

Maturity of Concrete :
The strength of concrete depends on both the period of curing (i age
and temperature during curing, the strength can be visualized g4 .
function of period and temperature of curing.
The maturity of concrete is defined as the summation of produet of timg
and temperature.
- Maturity
Its units are °C hr or °C days.
4. A sample of concrete cured at 18 °C for 28 days is taken to be fully
matured which is equal to
Mg, = 28 x 24[18 - (-11)] = 19488 °C hr.
5. The temperature is reckoned from — 11 °C as origin in the computation
of maturity, since hydration continues to take place up to about this
temperature.

Lo

o

= ¥ (Time x Temperature)

o

Que 4.15. | The strength of a sample of fully matured concrete is

found to be 40MPa. Find the strength of identical concrete at the age
of 7 days when cured at an average temperature during day time at

20 °C and night time at 10 °C. Take A=32, w lmP Gmo % of m?.mbm? of

concrete at maturity =A + B log. hgunﬁﬂq
1% {1000 : ‘

— —_

Given : Strength of matured concrete = 40 MPa, A=32andB= am
To Find : Strength of concrete the age of Q days.

1. Maturity of concrete at the age of 7 days
= Z (Time x Temperature)
=712 %[20—(-11)] +7x 12 x [10 - (- 11)]
=7x12x31+7x12x21

= 4368 °C-h.
2. The percentage strength of concrete at maturity of 4368 °C-h.
(Maturity) 4368
=A+B ~Om3 Ja =32+54 x _cm_c ﬁ‘gv =66.5%
3 5
3. The strength at 7 days =40.0 x’ Mwa» =

- ‘_AE _:._:_an%

15D (CE-Sem-5)

1 Accelerated C :
urin ; ET——

= o E - Normal Curiag -~ = |
8. e . i
I —1n accelerated curing |In normal curing compressive |
1 compressive strength of a |strength of a conerets mix is
concrete mix is determined {determined by curing eonersts |
by curing concrete cubes for |cubes for 23 days

S S S

PART-3
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CONCEPT OUTLINE : PART-3

Test for Determining Compressive and Flexural Strength :
1. Cube test of concrete.

2. Spilttensile test.

3. Flexure test.

4. Rebound hammer test.

5. Ultrasonic pulse velocity test.

' Questions-Answers

kﬂ gmﬂdﬂ Type Ea. w?&:ﬁbuuﬂm—.ﬂdmﬁ @:owﬂoum

Explain the various types of tests for compressive

Strength and tensile strength of concrete.

m,ezof:n are the various test used for determining compressive and
tensile strength :

mgﬁ»\ 28 hrs. \.“!..1 ‘ ’ _,

— . ;

\w\ In accelerated _ curing In normal curing temperature of |

> “ | temperature of curing water | curing water is normal. |

..“\\\ is HN:.M&. i = «

\ . f

3| Carbonation depth under |Carbonation depth under pormal |
accelerated curing is higher. |curingis lower. il

L—— [« >
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1. Conerete Cube Test ~

sotemistic s determuned by characteristies compre
- R&w.
cudhe strength tost of conetete We
Toroohe tont tun nes ol spacimens eithercubes of 1S emix 15 ¢y

x 15
cgate are EM_:

oras aahical mounldsofsize 1ISemx 15 em x
N 15 A arg

pending upon the size of ager

A TS AT 1osted by compression testing machine af
- < h , "ﬁv
sy auring
x cradually ot thomate of 140 kglem? per minute iy
= Test:
P LRSI, W, 1 R, S Ble 10 tens: 3
STTE ane highly valnerable 10 tensile cracking ang
=ereTminanen of tensile sirenmh of conerete s very
= JUDITETS sTuttures is determinad by
.
< P
- T o= Do Ixished strartme with 2 rotery st
= e S SI rErmeliniiestel T co—pressionto Ove 2 messm:
o T X ETITH T TDe actTEl sSanTTe
+5 THi oo o Am—e mae——e - 2o S s !
= - SR TEmS S SITE nssmt L Zemeter zmI ths lacstion whete the core i
T -TE STERIS S 0Tesl 21 1ne 1o simTane =md imcmeases weih deonh
o The spe—ems i
ot B ST nemmitrmmeter ST D cives 2 smeniesd oxlinder tam
—_——
Sy L TR - ~r -5 - S = e = ~ =
WOE L vesemite Ihe Sperre 1o o seIltensile test of concrete

L= -
E N iag JET
- S mmneives Iom meTremrens wHe Srvmres coe =IS 118
== = R S = - €08 18 g2 ey BIS 1881 Pamt
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crete Technology
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]
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Fig 4181 Experimesial gt o s o
: T CETOR Senph sk
The bottom beam fibre experienses; A o e
inload application. =ith the fnerezss

31

The increzse of siressisat arate 6f0.02 MPa 224 0,10 M

nh..\WNH: Hlpu..UWNV WHN.U.I-.Hl.I

e

For low mn'mhrnmu concrele we make wee of lowr
we use high rate.

yl

.mm,_m Lum.owmnﬂw.w maximum tensile siress 2t the bomom fame 21 St §
c2leulated. Emuﬁgﬁmg&gwunh -

T I e
X - . = 1SS
the tensile stress determined by the sp¥firsins toxy

o

Nodulus of rupture is given by,
A

BT 7=
B. Split Cslinder Test:

1

Eszre the tensile strength is detarmied Directy. T tas s perirmad
bzsed on BIS: 3816819700
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[ - Tonnilo nlrength,
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whure,
1 Compromlve loud.

1) - Dinmwler of eylindor,

1, = Lonpthol eylindor,
Que 4,40,
comprersive ptrength ol ¢

wumplo,

Pr— —— "
Answor
Pollnwing are e step Tor eube tenl fngg e

pepladn the vartoun ntopr Involved dn ovaluntion of

onevele from prepueation to tosting of

1, Cube Castiog

0 Memaie the dry proportien of ngrodients (coment, sud and coarse
agpztepnte) na per the design rogquirementn, Phe fogredionts should be
aullivient enptgli o cast toal cubon,

it Thorenghly s the dey _:z_._.:..:_: to obadn the undform ndxture,

i Addd doaign quantity ol wader to the dey proportion (witor-comeat tallo
ot well ol ain uniform toxure,

v Bl the concrote to e mpnld with the help of vibrator for thorouh
vempai o

_.__:3_.. Hin topof the coneyol s by trawol nd tnppod woll titthe comont
ey eemen o e fop o the cubos,
L Cunlng
l T

_J_.__, ._..”.__““._._.__ _~~.__:h ”_:_.“_:_:_._ il bos cavorod with rod gunny T and
o Altey gy MO I i ompors tyve of (1 a8 G

“Hhra re oy
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e he spocinen from e nuelde
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R should ho removed fror g, §7

v tho esting. By —
The wpocimen should bo indry condition befora conducti .

v i cubo woight should not bo less thag g 1 kg cting the testing.

vl . ke,

4 ponting

| Nowplac? tho concrete cubes into the testing machine (central]

_. g cubon nhould bo placed correetly on the machine g rally).

il crelo marks on the machine). Carefully align the s pate {check the
_____::.r..:__z seated plate. pecimen with the

i irho lond will be applied to the apecimen axially.

v, Now wlowly npply tho load at the rate of 140 kg/em? per minute till the
cubo collapso. )

v The maximum load at which the specimen breaks is taken as
COMPICRRIVO loud. .

o (Y .
4. Culeulntion : Comprossive Strength of concrete = Maximum

COMPLORRIVO lond/ Cross sectional area,

-

_.

il

=

[Answor

Non-Doestruotivo Tests on Concerete : The main non-destructive
tonts for ntrongth on havdened conerete are as follows :

Rebound Hanmmoer (Havdness) Test @

The Schmidt hummor is used in the rebound hardness test in which a
motal hnmer hold against the conerete is struck by another spring-
drivon moetal masys and rebounds,

"o nitount of rebound is recorded on asealo and this gives an indication
o tho coneroto strength,

"Tho larger tho rebound number is, the higher is the concrete strength.
Ulteasonto Pulse Veloeity Tost @

test the velocity of ultrasonic pulses that

Tuthe ulteasonic pulse velocity . es that
ansmitter to & reeaver is

pusn theough o conerete goction fronu a te
moensared,

The pulre veloeity is correlatod against atrength,

The higher the veloeity is, the stronget is the coneretes

Pall Ot "ont ¢ Hout &

, v . 2 ot )
The Pl ont tont will detevmine tho foree that i 7.,~=,_ﬂ“ww_r.r~._~“_—:. M?x,—
ool vod wpocially shaped fom hardened conerete W
Wit opat
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5 ¢ is related wi
= ired to pull the concrete outisre with the Compy,

mw? o

te offers ameans of dete

cts on concre
structure or relative

te in the same inip

w:.a-.ﬁnr

m.nnﬁwuzsz rosis

relative stre :
of different structures-

Because of nature of equipmen
values of «trength-

ts, it cannot be expected to yield abg]
ute

nts of non destructive »omﬁum ¢
0

Que 4.21. _ What are the requireme
antages and disadvantages,

concrete ? Also

A

D WO

(s

Que 422, _
Vhat is modulus of elasticity of conerete ? With

uf stress-steuj
i in curve KT
elasticity 7 y deseribe the various types of 1

give their adv.

Requirement of Non Destructive Test: Following are the requiremey;
of NDT :
Acsesement of existing structures
Quick secessment of the structure.
Quality control of construction, in situ.
Determining position of reinforcement.
Location of anWmmombﬁ.\UoumwdoEE:m. ,
In some C&SES, cess of concrete damaged due to fire or

it required to as
any other natural calamity due judge the condition of structure.

Advantages : Following are the advantages of non destructive testing:
Access to hidden items - “see through walls”.

Betver investigations with NDT.

Papid and on site accumulation of data.

Generally Jess expensive than destructive testing.

Gives result without structural damage.

Disadvantages : Following are the disadvantages of n

in the absence of drawings.

on destructive

testing

Y S

More than one test method may be required

Environmental conditions. may affect or distort results

affect results.

Constraction details ..
Sonstruction details and buiding components may
Je degree of

Wm:.. :;:__.Jc:s cannot be detcrmined with a reasonab

ceursey without destructive testing

the help

nodulps of
7y

Technology
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us of Elasticity of Concret
wn from a stress of zero Swmﬁ, f
sm

odulus of Elasticity ;

. ML\ 2

jine drat vm..m,.. fined as the 5 lope of th
Types of M SRRV Blress of 0,45 f o
[nitial Tangent Modulus : It is given § .
:Ema:p to the stress-strain curve at m:..: 0y

concrete deflection at very low stresseg

the siope of 5 fine dy, wn

OTIZING Tt 05 11ed 40, cms g or.
. Is used b0 characterize

A Initial tangent

Stress

Fig, 4.22.1. Stress-strain plot.

Tangent Modulus: It is given by the slope of a line drawn tangent to
the stress-strain curve at any point on the curve. It is used to simulate
the structure to loading or unloading at different unloading stages.

Secant Modulus : It is given by the slope of a line drawn from the
origin to a point on the curve corresponding to a 40 % stress of the
failure stress. It is used to simulate the structure during its initial loading

stage when permanent load prevail.

.ﬁnnaeamn& Fdﬁmw:.mm of Concrete : FElastic Modulus, m.cmh.&:w, >y
Ratio, Creep, Shrinkage and Durability of Conerete-", 7.

A R e AN

TLINE ® PART-4

CONCEPT ou

gare the mechanical

nerete : Followin

Mecchanical Propertics of Co
propertics of concrete

1. Modulus of elasticity.

2. Creep.

4. Shrinkage.

w. Poinson’s ratio.
% Durability.
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applied Stresy g the
e

.“:&:_c.,. of Elasticity : it is :;,a ~..=:.: of the
corresponding strainwith in elastic limit.
E= 50007,
Types of Modulus of Elasticity :
" Initial tangent modulus of clasticity.
Tangent modulus of elasticity.
Sacant modulus of elastiaty.
Creep: It can be defined as the elastic and long term deformati,
concrete under a continuous load. 0 of
Shrinkage of Concrete : The volumetric change of concrete str,
due o loss of moisture by evaporation is known as shrink.
concrete. [t isa time dependent deformation which reduces the
cf conerete without the impact of external forces,
Types of Shrinkage :
i Drying shrinkage.
2 Plastic shrinkage.
3 Carbonation shrinkage.
.

Autogenous shrinkage.

~
3

nﬂﬂ:.m
age of
Volume

§

|

Questions-Answers

, Long Answer Type and Medium Answer Type @:nmnmn_.ﬂ.m. .,

Que 423, _ What are the affecting factors of modulus of elasticity of
concrete ?

modulus of aggregate, type of aggregate {crushed or natural), petrology

and

.u.tn Hp.hmw.&om(ﬁ Ewm quantity of aggregate. The higher the volume of
“32Tegzate In the miy, the higher the elastic modulus.

um.._“n.vmmmmu : u&.n design includes total cementitious content and w/c

ratic. Less paste g good for higher ¢lastic modulus.

Mﬂcﬂbn Conditions : Moist cured specimen showed better results

_..c&b ﬂ.rmﬂ ofdry eured, due to shrinkage and associated cracks.

st ".wmhbm Wmom : High loading rate will result in higher compressive

rengthand higher elastie modulus.

Chemj : B

Bcwwwmﬁmggwﬁm : It does not have much influence on elastic
- But some type of admixture can produce higher cement

crete T echnology
com
— .
7 dispersion and thus will regy), in bigh, //IHW.W@ D :«.Wmas\:
modulus. .«SQY‘.V.W.M.\@ E.:M\/m: —
" ?nm_.-ﬂn.m-— Adm mNn_.:.nw : w\::au_..n_ m:.nsmNﬁg‘ Tiggt sard P.V...w«.u._..
. the ; , p -
concrete, they affect the m_mhms Modu)y, r.w they ent y, Hreng;
. 0. IR of
que 4.24. | Discuss the nm_m:onaiﬁ bet
st “twe,
opd strength concrete, 0 Modulyg o clasticity

Modulus of elasticity of concrete i
deformation of structura] elementg a key fary, for estip e "
ini : ra8Well gy, pooy, o DERNIZ the
determining modular ratjo, 1, Which i e f hﬁmﬂ.& Eactor for
members subjected to flexure., :

The modulus of elasticity of concrete is g; , .
z root of characteristic com £ .w Froperticnal the square
concrete strength,

E, = 5000,fF,
E = Modulus of elasticity.
f., = Characteristic strength of conerets,

where,

Explain the procedure for determining the dynamic
modulus of elasticity using ultrasonic pulse velocity equipment.

“Test for Determining Dynamic Modulus of Elasticity :

L. Inthis method pulses of compression waves are mm.umn#& by = m_wn.u”o.
acoustical transducer that is held in contact with oze surface of the
Prismatic or cylindrical concrete specimen. , ;

2 After traversing through the concrete, the “E_lnmuma m._.mnnmonm““ Mnu.u
converted into electrical energy by a second transduce
distance L from the transmitting transducer. ] cesofasolid

3 The pulse velocity V = L/T is related tothe physical properties

by the eq. (4.25.1)

2 3.1
E _ WNI (425
Vi= Qﬁvum. o_.m..ul K
Where, I, = Distance between ammwummcnma. m
T = Transit time, secon - ity. Pa (N/m’)
E, = Dynamic modulus of elasticity, Pa(2
d
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Quo 426, | What iscreep ? What are the factors influencingercep of

concrete 7

Answer _ .

Creep:
When conerete is rubjected to compressive loading it doforms

instantancously. This immedinte deformation is called instantancous
straim. Now, if the load is maintained for a considernble period of time,
.,.:_:._._.r. undergocs ndditional deformations even withoul any increase
in the load. This time-dependent strain is termed ay ereep.
F :2.4 Affeeting Creep : Following are the foctors affecting creep of
concrete
I, Concrete Mix Proportion :
1 Creep inereases with inerenso i
P I wes with inerense in water/eement ratio,
1 00rer paste 5 : ( g i
. ._.__ paste structure undergoes higher ereep,
. icamount of paste cont . .
: ‘ it ‘ol and its quality i vof i tant
fuctors influcncing creep. : by s noof tho most Impes
. Creepininver H
! i : .
P, ly proportional to the strenpth of conerete.
HEregote Proportion s

1 _.J,-_—_ (.a:_w______ H ripaly i H y — 1 _——. rorecy
" * Wer [} to :_ ‘ i i
S;._:—.— neprepnt e 1own ¢ ———»I—..:—:_: nyghe ree : _

O r:‘
. |

(lon

i
il

1

= o
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Que 4.27, | What is the cffect of creep on concrete

‘Aunswer

L ‘_..i_::_::._\
:\t ) Kol

Mor tho modulus i‘e_\,:_.:...:\.\ nm m s
' i A PN - —

w influence ereep of eone

w...\n*b\.ﬂ )

8 0y :3 cre

. £y,
reta i, fogh ﬁ

s‘_.,_.: his
greni fe:

M i .
el of ereep, o
(he it I f PO aiing ety
A0 al fonding: ot nn
jch n conerete membey
A b which a concroy Member is loadey wil
ffect on the magnitude of creep, “4 il havye 5 predominan
v MuoIninant
The moisture content of the concreyy, being diff
ploo influencen the mognitude of creep, WHErENt at different age
Curing Condition : Larger the curing smaller th
. y . u \\q . s
anc-_a Propertics: ereep,
e typo of cement Cffects ereep in oo faras it influyees o,
t the time of application of jong e strength of

the concrete a
Fineness of cement affects the strength deve . .
thus influences creep. Bt development at early ages and
The finer the cement the higher its gypsum requi :
. N , quirement 50 th
_«:.E__:n of cementin laboratory without the addition of @?“Eb N«\“‘. : -
an improperly retarded cement, which exhibits high an.m o

Temperature:
The rate of creep incrcases with temperature up to about 70 °C when
fora 1:7mix and 0.6 w/c ratio. It is approximately 3.5 times higher Swn
at 21 °C.

Between 70 °C and 96 °C it drops off to 1.7 times thanat 21°C.

As far as low temperature is concerned, freezing produces a higher

initial rate of creep but it quickly drops to zero.

At temperature between 10 °C and 30 °C, creep is about one half of

creep at 21 °C.
Stress Level :

Higher the stress higher will be the creep.
There is no lower limit of proportionality because concrete undergoes

creep even at very low stress.
structures ?

ctures: -
s the deflection with time

Effects of Creep on Concrete Stru

In reinforced concrete beams,
und muy be a critical considera
d columns, crecp incre

p ﬁowwevﬂwmh 3:02

creep increase
tion in design-

ases the deflection and can

In eccentrically loade
lead to buckling.

Loss of prestress due to cree

te structure-

pof concretein
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11 be useful in all concrete ms.cns.g

uniform load or reggy,.:
8trgj
fey

te wi

oncre
Dn.n. s QEQ ﬁO non-

rty
p proper rnal stresse

inte
on account of diff,
) ctures such as dams: ! orong
rete m.:.c at the interior and m.El.mmo. creep s F:.E?_ ““,a
f cracking in the interior of dams, d

py itself may be a cause 0

i :c measured 7
a:na.mw. Explain how creep 18

Answer _

, ..‘n&nﬂu_mmbn Cree

tre
€= bo

is called the specific creep.

¢ creepis useful for comparing the creep of differen;

t different mnw.mmm levels. A typical value of ¢ j,

=10"%

p of Concrete *
| Theereep strain-stress relation in concrete 18 commonly taken tg pe

where ¢

9 Theconceptof specifi
concrete specimens &
approximately 150 1 /MPa,n

3. Late
creep equation of the form :

nc.m
B+t
where, t = Time.
B = Constant that depends on the age of the concrete before
loading.
C,, = Ultimate creep coefficient, C j, = 2.35.

&=
mh

Cus

o_._a.»..mm._ What is shrinkage of concrete ? Explain about
classification of shrinkage.

Answer - ~
A. Shrinkage :
L Shrinkage p .
:Eemnwmwm. .“s nerete is the time-dependent strain measured in 20
nrestrained specimen at constant temperature.

Shrinkage is shorten; i
applicd loads, ening of concrete due to drying and is M:Qn—ﬁumoa of

B. Types of Shrinkage :
._. Plastic Shrinkage :

L Plagtic shyj
shrinkage geeyrs
forms, urs very goon after pouring the concrete in the

n

Following are the various types of shrinkage’

r the American Concrete Institute (ACI) has developed a simplifieq

ca_aag Technology -

h — — ~27 1) (CE-Sem.

— ydration of cement resultsin g noncﬂmoznlw. o 5
ction in the

- -Ha—._D —ﬂ ﬁ. ».
i quotoeva poration from the surface of concrete

. prying Shrinkage :
irhe shrinkage that appears after the perging 200 1

i oncrete mixture due to loss of capillary M_M_.ﬂ .‘.s.; harde

ghrinkage- 113

cam:mmrlnwmmm generally occurs in the first fes,

" with time. efirst few ruonthaand decreases

Carbonation Shrinkage ;

e v, fume of conerete
s which leads 1y cracking.

ing of the

Carbonation shrinkage occurs due to the reaction ¢f carbon dioxide

1 1 T. v.\
AQONV wl wu. HHH@ #H QN.NROQ. ﬁmgm:ﬁ Bgﬂ D.— winotine C 0O .
t \ 3, car ,_L!w.;:_ ﬁ\N« m.:u to -

CaCO;.

The nﬁvobmn.mob m_ns@ penetrates the outer surface of the concrete

.. This type of shrinkage mainly occurs at medium hisidits .
increased strength and reduced permezhility, sidity and results
4 Autogenous Shrinkage :

Autogenous shrinkage occurs due to no moisture movement from

concrete paste under constant temperature.
Tt is a minor problem of concrete and can be ignored,

iAnswer -
T et e € s e

Affecting Factors of Shrinkage: -
1. Drying Conditions : a
i  Themost important factor isthe drying condition or the bumidity in the
atmosphere. . :
ii.  Noshrinkage will occur if the concrete is placed in cnz hundred percent
relative humidity.
2. Time:
i The shrinkage rate will decrease rapidly with time.
ii. It has been documented that 14 to 34 % of the 20 year shrinkage will
occur within two weeks of it being poured.
i. Within one year of the concrete being poured, shrinkage will be about
66 to 85 % of the 20 year shrinkage-
3 Water Cement Ratio

i The water to cement ratio will influence the amount of shrinkage that

occurs,
ii. " The concrote’s richness also affects the shrinkage. - i
i, The process of swelling and then drying affects the concrete’s integrity
and the shrinkage.

< on a3 drying.
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\l...m.w.\“\nw what arc the offect of shrinkag “ndhgy, iy
bﬁﬂ 4

it reduces
\IW »l
cwer o Ao ffectsof shrink
Ewmmﬂ.ﬁ mh%u?:aih&% thee rbbrbm_mo:oc:g"m“

ote between movement joints causes joints ¢
nITee U 18

of & . 09
.« Shrinkage 00 - éame j0ints must be designed to aceo Pen
\oe it wider. Theretore; Mmoday,
oy oakes it . hrinkage.

o matericls. such as ceramic tiles, are fixed on top omnonﬂzm
o Where o1Ner Taboaai=

- .. <rrinkage of the concrete nmcmmmnmumﬁa.maodmuumun vmﬁﬂmmu
r\u)cammw% ~scrials. The resulting stresses can cause failure 5y the

joiupesy

.,.s.&wmwﬂm.n:nxunum.9mnonﬁmﬁmmwﬁﬁmbnowmbmmoumbmsrmu

- ceress becomes equal to tensile strength, the concrete cracks

3
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£ the concrete causes the concrete to grip reinforcing bay,
- eiomtlv. This increases friction between concrete and steel ang ¢,
bond strength, especially for plain bars
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R
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)

o
-
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:efection of Jexural members is increased by shrinkage. Thig s
beeanze the lightls reinforced compression zone is free to shrink more
than heavilv reinforced tension zone.

[e3)

Sheinkare cauces & reduction in pre stressing force.

HuﬂmqmbnodoawrﬁwnwmmmuwonﬂmbmmHmﬁWmEmmmﬁmmgvmamwmbg
b
reduced shrickage :

1. Provide sun shades in case of slab construction to control the surface
lemperature.,

[

Dampen the subgrade of concrete before placement it is liable to water
zbzorption but should not over damp.

Try to start the curing soon after finishing.

o

.
.

Use chemical admixturesto accelerate the setting time of concrete.
Que 4.32, — What do you mean by Poisson’s ratio of concrete.
Answer

Poisson’s ratio :

It is aﬁmwﬁmwma as the ratio of later
compression test and may vary from 0.1

The Poisson's ratig can also be det
_A.uo:mb».?mq:msou. oflongitudinal vi
ultrasonic pulse velocity method.

The Poicson's ratio pu can be dete

—

al to longitudinal strain in
3t00,21.

—

ermined from the fundamental
bration of concrete specimen using

<

rmined from

4

L

2

iii.

ue 4.33. Define &ﬂﬂm&ﬂmﬂ% Omnaﬁnﬂm»h.gﬁum
%unﬁmg durability.

fvt Y L (1-q1)
fﬂm\v T -2

v = Pulse velocity, mm/sec

f...wm—‘m.
n = Resonant frequency of longitudinag vibration ;
L = Distance between transducers e tonin Hy
The value of Poisson’s ratio as determsi edby g
ined by

pigher and ranges from 0.20 to 0.25

5 m..DNEﬂ gb\&.}m w.w sh

factor affecting

purability : ,

The mE.m._u;uﬁ% of eoncreteds _mmmb.mn as its ability to resist weathering
action, chemical attack, abrasion, or any other process of deterforation
Durable concrete will retainits original form, quality, and serviceanility
when exposed to environment. : t
Factors Affecting Durability : Following are the factors aect: the
durability of concrete : ecting
Physical Factors :

Temperature :

a. Unfavourable temperature conditions can lead to shrinksge cracks
and volume changes.

b. Variation in temperature changes cause secondary stresses in
structures.

Moisture :

a2 Moisture induces corrosion in steel. Moisture also acts as a carrier

of chemicals inside the body of concrete.

Moisture can also cause efflorescence on structural surfaces.

Seepage / Leakages cause inconvenience to occupants and
deteriorates structures due to permeable concrete. .
Freezing and Thawing : Leads to expansion of concrete and cracking.
Chemical Factors : .
When we are dealing with durability, chemical mz.mnw 4?9%”%” ”w
volume change, cracking and consequent deterioration 0

become a major cause of concern.

~n?5£25ﬂ salts cause erosion of concrete

.V e change T
hnBoﬂs Content and w/c Ratio of nou.nn..a”m .MM_WMMH Mm concre
n cracks and cracks are responsible for disintegr:

b.

C.
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- it e A TN S S e PO



30 D (CESew= 5

4

4
-

[

AN

2

oty Production, Properties
ConeTet i g&.ﬂ.ﬂu..

41,
. . l...w

- transportation, Ebﬁb@ oom .
te, n

I

rimamsRip ! Ryclzog, SOOLE .
- SBIP oo workmanship {07 a durable concre

. Lz peT IS 456:2009)

§ e DTl ¥
g ST f TR

) ol - .
Embedded Steel
Cowrer t0 ) dia bar for mil
=t oo t0 12 M AR R ) i1ld “Xpos
i.. - Ures, thy

- . - - £V g - _
s e recoced bF 2 D

- oI OF
s abemrize. actual concTete cover should nog g,
Uaiwes specfed cbermse. SO T8 N o
... cfs porrd GOTRITAL OUVET D mm. X
S L0 TR ass 200 V5 ‘

fimeral Ol © =23l oferts only fresh concrete in their
o | eperalomm distidlales €] harg

-—
N

mﬂ.mnﬂ
conersE P
Cymae 3L a8 OAT sive et
, zmd zmimal oiis znd fats cause deterioration gf
potarrn Gt o Wl corrosve action. COncres,
..ruu.h of gopar hes retzriing effect 00 frezh concrete and hag

Tocs om hazrdemed concrete. Brady,)

ST BL

Lrmion of Sewzge : Comerete mmﬂ.mqmn_bbmbm?u._ remain .
ez i parualy flod s2weTs where hydrogen sulphide gas iz mﬂﬂu%%&ﬁ
i peid 13 formed, comcrete 2buve sewage level gets affecteq g,

PR sinn

) g Py
b PR L

at

Eoeked dem

o2, crmroarve action of guch acids.

200

1 eerorreees 3 o

%%@» Strength Concrete, Self Compacting i)

4 Concept Outline : Part-1 .o
5 Long and Medium Answer Type Questions

. 5-2T)
I ) ) O

(5-8D to 5-21D)

part-2
@ Uses of Fiber Reinforced Concrete, Ferro Coment )

4 Concept Outline : Part-2 ....... 53D
B.Long and Medium Answer Type Questions ... 5-8D

(5-21D to 5-27D)

Part-3

m.“:&\na&Qmmmn\wwn&v.gmaOo%.gmggggnw
and Status in India Fed el T

A.Concept Outline : Part-3 ........ 5-21D

B.Long and Medium Answer Type QUESHONS .......cwwrrsneeee

5-1 D (CE-Sem-5)



5-2 D(CE-Sem-5)

0
. /M.M?”.

PART-1

. Sfre rle, m...N\.QOU £ e -
- »and Uses of High Strength Concre 1bacy;
St ap Concrete. g,

CONCEPT OUTLINE :

PART-,

High Strength Concrete : It has no_.:?,ommm.,_.o strength
100 MPa as against conventional oc:nwm:m which hag com
Q?Eﬁr of less than 50 MPa. Concrete rcﬁnn compressjve
Mu..umnﬁ. than 200 MPa is classified as ultrahigh strength con
Advantages of High Strength Concrete :

L Superior durability and long term performance,

1. Reduced maintenance cost.

Self Compacting Concrete : Fresh nw:nnmnm can be n.n.n.&m o floy,
without any external effort. Such a flowing concrete which compact,
itself due toits own flowability is known as self compactin

of .._Unc
uuwommmc.m
mﬂﬁmﬂﬂﬁr
Creta,

__ Questions-Answers
—

N_f Long Answer Type and Medium Answer Type szmﬁo:m

Que 5.1. _ What do you understand by high strength concrete ?
Write down its advantages and disadvantages.

Answer ~

A

B.

High Strength Conecrete : For mixtures made with normal-weight

aggregates, high-strength concretes are considered to be those which

have compressive strengthg in excess of 40 MPa.

Advantages of HSC : .

High compressive streng h, Y
" Inercases rentg) space.

Reduces space oeey picd by columns,
Reduces dead load.
Reduces amnunt of steel,

High rise buildings can he build hy reduced « olumns,
To use the conerete Hervice af, carly age, c.t , pavement in 3 days
Disadvan tages of [HSC -

Must be: expertise in selection of ingredienty,

Damaged at higth temperature Le., lesy resistance to fire.

Technology

hi_n_ﬁ:.
53
\\mm.\\_ Discuss the guideljp,, TDCrg,,,
qQue : S?_aﬁsais f;!/
Alerialy for Hse
.>=me<n-. g

the higher target Compreggj,
1. M._.WM of concrete selected shoulq be: MMMM:BF uf S:Qm..m. the
more dense and compact and _mww woﬁﬂmn g y 3 by,
Upto 70 MPa noEv.ﬁ.mmmco Strengtp, Canh, . e
aggregate of a maximum 5ip Tanging ».Sm%wwwmma "ithagony Charse
To produce 100 MPa Compressjvea Stren, Brom,

size of 10 to 20 mm shou]q pe used. gth aZeregars Witha mae: uﬂ,

mate; )
fly ash and natural Pozzolanas, Tials, such 54 blast-furnacs o

tonly reduces 110 Haceslag,
concrete, but also addresseg the slump g5 m.—w%wﬁwwﬁr Productipy eost of

6. The optimum substitution level ig

24 hour strength that is considered acceptable, given climatic sin 1207

or the minimum stre ngth requireq. conditions
7. Whilesilica fume is usually not really necessary oy Compressive strengihg
under 70 MPa, most concrete mixtures containis who + stren ;
are specified. 0 higher strengihs

v Que 5.3. _ What are the various methods to achieye high strength

in concrete ? Also discuss their applications,

bbmﬂn.u. _
Pgmnron_mncbnru.ma.m Emrmnﬂwumzu..bo@unﬂﬁ" Foliowing are tha
special methods to achieve high strength in concrete - '
S Seeding : Thi< involves adding a small percentage &. mnma.. ground, fully
hydrated Portland cement to the fresh concrete mix. This method may

not hold much promise. .
(m. Revibration : Controlled revibration removes all Gm %._.maw_ like
bleeding, water accumulates, plastic shrinkage, continuous capillary
/& channels and increases the strength of concrete. gt

. L . involves the advan
% Migh Speed Slurry Mixing : This D eh I then blended it

Preparation of cement - water mixture whic :
aggregate to produce concrete. . ) known to
/\A.‘ Use of Admixtures : Use of water reducing agents are

< H:,on_:ncmznnmmmmmnoavnmmmmqmm:nnm&
a.

: concrete have
Sulphur Impregnation : Satisfactory ﬂmrthmwwwwﬂ te by sulphur.
been produced by impregnating low strength PO h up to 58 MPa.

s given strengt
The sulphur infiltrated concrete has givenstre

B A M B R v




6

o

o

-

oo

Que 5.4. _ What is self compacting concrete ? What are the

F4D(CESem& T

Specifie ﬁ.::ﬁ.?_
e OMrey,

hibition of Cracks: If the propagation of cracks in w:_:r:..._ :M
Inhibatr v L,

. ~ rete cubes marde thig Wi .
trengeth will be higher, Conerete o ¥ have Vie
strenppih B

PR _.,—F.Au
ctrength ap ta 1050400

Applications of High Strength Conerete :
N L]

High strength cancrete i8 required in engineering projecty th
tein e y

; ot J,
nponents that must resist high compresajve loady,
copcrete cor LA} !

...c.(.

High strength concrete is typically used in the erection of high
ich &
structures .
It has heen used in components =uch as columns :‘wﬁcn.D:% 0
1 has Oee ~L §

: N 4 . shear walls, 4
flonre where the loads will be greatest), shear walls, and foung

“Fing

n —Oc..ﬁ.w
D:c:m.

ationg » well
High «trengih concrete is occasionally used in the construction onrfrcsu.
MJ.L =

bnidges

Use of HSC in column section decreases the column size,

¢ i sused in bridge appli
High strengthe are also occasionally used ge applic

Use of HSC i column decreases amount of steel required for Same
column

in high rise building, use of HSC increases the floor area for repgy)
PUrgsose.

In bndges, use of HSC reduces the number of heams 8upporting the
slab,

properties, advantages and disadvantages of gelf noE_umoann,
concrete ?

Answer

Answer |

A

2
2,

1.

Sclf Compacting Concrete : It ju defined as “a conerete that is able to
flow under jte gwn weight and completely fill the formwork, while
maintsining homogeneity even in the presence of congested
reinforeement, and then conzolidate without the need for vibrating
cumpasction”, ’

Properties of SCC: In fresh state
“illing Ability : Flows casjly
Puassing Ability : Paspe

» SCC have the f ollowing properties:
at certain speed into formwork.

# through reinforcement without blocking.
Segregation Resistance : The

distribution of aggregate particles
remains homogene ooy in both v

rtical and horizontal dircction.
Advantages of SCC - Following are the advantages of SCC :
Afaster rate of placing, without vibrution,

Improved pumpability.

Improved consolidation around reinforcement,

Reduced permenbil ty.

ote Technology
ret — -
(on ) Jr/!...(/ﬁ//l. 5
\ﬂ«.;:nnm wear and tear o formy from, ..:_*a:.(,/,. i3] F@m.\

" jmpraves the quality, durapgy,, ™
0. N_:n to hetter compaction 4nq horm i

Easc of placement regulty jp, o,
: Jabour requirement,

5t ravip,

231 .
ol 2 rgc.ﬁ.‘ redyne, g
3 > Thent
isc from vibratorg and )
g8 noisc reduceq ., )
B H%aaam (HAVS), e fro hand e i
8 ..‘,

[mproves S:NE:RS-:::QE and proq

9. Reduced construction perjqqg, “eatyin contruction ind, Arry,
m Elimination of problems assciny,. g with vibratior

. Disa dvantages of mno : m.e:S&..w are the &m&.s...,vmmﬁ £

| More stringent requirementg on thy. selectiog o Materialy e

p Lackofglobally accepted test Standards ang mix .&ﬁ.«ﬂ. .

3, Costlier than conventional Concrete
' {exception to placement cogt ).

4 Requires more trial batches
" concrete plants,

More precise measurement angd monitoring of the constituent materials

based ¢p COnerete Material gost

at Egnmos.w a3 well a5 g¢ ready-mized

(=2l

Que 5.5. | Explain the materialg used for self com
Also give its applications.

Answer 2
P .z.—raal& Required for SCC - Following are the various materia]
required for making SCC :

Cement ; Ordinary Portland cement of 43 or 53 grade can be used.
Aggregates : Well graded cubical or rounded aggregates are desirable.
Water Quality : Maintained same as reinforced concrete.

Chemical Admixtures : Super plasticizers particularly poly-
carboxylated cthers are used in SCC.

5. Mineral Admixtures : Following are the mineral admixtures used is

SCC: )

L FlyAsh:It improves the quality and durability o<_. ncmnanwﬁ y

ii. GGBFS:1t improves rheological properties (semi-solid and liq
state). .

iii. Silica Fume: 1t improves mechanical uavﬁ.sﬁ.. S

iv. Stone Powder : Finely crushed limestone, dolomite, gx )
be added to increase powder content.

Application of SCC: Self compacting concrete

?:ai:n applications :

o

isideal to be used in the

pacting conerete, -

e bt AT 2 £
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it LT nwwunuﬁ ] ]
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T T o : Toe compressive Sreagth of SCC whey 30 0.2
Compressr= = - . —=7= oraparacular sirengthisalmes fck

AtLeast
0.18 em Thick
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-~ - P g =4 ET en's
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e T amTTEE
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STz LT SR L — All dimension i
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2 Bood Senpd 1 The pii-omt L ETE o Fig. 5L
im0 miizzies STPETHT bond strength of SCC. Fig.5.7.1.
4 Moduimsof Tlesticity : 1o —oAulns of elasticity for SCC and for 1-Box Te

ey mmmeTie 15 LLE SZIE.

The L-box test is used to find the passing ability of SCC.

The SCC sample is poured in to the L-box apparatus, now the plate is B

removed to allow flow. .

The L-box ratio is calculated as Hy H;.

When the ratio of H, to H, islarger than 0.8, self compacting concrete

has good passing ability. :

©  Freezeshzw Besistance: ozl r-strength of SCC has lessresistance
-s 2z enmpzred with low-strength normal

)
'\
ST ]

3
)

o Fwopmy s e e AT T
ek 200 TIEE ST

ro ity

B

& Creep: SOT nurmelly 8 more pasty 22 eompzred with normal concrete.

Sy s oreep i sliginiy higher,

B
2

7. Durability : Durzhility iz zlightly higher in SCC because of the

elfzi rztion of errurs wiich mzy oceur during placing and compaction

of arma) mineress. SCC is likely to have less voids. ]
) . .

Expusure w Fire : 50C has 2 more compact microstructure. This can :
leaf v high veguur pressure, S0 SCC has a higher risk of spalling 0.60 m

when expuwd W fire.

Explain the tests used for flow properties of self
/ compaeting concrete, o 5«
\‘. = 0.70 m

Auswer
R 0.20 m .\

Ferllessrisess ares thes warionss i
Olieriring ars the variows Wit that carried out on self com pacting concrete L\\\..J: e IFig. 6.7:2:]
i ol

1 fresh state - z pAABe Sras i

. . 3 H .5 Minutes : Vi
' V-Funnel Test and V-F unnel Test-at A‘Numon resistance of scC. o

The V-funnel test is used to find the segre




Specif

- Qem-B) ——
&D(CESem=7 .
W...a\\\itl leis pouredin to the V-funnel apparatus, poy, it
SO sample =8
The SCUsAmMPIE ht
v its weght. .
to flow b 1o of V-funnel is noted.
<ured the case of flow of the ao:nm.cpm. shorter flow ¢
se Lo 1088 e 1 1S s
This fest e ter flow ability. After 5 minutes of setting, Begregy;
indicate grea how a less continuous flow with an incregge n flgy,
. aless

1

jii. The cmptying tin

concrete will _A.lluhwo mn—=]
425 mm
150 mm
Ti_A\ 75 mm
65 mm o
'Fig.5.7.3..

., W PART-2 | - P
Study and Uses of Fiber Reinforced Concrete, Ferro

i CONCEPT OUTLINE : PART-2

»\\,,, Fiber Reinforced Concrete : They have improved tensile strength
' and toughness compared to conventional concrete. They also have

| improved energy absorption capacity. Advanced composites offer high

| tensile strength, durability, ductility, and preferred energy absorption

| capacity.

| FerroCement:Itisa type of thin wall reir > cCommon

| _constructed of hydraulic cementmortar reinforced with closely spaced

! layers of contifinous and relatively small size wire mesh. ‘The mesh

| may be made of metallic or other suitable materials . B

! Material Used in Ferro Cement :

‘ L' Cement mortar mix.

“ ii. Skeletal steel,

\ i Steel mesh reinforee 1,

iv.  Fiber-reinforced polymeric meshes,

——

Questions-Answers. s

Long Answer Type and Medium Answer H..ﬁ-@ﬂ:omro:m

‘ oo:a::g

] ==2¢£

C= OH
maa

reinforced concrete commonly

{

&%&nw; .

Znnmmmmav. of Fiber Namuno..oﬁ_ Ooun?»m )

1t increases the tensile strength of the SE.._.m&

1t reduces the air voids ang Water voigg the inp, _ :
It increases the durability oftp, concrets, erent porosity of gel.
Fibers such as graphite anq glasg have ex

while the same is not trye for MOst resins cellent Tesistanes ¢, nnmou

The differential deformati,
« = :-ngo

It has been recognized that the addition of g,y closely spaceq .«
’ ard

uniformly dispersed fibers to concrete would aor
would substantially improve jts static and dyn msu.wunmmwn n“.ausn and

Factors Affecting the Properties of FRC: Following £ as.u.
affecting the properties of fibre reinforced concrete - e e

Volume of Fiber:

Low volume fraction (< 1%): Used in slab and pavement that have Eww

exposed surface leading to high shrinkage cracking.
Moderate volume fraction (between 1 and 2 %): Used in construction
method such as shotcrete and in structures which requires improved
capacity against delamination, spalling and fatigue.
High volume fraction (> 2 %) : Used in making high performance fber
reinforced composites.
Aspect Ratio of Fiber:
Itis defined as ratio of length of fiber toits &EEE... (L/d). . "
Increase in the aspect ratio upto 75, there isincrease in relative streng
and toughness.
. ; d toughness.

Beyond 75 of aspect ratio, there is decrease in m#mnm»um“ S&uw o
Q..maﬂnmnmoﬂ of Fibers : Fibers aligned Mwﬂowmm distributed or
more tensile strength and toughness than
Perpendicular fibers. : _
—.ﬂe—mﬁmauw Fiber Matrix: Joss than of fibers for efficient
Modulys of elasticity of matrix must be less
8tre. R 3

S8 transfer. and Polypropyleneim

Low modulus fibers like Nylons o 2ss, and
2bsorption while high modulus fibers (Stech

Strength and stiffness.

more energy
vmﬁaga imparts

03 of concretse and the reinforcemens are

T S AT T e S e

N B
 r—— e



Bpecific (,
s-10D(CESem® T Conergy,

- « Krbility and Compaction of Concreto: _:2:.?_‘:’5: of
Waorknabilit)

o iderably. This situagi
5 acronacs the workability considerably ion Ndyg,

fiber d idnti »sh mix. Even prolonged extorng] viy. ly
affects the consolidation of fresh miy 1 <__=.=:c:

fils to compact the concrete.

Size of Conrse Aggregate : Fibera :._zs act a8 agRregate Maximyy, iy
" m wm conrse aggregate should be rest dig to 10 mum, Lo avojq 5532:50
w‘d:qzﬁws in strength of the composite. "
Mixing: Mixing of fiber ..1:?.23 no:.ﬁ.os :ocun.” o,s...ﬁ.:_ na_,_&:o:a to
avord balling of fibers, segregation and in general the diffiey] ty S.::xm:m

the materials uniformly.

Que by, ~ Explain the various types of fiber ugeq in fiboy
reinforeement concrete.

]

Types of Fiber : Following are the various types of fibers used in fibeyp
reinforced concrete ;
1. SteelFiber:

Stecl fiber is one of the most commonly used fiber. They are _wgou::w
round. The diameter may vary from wmlmuu.:b to 0.75 mm,

The steel fiber is likely to get rusted and lose some of its strength,

i Use of steel fiber makes significant improvements in flexural impact
and fatigue strength of concrete.

w.  Steel fibers have been extensively used in overlays or roads pavements,
air fields, bridge decks, thin shells and floorings subjected to wear and
tear and chemical attack. .

< Glass Fiber:
i These are produced in three basic forms :
a.  Rovings.
b, Strands.
¢ Woven or chopped strand mat,
ii.  Major problems in their use are breakage of fiber and the surface
degradation of glass by high alkalinity of the hydrated cement paste.
1L me.m mv@q reinforced concrete (GFRC) is mostly used for decorative
application rather than structural purposes.
- With the addition of just 5% glass fibers, an improvement in the impact
strength of up to 1500 % cap be obtained as compared to plain concrete.
v. With the addition of 2 ¢, fibers the flexural strength is almost doubled.
3. Plastic Fiber :
’ MMvWancnr 2s polypropylene, nylon, acrylic, aramid and polyethylent
ve high tensile Strength thys inhibiting reinforcing effect.

w0 qechnology
:ﬂﬂﬁ. ’ e [’Ifl'
W\,\\\Ea_aac and nylon fiberg mzwfllf/../ 617 d:uw. .
= polyP trength. * foung 10 be pr e ML)
B jmpact =_ Jition to concrete saiszms‘ e
Their addl Pt “te hay areew: be Mcreag, the
it pduced crack size, Her digt ripyy, )
(arbon Fiber: " rackiny and
4 Carbon fibers possgesg high tensile Strengyy, .
I The use of carbon fiber jp Concretn mﬁ and Ew&wecaw.aiﬂ fio!
i availability of carbon fiber jn India g ::“. %Sssgw but iy ¢, ubg,
b pshestos Fiber : °d. " “oatly ang
. Asbestos i8 a mineral fiber apgq hag
g ,.ww_.nr can be mixed with Opc,  Proved to b, 0% Successpoy
. . u ‘NN-
. The maximum length of aghegtog fibep i :
" ghorter than this beris 1 miy but Eenerally fhery arp
Advantages of FRC : Following are the advantages of FRC:

1 FRC possesses enough plasticity t, 8o under large deformation o?.m_En .

peak load has been reached.

Structure can be made into thin sheets or irregular shapes,

Higher flexural strength, depending on addition rate,

Greater retained toughness in conventiona] concrete mixes,

Easily placed, cast, sprayed and less labour intensive than Emmnw rebar,
Ideal aspect ratio which makes them excellent for early-age performanee.
Does not rust nor corrode and requires no minimum cover. .
High modulus of elasticity for effective long term reinforcement, even
in the hardened concrete, .
Disadvantages of FRC : Following are the disadvantages of FRC :

L High cost of materials.

Greater reduction of workability.

d
3 Qa:maﬂ_w fibers do not increase the flexural mc,mnnnw cmﬁmwnwﬂ
°0 ¢annot replace moment resisting or structural steel re :

. Y ; B
Explain the mechanical properties of FRCas co pared

5:0 5.1 1.
ed concrete and structural __wrmﬁeE. of FR

_.o gmzwo.w.n
.%mﬁﬂow_( ; hanical

A . e gre the mec
Eonrmﬂmow_ Properties of FRC : Following 2
Uﬁoﬁmﬂnmmm of FRC : ) .
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floxural strength was reported to bhe increageg JWM/
ont fibers. N 5
city : Modulus of elasticity of FRC m:anmaz slic

o croase i the fibers content. It was ?E.E that fo, cag)

i Eﬂ, —M,,.n_...rsﬁ in fiber content by velume, there is an Incroqg, c._;
?”nﬂmM» in the modulus of elasticity. 3
pereet ive Strength : The presence of fibers may alter
OonmﬁMMMWN%E but the fiber effect will be minor on the i,
Jﬂﬂrs“,ﬂ:..mm?m strength values (0 to 15 percent).
01 €O

act Resistance : The impact strength for m@nocw coneret, :
%ﬂn&? 5 to 10 times that of plain concrete mmﬁmu.&um. on the <o_EuM
of fiber. . .
Fatigue Strength: The addition of fibers increases fatigue mnnmnmg of
about 90 percent. . . ‘
Toughness : For FRC, toughness is about 10 to 40 timeg that of plaiy
concrete.

ittd i : The presence of 3 percent fihe
Splitting Tensile Strength pre ) b
‘..MEHm was reported to increase the splitting tensile strength of mo H.Sw
about 2.5 times that of the unreinforced one.

Structural behaviour of FRC : Fibres plays an important role tg
improving the structural behaviour of concrete. Following are the
structural behaviour of FRC :

High Strength Concrete : Fibers increases the ductility ofhigh strength
concrete. Fiber addition will help in controlling cracks and deflections,
Torsion :

The use of fibers eliminates the sudden failure characteristic of plain
concrete beams,

It increases stiffness, torsional strength, ductility, rotational capacity,
and the number of cracks with less crack width.

Flexure:

The use of fibers in reinforced concrete flexure members increases
ductility, tensile strength, moment capacity, and stiffness.

The fibers improve crack control and preserve post cracking structural
integrity of members.

Cracking and Deflection :

w;&mn reinforcement effectively controlg cracking and deflection, in
addition to strength improvement,

F.noncmuacbmbw reinforced concrete beams, fiber addition increases
stiffness, and reduces deflection.

Column ;

The increase of fiber con
loaded specimen.

P
R
S

Flexure : The 2
1 o
times using 4 pere

Modulus of Elasti

the failyy,
@3(.05@-.5

LI

tent slightly increases the ductility of axially

P BIVE by r.
b gpear . pe Es&wﬂsu./
¢ Jdition of fibers increases shear capacit . r3,
i >u to 100 percent. Yo reinfore,g COnCTety by
M ddition of randomly _“mmﬂrﬁmm fibers iocres, ® Deamg
. imate stren Se38hane oo
i pdultimate gt anosmqgﬁa
12.] Explain the use of fiber reinfoy
Ted ! Ced nonﬂ._.mg
d xm.d: owing are the uses of fiber Teinforceq concrete -
\Mw Runway, ?!M.mﬂn_vwn_bum. and Pavements.

/' For the same wheel load FRC slahg could :
,/v\w plain concrete slab. be about ope halfthe thicyren,
. FRC pavements offer good Tesistap . :

i M.uiu.obuumbem. C¢ even in severe zng mild
. Tt can be used in runways, taxiways, aprons, seaw. . .
> and loading ramps. mum.aonwm.m&. parking

2 Tunnel Lining and Slope Stabilization :
Steel fiber reinforced concrete is
and rock slope stabilization.

i Iteliminates the need for mesh reinforcement ang seaffolding.

3 Dams and Hydraulic Structure : FRC is being used for the
construction and repair of dams and otherhydrautic structuresto provide
resistance to cavitation and severe erosion caused by the impact of large
debris.

4 Thin Shell, Walls, Pipes, and Manholes :

m.Egoﬁmoobnﬂonm&mdﬁ.ﬁmnrmﬁmomgmwmmnmnnsﬁ,&mﬂﬂg
elements. :

i Steel fibrous shotcrete is used in the construction of hemispherical
domes, ) )
8 Agriculture: It is used in animal storage structures, walls, silos, paving,
ete
) . . i anels,
6 Precast Concrete and Products: It is Emm n mnmn“ ﬁwmw%:ﬂzﬂu
tilt-up construction, walls, fencing, septic tanks, gre
Vaults and sculptures. o foors, slabs and parking
Commercial: It is used for exterior and interior floors,
areas, roadways, etc. Joaded floors.
’ . :n light to heavy duty
Warehouse /Industrial : It is used inlight sidewalks, pool

o e # jveways, :
Residential : It includes application _ﬁu mw_sb%mca. drainage, €t
onstruction, basements, colored concrete:

used to line underground openings

{
!
i
!
i
i
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ANF-A: 513 “ Definc ferre coment. What are the mra—.c::».nnnnu y z —— = .\..ﬁw&s.n._
. cement 7 ¥ ang ;.ﬁ.n . arc the materialg . T
disadvantages of ferre " f _..s:ci:.n ) Tequireq for .
J ent Mortar Mix : Bm_csn forr,
Answer . | Cer® nents are Port|; ?temen,
Ferro Cement : It is 2 type of thin wall reinforced concrete com U oqts n.eavom and Cement, fing
constructed of hydraulic cement mortar reinforced with close] Mon|y, P E_EE_,E.Q . > mmﬁ.mmm?m - i
avers of continuous and relatively small size wire mesh, Y SPaceq _.ES:E should satisfy al] Tequisite stand " ater, ang
Advantages of Ferro-Cement : 1 %nﬁ.mg i ards Similar ¢, Teinf, |
i assu ict . “1nfopy {
1. Low maintenance costs. ; .ﬁ_wnimm suc Umg_wwn_ﬁwmwm. silicy fumes andf §
2 Good impermeability. ysed- ’ Y ash cap a1, i1
2 Good imperm speletal steel analsy b, 5
3. Goed fire resistance. A he skelet £ ;
N Jriate for develoni Ncils: Labouri ) ?m.oEn es on o ﬁrmmnﬂsﬁE,m ) :
4 Veryappropriate ifor developing countries; labour intensive, b mentin the form of welded wireg % steel is ofye Wsed ;
iy yea . 2o N\t e or . ed ;
5  Flexbility in cutting, drilling and jointing. ”_.m trands. asimple girg or stee] ﬁ»ﬂ ».m“m. |
5 - » Tods, 4
6  Suitability for pre-casting. . Meshlayers are attached around thig 1
. & L Me H din . . mwmmmgh— mgm—\ﬂ.ﬁ 5
7. 20 % savings on materials and cost. a5 a Spacer, m.m : g to savings is the mesh layer. e steel alsy ey :
8 Itis Emw_u.f.mﬂm,mﬁ.mm and can be formed into almost any shape for 5 wide j Ithelpsin resisting tensile and punching sheay. 1)
range of uses. :
£ge \ — ZEBrmH of mesh _mwmuw =92

Thin elements and light structures, reduction in self weight ang jig

simple techniques require a minimum of skilled labor-. o L/ o 4 A
ré T (o}
10. Reduction in expensive form work so economy and speed can be achieveq, Cover E 195 4
2.5 mm i1
o (0.5 in.) H

Only a few simple hand tools are needed to build any structures.

11.

12. Structures are highly waterproof and higher strength to weight ratio i
than R.C.C. . Typical details for 2 mesh layers i
Disadvantages of Ferro-Cement : m. -,m.m,—mn,m_mm_w@wcmmm—. i

L Tyingrods and mesh together is especially tedious and time consuming. 3 Steel Mesh Reinforcement :

2. Large number of labours required. i Steel meshes are the primary reinforcement for ferro cement. j m.

3. Itisdifficult to fasten to ferro cement with bolt, screw, welding and nail L The meshes can be square woven or welded, or chicken wire meshes of
ete. hexagonal shape and sheet m

4. Corrosion of the reinforcing material due to the incomplete coverage of i In most steel meshes, whether woven or .,m.mE&. Em. u.guwwmmm mn mwo | M
metal by mortar. “.Sm.;c&sm._ and transverse directions are different. This isalso applicable ; _

5. Itcan be punctured by collision with pointed objects. o mxmmosm_ and expanded meshes. «

6. Susceptibility to stress rupture failure. \“ E | m

7.  Low ductility. . ] M

8. Low shear strength. % w
a_ Explain in detail the materials which are required (¢ al mesh il
Chicken or hexagonal muvmi&ﬁ%mﬁ ~ w

wire mesh

make ferro cement concrete.
(a) (]
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Tiz. 3342 Siesl meshed used in ferro cement.

Tine Bsizforced Polymeric Meshes:

TOET S

msl r== o= mas poor dorebility and is Susceptible

= < . t0 corpae:
= re—~rroel polFer is the best alternative to step] Bmmrmmqomaa.

 oremid, o other gy
pesizT—eTes Talevials embedded in polymeric matrices inthe

[

FIF re=—=ee—==ts —ads Trom carbon, glass, aramid, of othe
. - N form
tzmizze z=Z sends zre being produced and ummn:&mmm mbwm of

J

Gue 533 | Expl=in the various methods of Emﬁﬁ.mnﬁu.ibm of ferpg
cement with their merits 2nd demerits.

Arswer w

Method of Ferro Cement : Following are the various construction
metnots of ferro cement

Zkeletz] Method :

Ir <nlz method z framework of reinforcing bars (skeletal steel) is
wunstroced, w which z layer of meshes is applied Fig. 5.15.1.

=

—_— Z [} Z Lol o]
2

0
q
q
g
q

Fig. 5.15.1, Skeletal armature method,

- . s , ntila
“erbanrtae s spplicd on one side and forced through the mesh U
BRI Cx ks gk on Lhe other side,

- . . up:_-e.
Advantayes ; p Oltwing sre thee advantages of the skeletal arm
LI T

=N

Yoty geloit . y 1 I
LB elsbarate form msterisl reguired,

w

pechnetony
-:_, e - T ———
4v . .
' Afel U repair the T py,
g fo AR B EEEL Wholo nrg, Crom . ,?.(Ffa.
.C“:* z.:..:.::::. M 7::_ iy TS W)
oo t A, e~

spair when damaged,

AN

. . 1N .
:?_.:.:ncz : Following are

zz:::.é method:
ariv . - .
:a_:.:::: of mortar from opg s
.;.:,?.—.:

. anic corrosion may develop by,

(e o ,.— . ¢
.dment of skeletal reinforcemeny

mN““_c,J o reduced performance in beg &amg.. the ¢o

W% ed Mould Method :

1n this E.mnrom.. .mme.mnm. mesh or mesh-and.poq .
together in position against the Surface of 5 EQEMO%_.USES are helq
ig.

\[ortar is then applied from the open side, T, 5.15.9,

uwanhmbn part of the structure of can be _.mE“MMmE ﬁzﬁ. remains 4
an

Teused.

R RERRRRARIRK

Bond breake

i RK 11 ble mould
atinterface SKKL mpermab ,
LR RKHRRARRRIRLS

Fig 5162 Clowd ol et
Advantages : Following are the advantages of the closed mould method:
[deal for factory production since the reuse of moulds is permitted.
Skeletal reinforcement not required.
Suitable for patented lay-up method. 2 i

. d
u_mpn_eﬁ:n:mo 8 : Following are the disadvantages of the close:
Mmethg .

U:.mnc_n to avoid internal voids, especially below re
) 3 ay n
““Mpleto penetration of mortar from one side May
Integry) Mould Method :

inforcement mesh.
ot be ncwmmZm.
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Toz sipeeal load elongation coppe g,
Zrrocement prizmis shownip Fig s Hm..._..ml. Nm mu.nnﬂm Frem i
- .. 3 3 TS/ &L, rermeeye
Toe behzviour is mainly divided . e
mMm I:C nds e et three e e

el : Correzponds w0 the aseerdivs 1. .
carve (OA). ascending Frear elacii; persion of the
Btage II : Corresponds to the unstzh! .
szrts 2nd stabilizes, Stalle portion (4B) where craciing
M‘S,mm E : .4\&.mnm is womn elongation is almost Linear elastic and the
wack .S%r_h.ﬁﬁmwmm d.ﬁnwgmﬁ@rnmmum@m&gvmﬂﬁomﬂhnﬁ.
m His £tage exists until the reinforcing steel yields. There will be cnly a
few wide cracks across the steel,
From Fig. 5.16.1, the main difference lies in unstable stage [TAB.
Eloruily adapts to the increasing load by increasing its extensibilizy. Macy
fine cracks form, When cracks form, the increase in crack widthis sma
“mpared to reinforced concrete.
Cracy, width in ferro cement can be one to two orders of %
Maller than that of reinforced concrete. However, there area
of fine cracks,

é"
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Specific Cop,

Teetey

9

~— Nearly horizanta] —,

! —
> v
- 't
S I T 60 B0 100 120
Elongation
‘a)RCC
iz Nearly
! m i Cp _u horizonta)
1) ru.ucm.r.v.um cracking ]
£ A _\ i
S A
50 z0 100 129

Elungation

b Ferro cemnent Y
Fig. 5.16.1. Behzviguy ol (2) RCC compared with that of (b) ferrg cement.

Explain the various application of ferro cement,

Answer _

L

i

i

N

2
3.

s

Folluwing zre the variuus applicatinng of ferro cement -
Marine Applieati ons:

Ferrs cement i uned fi,r

miaking bosty, fishing
tuge, Notusinn trioys,

veersels, barges, cargo
Hey eriteriy fur marnine applications. light weight, impact, resistance,
thicknees und water tightness,

Water Supply and Banitation - Wester tanks, sedimentation tanks,
swnmningg gl linings, e casings, peptie tanks ete,

Agricultural : Gryiy, Borsge bing, silos, ¢z,

fish and poultry furms,

Fesidential Buildings ; Houses, Communiyy

centers, precast housing
clements, corrugated roofing sheets, wa)) paacly ote,

nallinings, pipes, shells for

ergy : Biogas &n.‘..ﬂéﬁ bigy. ey
?.ww_ m::n:&‘ collectorgere, "His ]

olar e 5 ingin,,
5 e jlaneous Uses : Sil;, and p;

Precast ferro cement B
Bus shelters ete,

Sy
% What are the major &Qm-.mun:. 6 g
[ Emann@m concrete ?

o m.: owing are the propertics of
0

oper ferro copy,,
mmEmcnomBmu.n distribution ig

e It Over p, . .
unifgrm througr, e ety .
peinforcement is provided in both directing, :
inner section compared tq RCe,
Ferro cement can have hom Ogeneous, Lotropie Properties :
directions. v

rro cement generally has high ey, EUrengtnand e
”E,Em. Its tensile strength can be ofthe same order Mu %SHMM
strength. .

5 Ferro cement generally has a high reinforcement ratiy i both tengizg
and compression and in both direetions, ,

R

o

twg

=y

Ferro cement has alarge specific surfac
totwo orders of magnitude that of r

& Extensibility of ferro cement g
concrete,

=\

e of reinforeemeny whichiznge
einforced concrete.

large in comparison of reinforeed

% The crack widths are generally very small. It shows good durghiliry
under various kinds of environmental exposure.

10. Ferro cement has hetter resistance towards punching shear as well zs
resistance to impact compared to reinforced concrete,

O ek
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CONCEPT OUTLINE : PART
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. P Eu_hg inwhic
feady v ixed Concerete (RMC): Itisa %ﬁ_nwmnw_sw& ataplant
tncnt, BKEregate, and other ingredientsare .NE construction Site-
Macengpy) or truck mixer before delivery to
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522D AOMJTA-nu—lmv
_ Rec (a r (o rte It cus! wroken conerete pi
« The reuse of brok rete iccey
¢ -Jﬂou m gn—dnﬂ—.—n. ﬂ.& nere P

s coarse agETegate isaproven technology. Old q::nz,w. c canbe crushed
a m?» .m. ww. fre<h conerete as partial replacement o.m.n.ode.osro:p_
& 18¢ + . A
H..”.:.”. al aggregates. Theold concrete can be from demolition waste gp

left over cancrete at a construction site.

Questions-Answers

swer Type Questions

Long Answer Type and Medium An

Que 5.19. _ Define ready mix concrete. What are the advantages
and disadvantages of using ready mixed concrete instead of site

mixed concrete ?

Answer _

1. Ready Mix Concrete : Ready mixed concrete is nmmu.um.n_ as concrete
’ mixed ina stationary mixer in a central batching and mixing Emba.o_. i

a truck mixer and supplied in a fresh condition to the purchaser either
at site or into purchaser’s vehicle.

2.  Advantages of RMC : Following are the advantages of ready mix
cancrete :

i Betterquality concrete is produced.

ii. Elimination of storage space for basic materials at site.

ii.  Elimination of hiring plant and machinery.

iv. Wastage of basic materialsis avoided.

v.  Labour associated with production of concrete is eliminated.

vi. Time required is greatly reduced.

vii. Noize and dust pollution at site is reduced.

viii. No wastage on gite.

iz.  Environment friendly.

2. Disadvantages of RMC : Following are the disadvantages of RMC:

i. Need huge initial investrent,

i, Notaffordable for arnall projects (small quantity of concrete).

i, Needs effective transportation system from RMC to project site.

iv. ‘Traffic jom or failure of the vehicle ereates a problem if the proper dose

of admixture iz not given,

v.  Concrete's limited time span between mixing and going-of{ means that
ready-mix shiould be placed within 80 minutes of batching at the plant.

Concrete Technology 5-23 D (CE-Sem-5)

Que 6.20, _ Explain the components of RMC plant in brief.

Answer _

Components of RMC Plant : Fuilowing are the components of RMC
plants:

1. Batching Plant:
i. Inline Bins: Raw materials like fine and coarse aggrepgates sre stored

in bins known as “Inlines bins” where the trucks carrying fine and
coarse aggregate can dump the material easily.

ii. Silos:Cement and fly ash are stored in an airtich: container called as
“silos”. The required quantity of cement and fly ash is exfr=cied by the
silos.

iii. Screw Conveyer Belt :

L  Cement and fly ash are fed to holding hopper with the help of a screw
conveyer.

=

A beavy duty cement screw conveyor is fixed in an inclined position to
convey the cement from manual feeding hopper to cement hopper.
2. Transit Mixers :

Transit mixers are made to transport and mix concrete up to the
construction site.

-

E:

The discharge of concrete is done from rear side of the transit mixer.

3. Concrete Pumps: A concrete pump is a machine used for transferring
liquid concrete by pumping.

4. Vibrator : A vibrator is a mechanical device to generate vibrations to
remove the air voids in concrete and for proper compaction of concrete.

Que 5.21. | What are the applications of ready mixed concrete ?

bbmeqnn _
Following are the applications of RMC :

1. Ready mix concrete is a modern technique of production of concrete in
large quantities away from the actual site of placing.

2. RMCisvery useful in cities where demand of concrete is very high and
construction sites are in congested areas, where mixing on site is not

possible.

3. The supervisory and labour costs associated with production of RMC is

less, and the quality of concrete is high.

4. RMCis suitable for huge industrial and residential projects where time

plays a vital role.
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5 RMUC isused for civil engineering works and structures such gg rlaﬂc

bl Ny 4 A . A 2 A : X : )
tunnel coverad trenches, conervte for retainment. shoterete, e,

8. RMC is used for building projects such as walls, piles, columns, Kirderg

(LN L 23 o | i A -

el

Specific Ca_:ﬁ,

RMC s used for read and syvstems development such ag extr
concrete, concrete trenches, exposed ageremate concrete, linked sin
concrele.

udeq
tereq

Que 5.22, m Describe the comparison of ready mix concrete ang

normal site mixing concrete.

Answer _

Comparison between Ready Mix Concrete & Site Mix Concrete .

S.Na.|  Ready Mix Concrete Site Mix Concrete ]

L Quality is consistent because| Quality is inconsistent because
concrete is made in high tech| concrete is hand mixed.
‘batching oplants in a
| computerized environment.

2 Censtructon in double quick| Manual mixing is time consuming,

tme. Projects take longer time to finish_
3 ' There'snoworry zbout w stock| Risk of stealing of raw materialg
{ materials and watch over| ishigh.
them.
< Large gquantities of concrete| It more time, due to large manual
i can be ordered in less time. works.
3. v

._ No wastage of raw materials High wastage of raw materials due
{ a1 site. to manual mixing.

6. No haszsle of managing labour| Management of labour means
on site, more time, efforts and money.
7 | Safe work practices - no Unskilled and untrained

| disruption inthe schedule. labourers may work carelessly

resulting in dangerous working
condition

e —————————
Que 5.23. _ Explain recycled aggregate concrete. Describe the
varicus properties of recycled aggregate concrete.

1

ke v

m.c:..?,:. .ﬂanr:c_oa.

‘\\I\l\

Recycled >m§.¢na3 Oo—.a..m»o

Recycled aggre gate Concreteq is ".,.:.n

has been removed frop, buil ding, Wﬂw the alg Waregar, ,

structures, and crushed g ¢y, Specig. Tations Paveme.  "2¢T¢te thay

The reuse of brokep concrete ; led gigg. hts ang Others

nmngo_omu.. Old Concrete cap, be eCes ag Coarge 3gregar :

partial replacement for 8333“%” and useq 1y gate M 2 proven

The old concrete cap be from, mmsomn.s.m_ Rregates,  Ttteas

aggregate) or lefioyer concrete 53 , - 100 wagy, (recycleq

aggregate). PStrction site (lepg. - CURCTRLe
fresh T o

The fresh concrete leftover at a site can a1

paste and the aggregates recovered yq rmmua be washeq freq of cemeny

concrete aggregate). used subseqy tly (recovered

Waste materials from othering trieg

used as secondary aggregates. “sines (e.g. broken glass

Properties of Recycled Aggregate Concrete;

The concrete produced with recyeleg . .

more rapidly than the conventional nonMMn.mﬂm losses its workabilisy
m.dowﬁmbmmbanomwmm

15 per cent more free water i Tequired. recseled aggregates, around
An air entraining and w

£ ater reducing admixture shal] be ot
into fresh recycled aggregate concrete mix. be ncorporased
The air content of recycled aggregate concrete may be slightly higher
than that of conventional aggregate concretes, it shallbe hetween 3 a1 4
6 per cent.

The slump of recycled coarse aggregate concrete shall not exceed
200 mm.

Water-

cement ratio shall not exceed 0.65. Cement content shall not be
less than 260 kg/m3.

To achieve comparable strength, recveled aggregate concretes requires
approximately 8 to 15 per cent higher cement contents.

The compressive strength of recveled segregate momaﬂm Mw in ﬂwmo. uwmw
of about 75 per cent, and the modulus of elasticity about 65 pe
conventional concrete with natural aggregates. e
The tensile and flexural strengths are mnuBﬂBunm:H %Eﬁ.”“ﬂwmun“
The damping capacity, expressed in terms of mom“.mww E,.r

has been reported to be between 15 to 20 per cen - higher,

The creep and drying shrinkage are 3010 60 ann ot eeiiias
The abrasion resistance for concrete has bee

‘0mpared to original concrete.
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Que 324, _ What are the advantages and disadvantages of Teeyelog

aggregnte concerete 7

ot

Ur oM. Wty

o

O oo o

Advantages of Recycled Aggregate Concrete :

Using recycled conerete as the base .:.E.,E...E for roadways reduceg the
pollution involved in trucking material.

Using recyeled material as gravel reduces the need for grave] i
Reeping concrete debris out of landfills saves landfill space,
Produce specification sized recycled aggregates at own locationp,
Avoid haul-off costs and landfill dispoesal fees.

Eliminate the expense of aggregate material imports and exports.

Increase project efficiency and improve job cost - recycled concrete
aggregates yield more volume by weight (up to 15 %),

Disadvantages of Recycled Aggregate Concrete :
Decrease in strength and elastic modulus.

Lower bulk specific gravity.

Reduced workability due to higher water absorption capacity,
Higher absorption capacity range from 3 % - 9 %.

Greater moisture shrinkage potential.

Ning,

Que 5.25. m How recycled aggregate produced ? Also give itg
applications.

‘ .mviﬁ,vm:nmou of Recycled Aggregate :

The basic method of the recycling is one of crushing the debris to
produce a granular product of given particle size and then reprocessing
and screening, the degree of which depends on the level of contamination
and the application of which recycled aggregate is produced.

Recycled aggregates normally have more angular shape and more
coarser surface and exhibit more or less similar particle size distribution
as that for natural aggregate,

Applications of Recycled Aggregate : The applications of recycled
aggregate in construction areas are as follows :

Aggregate Base Course, or the untreated aggregates used as foundation
for roadway pavement, is the underlying layer which forms a structural
foundation for paving.

It is used for residential slab and foundation; walk and curb residential

street; commercial slab and foundation and concrete paving per aggregate
approval.

¢ Technology

C %nnl
:oe Bedding : Recycleg co
ipc B° . 2 Ncre !
paving Blocks : Recycloq 8Egregat,, rm,“:r:ﬁ. ® beq  firg
4 ;n some countries, € beon Wd gy
i Building Blocks : wumnw&mn a8gregas, hasbe, Paving Bloed,,
6 Emaamﬁmawnm«mm_.am * Recycleg Coner "5 ag z
landscape settings. Sized concre,., rubbge Tt Can b at g blocky
p Recycled aggregate hag been useq 38: Serve gy, o - 0 wwwaﬁ
" underpass abutment strycqy,  eroc gsas.\msommn  foatire
retaining walls. 10 Structupe, s».saqan».w s
5 1t can be used for ncpmwﬂunwg.w Butters - Catures.
g Large pieces o.m crushed aggregate P.E.vm €lents gt
which in turn is very usefu i Su:o:Em_M%h for Building Tevetmens,
10. Recycled conerete rubbjeg can be ygeg mmgmn,muoﬂoﬂ
11. Production om..ﬁmn%n_mm aggregate a5, resultg ey COncrets.
products rmﬁn._m many uses such g5 5 mwcgnsmmpﬂu%p ofmany by,
concrete addition, an asphaj; filler et Mprovemens Tateria] 5

Que 5.26. | Write shorts notes op gt
concrete in India.

Though it is not even in top ten when it comes to production of recycled
aggregate concrete.

Zo.é as the government is gearing up for development of new cities,
buildings, roads etc., the gates are wide open for production of more
recycled aggregate. ‘

Not only the problem of hundreds of thousands of tons .om construction
debris can be solved by recycling and reusing the building s.pwmw bt
also the issue of shortage of natural aggregates canbe uw&ww i
Recycled aggregate concrete have several reliable %Eam»“owwmﬂmﬁ
countries like India need to take some Beriams _5%”%8 recycling
Unleash the scope of recycled aggregate andifdone mmnmz. construction
Will become one of the most important elemen

Sustainabyliy.
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1.1.

ANE

12. Give the chemical composition of or

——
What do vou understand by cement ?

Cement is an extremely ground anolm_ having adhesijyq ang
cohesive properties, which provide a binding medium fo, the
discrete ingredients.

dinary Portlanq
cement.
 Oxide Percentage 5
‘I’!l
Lime, Ca0O 60-65 B 63
* Silica, SiO, 17-25 20
Alumina, Al,O, 3.5-9 —6.3
Iron oxide, FeQ, 0.5-6 3.3
Magnesia, MgO 054 - lt—mgy
Sulphur trioxide, S0, 1-2 15
A Alkalis, i.c., sodaor potash, Na,0, K0 05-13 | 19
1.3. Enlist the Bogue’s composition of cement,
Anz. The composition of portland cementis basically consist of four main
compounds ;
i. Tricalcium silicate C45 - 3 Ca0. Si0, (Alite)
ii- Dicalcium silicate C,S - 2Ca0 . 810, tBelite)
iit. Tricalcium aluminate C,A—3Ca0. AL O, (Aluminate) .
iv. Tetracaleium alumine ferrite C,AF — 4Ca0, AL0,. Fe,0, (Ferrite)
14. What do you mean by hydration of cement ?
Ans. The chemical reactions that take place between cement and water
is referred os hydration of cement,
15, Define heat of hydration. .
Ans. When reuaction takes place between cement and water, the reaction
liberate o e::xE._.n_L_... quantity of heat. This liberation of heat is
called heat of hydration.,
L6. Give the various types of cement.
Ang.

Following are the various types of coment :

ity
Ordinary Portlanq

1. g Cment,
i, Sulphate resisting cemeny . ;
v, Low heat cement, " Quigy, ety Cormgny
vil. Air entraining cemen vi. m_mfwcgm@ CMeny
. . a nm.a_w:n
1.7 5.2.” E% rapid hardenip, Ceing ‘
xas. Rapid hardening Cement i nt Used »
.?Em. In pre-fabricateq concrete Mwncsams

ded in
ii. Road repair workg, NStruct; the fy g,

On, ing Situaty,
#i. Incold weather Concrete CONstryeq; n:
10n.
18. Under what wmnﬂﬂﬁoﬂm. We use g1
ATE m.o:%éw:m are the conditjgpg mpsgw.v:_pwa Fesisting Cemen;.
used : Sulphate peg: .
i. Concrete to be used ip, marine eopg:: _.mw.aﬁsmnmamﬂ
ii. Concrete to be used ip ?c:nmzoussp
infested with sulphateg, and wmmmamﬂ. where i ;
iii. Concrete to be used in the COnStructioy o o ) is
a0 treatment o
1.9. What are the ﬁ&dﬂbwﬂﬂ@m of —uol_ubm _ 0t works
Ans. Following are the advantageg of Portlang .m~ °F cement 7
i. It reduces heat of hydration. Sl2g cement .
ii. It refines the porous Structure,
iii. Itreduces Permeability.
iv. Itincreases resistance tq chemical attacl.
L10. Give the use of Portland Pozzolana cement.
Ang. TFollowing are the uses of Portland Pozzolana cemen: -
i. For hydraulic structure, )

ii. For mass concrete structure like dam, bridge pier and raft
foundations.

For n:arine structure,
For sewers and sewage disposal work,

ete.

L11. What are the Pozzolanic materials ?

Anig; Pozzolanic materials are siliceous or siliceous and aleminous
materials, which in themselves possess little or no cementitious
value, but will, in finely divided form and in the presence of moisture,
chemically react with caleium hydroxide liberated on E.aan%mj wﬁ
ordinary temperature, to form compounds, possessing cementitious
Properties. .

L12. Enlist the various types of pozzolanic materials.

Ang;

Following are the various types of pozzolanic materials
L Natural Pozzolanas :

L Cluy and shales.
i, Voleanic tuffs and Pumicites.

2 Artificial Pozzolanas: 1
Fly ash, ii. Blast furnace slag.

Rice husk ash. v. Metakaolin.
Lis, Define fly ash.

ii. Diatomaceous earth.

iii. Silica fume.
L vi. Surkhi.
v,

e
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Concerete %E.:::r‘@ .‘H‘.:yll.‘ I Semy
R . : csulting from the combugt;,,
i v divided residue res ! ' 4 .
N ,J::_w_v,:.ﬁ__ﬂ.:i:::.z_::.:;_ by the flue gase #and collectog o
powderet .. aland tran-
clectrostahc precipitator.

1.14.
Ank

1.15.
ASiE

1.18.

1.19.

1.20.
Ans.
it

.

121.
Ans.

ST mc.

i ceuss silica fu . .
cp_qn_‘. me is vory fine pozzolanic material composed c?:_,i._z..
Silica fume ¥ A :

;licon dioxide produced durj !

« elassy sphere of silicon | ng th!
:a.ﬂﬂ%wﬂ?m,mfsw silica or forro-silicon by electric are furnace "
manuii g ! A
temperature of over 2000 °C. -

stand by surlkhi
t do you understand D) . .

M.H.m? i< an artificial pozzolana made by powdering bricks or burn
clay balls.
What are the propertics of aggregate that affects the
concrete properties ? T N
Following are the important properties of aggregate which affect

jes of concrete :
memwm%%”.wﬂﬂon. ii. Surface texture.

Specific gravity. iv. Bulk density.
wwﬁ.:wmwnnwm sand. vi. Soundness of aggregate.
Alkali mmmﬂmmﬂm reaction etc.

What are the deleterious substances in aggregates ?
Following are the deleterious substances in aggregates :
Organic impurities, which interfere the hydration of concrete.
Salt when aggregate is obtained from sea-shore.

Weak or unsound particles.

Discuss alkali-aggregate reaction between aggregate and
cement.

When active silica constituents of aggregate react with the alkalies
in cement, alkali-silicate gel is formed. This reaction is known as
alkali-aggregate reaction.

What are the effects of alkali-aggregate reaction on
concrete ? .

Due to this reaction, alkali-silicate gel is formed which swells and
exerts internal pressure leading to expansion, cracking and
disruption of cement paste.

Enumerate the controlling measure of alkali-aggregate
reaction.

Following are the controlling measures of alkali-aggregate
reaction :

Selection of non-reactive aggregate.

By the use of low alkali cement,

By controlling moisture, void space and temperature of concrete.
By the addition of reactive silica in finely powdered form.

Aﬁuma a.mc you understand by term ‘all in aggregate’ ?
m_ca:.;._icm combined aggregates are available in naturt
comprising different fractions of fine and coarse aggregates which
are known s all-in-aggrepates.

4

-
_Sem-5) =
nm G H; ?E:S?
what do you mean by ging),
>n§aa%.cm COMPTISIng particleq ¢,
Jimit of size fractions are caljoq s

e FEregatey 5
0 EM.MM%: Tithing
Gomnnmre. the mwzjmnmmm of aggre " * 38 %regate, .m__.s.a
The soundness indicates the mwaxw %.
excessive changes in the volume n_cmosgm Wregasy,
conditions. m.m;. freezing anq thasy changg in S.%ammr
Ea@ﬁbwﬁsn wetting and mwv;.bm. 2, :._m:u.mw &Sunwm &MM

Enlist the thermal propertieg

: of aggre
Following are the thermal propert; Bates..
Coefficient of thermal mxumuwmwaa.\:mm of aggregate :
Specific heat.

Thermal conductivity.

HW.NH;NE the gap gr. ading of aggregates,

Gap WHNn:bm m.m defined as a ding i -
intermediate size fractions are %mmmmﬁumm % hich one or more

Give the features of gap graded aggregates.
Following are the features of ga .
Gap-graded aggregate does Beb graded aggregates -
strength.
Gap-graded aggregate requires lesser cement and lower water-
cement ratio.

The drying shrinkage is reduced in the concrete using gap graded
aggregate.

Specific surface area of gap graded aggregate is lower because of
higher percentage of coarse aggregate.

not affect compressive or tensile

Enlist the various tests which are performed on the
aggregate.

Following are the various test performed on the aggregates:
Aggregate crushing value test.

Aggregate impact value test.

Aggregate abrasion value test.

Bulk density test, etc.

What are the effects of impurities in water on properties of

concrete ? .
Following are the effects of impurities 1
concrete. ia
The strength and durability of concrete 13
presence of impurities in the mXing «M.wﬁmm_.amm tends to cause
Water containing large quantities © a nce and 10
persistent dampness, surface effloresce
corrosion of the reinforcing steel

1 water on properties of

reduced due to the

creases the

©e0
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Chemical and
Mineral Admixtures
(2 Marks Questions)

——

Classify the admixtures used in concrete production.
Following are the different types of admixtures :
Plasticizers.

Superplasticizers.

Retarders.

v. Accelerators.
'. Air entraining admixtures.

Pozzolanic or mineral admixtures.
‘Water proofing admixtures, etc.

What are accelerators ? : ,
These are substance which when added to concrete, mortar or
grout, increase the rate of hydration of a hydraulic cement, shorten
the time of set or increase the rate of hardening or strength
development.

Give the examples of accelerating admixtures.
Calcium chloride, soluble carbonates, silicates, fluosilicates, ete.

Describe the application of accelerator in concrete.
Accelerators are used in cold weather and under water construction.

Discuss retarders.
These are the substances which retard the setting rate of concrete.

Enlist the some retarding admixtures.

Sugar, carbohydrates derivatives, soluble zinc salt, etc., are used as
retarders.

Where are retarding admixtures used ?
These are particularly used in hot weather or for ready mixed

concrete where it is required to delay the setting of cement.

Define plasticizers.

2.12.

{n what situation, Plasticizg,

Following are the situatiop s_s% re ugeq iy o

It is ?:.S..E_mlx useful for <on %mﬁ._.amma e 'Crete,
where rapid placing of concreg, i g ily .

. Y Xeinforoeq
1t is used for reducing water ommmmn.ma.. ced mﬁonnoum”cn

strength concrete. Tent ratig i Extremely higp
Enumerate the new generatiop g, il |
Following are the new generagiop o, © -\ P 25ticizers,
Acrylic polymer based. vmé_mmsgﬁ e
Copolymer of carboxylic acryi;c S
Cross linked acrylic polymer, ester. T A
Polycarboxylate ester. R Rr
Multicarboxylate ethers, ete.

Write down the mn—cmbﬁmmow of nnom_mwu,s&..

Following are the advantages of s

Permit earlier removal o?mS.E %%mmssa G

Reduce the required period of curing.

Advance the time that a structure can be placed ;

In the emergency repair work. Placed in concrete.

What do you understand by air-entraining ,mwmu_u ?
These are the admixtures which cause air to be inco ted i
form of minute bubbles in concrete during mixing nw_wo H..MM.SM %M
workability and resistance to freezing and thawing and disruptive
action of de-icing salts.

Enlist the air entrainment agents used in concrete
production.

Visol resin, natural wood resin, animal/vegetable fats etc, are the
substance to be used as an air entraining agents.

Write down the effect of air entrainment on the properties
of concrete. . o
H.,o:oaium are the effect of air entrainment on properties of concrete :
Increased resistance to freezing and thawing.
Improvement in workability.

Reduction in strength. .

Reduces the alkali aggregate reaction.

Permits reduction in water content.

: nas.
Write down the application of pozzole

et

oo i o

i e
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Pozzolona used for reduction in the heat of hydration,

1t is wsed for improvement inthe workability.

Give the advantages and disndvantnges of niv-entraining
admixtures.

Advantages : . 1 froozi
Increase rosistance of conerete towards thawing and freezing,

Increase workability of conerete. )
Reduce bleeding and segregation of conerete mixtures.
Disadvantages :

Reduee strength in high coment content concretes.

What are the advantages and disandvantages of water
reducing admixtures 7

Advantages :

Increase workability of concrete.

High strength can be obtained with the same cement content.
Save up cement upto 10 %

Disadvantages :

Aggravate the rate of slump loss with time.

Describe the merits and demerits of plasticizers.

Merits :

Enhance concrete early strength.

Produce flowing concrete to use in heavy reinforced structure
with inaccessible areas.

Demerits @

Loss of workability as a result of rapid slump loss.
Incompatibility of cement and plasticizers.

Enumerate the advantages and disadvantages of
accelerating admixtures.

Advantages :

Shorten the setting time of cement.

Reduce segregation and increase density and compressive
strength.

Reduce water requirements.

Disadvantages :

Might cause discoloration.

Potential carrosion of reinforcement.

Increase in drying shrinkage,

©O0O

Q-8 D (CE-Sem-5)

. Mix Design ang Rheology of Concrete

———

{f}/tf’

Mix Des;j
gn and
Rheology of Concrete

: (2 Marks Questions)

3.2,

-H

-

FE

Ef é 3.«

What do you un
mix’ ?
Proportioning .
obtaining 8 . Biven purpose is th

& a suitable ratio of the var; 15 thus the art of

derstand b
Y the term ‘proportioning of

Discuss the principles of mix proportioning

The e 2re quired OT proportioning a coner ix :
Grades of nozmﬂﬂﬂ erpostre conditions. e
Types of cement.
Hy.\wvm.m and size of aggregates.
?ﬁmﬁ%ﬂgm MEEEB cement content.
Do um ee water-cement ratio.
workability.
Type of admixture used.
Density of conerete.

Type of mixing and curing,

Write down the environm
concrete.

Followin,
Mild.
Modulate.
Sever.

Very sever.
Extreme.

ent exposer conditions for

g are the environment €Xposers conditions :

What are the properties of concrete related to mix design ?

Followi 5 i ;
U:B_ummw .E.m the properties of concrete related to mix design:

Workability.
Strength,
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Narhuoss of mix. .
T ae e s {r ofamnete i have asaooth findaly Ovoy
D s 10X ..vﬂ”.ﬁ,.p:.fﬂ.;wl, ws when the coment Morton n
A 1.»,, ad N >omany partie
e Soent 1 S Al A vl ard when too many particleg
Tange OF Hawve ahe saEe St

’

are

What the various mothodsof vﬁéﬁ&iusszﬁ conerete -dmnaz.
-~ ~ < N

el X BN ~ n \ N - A N -
Tl ST 1 VRN mathads of proporiomng conerete mixeg

T s

Namsmal mives,
AmmoTics AODITEIE InSTlEe methad.
R[S methad.

Fimienm vodds methad.

AT

Wepimam densty method.

Write own the factors that affects the workability.

T oeins smo the fsctors affecting the workability of concrete :
Temes Wmﬂuwﬂr.ﬂ =t rounded. snguiar, flsky, ete

Geaiimz orSme and coarse sggregatesie, poorly and well graded.
uwH...UHm.A of cement paste in the mix.

Consistency of the paste.

Write down the compressive strength formula according
to Abram’s law.

Compressive strength isexpressed as:

Q

= Compressive strength.
A.znd B, = Constants.
X

= Water-cement ratio.

What is mean strength ? )
This is the average strength X obtained by dividing the sum of
individual strength (x) of all the cubes by the number of cubes (n).
Mezn strength, T = =

n
Define variance.

This is the measure of variability of difference between any single
observed data from the mean strength.

Define characteristic strength of concrete.

It is defined as that value bel . est
results are expected SFM.M:. ow which not more than 5 % of the

jo D (CE-Sem-B)

g2 Give tho statement of Abram
ani Ac cording to Abram's lnw,

ang Following are the chara

e Mi% Dosign and Rivgglggy of Coneroto

f’f‘lﬁ.

. 8 law,
. the stre
conereto s approximatel ¢ Btrength of fully com

. Y inverse ompacted hardened
content per cubic metre of comeng, ,._w. smwﬂ.”w_mg_ to the water
CoWater-cement, ratjo”,

9.19. What is rheology and rheological
ans Rheology is the seience of flow of mg Hhmow*on concerote 7
fresh concrete give us informat; - Rhelogical models of

concrete mix to flow under jts
without voids.

.14. Write down the rheological agn»a@l&..,u of fresh 833.»,«.
i. Workability, :
ii. Compactability.
iii. Flowability.
iv. Pumpability.
v. Flow under its own weight,
vi. Fillahility.

vii. Stability.

viii. Finishability.

cteristic of fresh concrete ;-

8.15. Classify the flow of fresh concrete.

orifice. .

and inserted by rod or a plunger by only gravitational force.

3.16. What are the factors which affects the rheological

properties of concrete ?

A#E Following are the factors affecting the rheological properties of

concrete :

Mixing of concrete.

Effect of cohesion.

Effect of water and super plasticizers.
Heat of hydration and air entrained.

LR

©00

i. Confined Flow: Concrete flow under its own ﬁﬁmrn Fuoawrmb
ii. Free Flow: Concrete flows freely under its Sl sﬂmwn oris vow& ;

iii. Vibration Flow : Concrete flows under the influence of’ ﬂg.uaabm. .
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Properties and Hmmﬁbm
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(2 Marks Questions)

e

4.1. What are the step in concreting process ?
Ams The concreting process involves the following five steps :
i. Batching or measurement of materials.
i. Mixing of concrete.
ii. Transportation.
iv. Placing. compacting and finishing of concrete.
v. Curing.

492, Write down the factors affecting the batching process.

ﬁwﬂMo:os._.bmm._.mﬂrmmmmnacmmmngnow vmworwpmﬁnonmmm“
i Size of job.
i
il

Required production rate, and
Required standard of batching performance.

43. Classify the batching process of concrete.

Asis. Following are the batching process of concrete :
i Manual batching.

i Semi automated batching.
iii. Automated batching.

Classify the mixers, which are used in mixing of concrete.

fiL
44.
AWE! Following are the various types of mixer commonly employed :
1. Horizontal or inclined (B drum) mixer :
L Tilting drum.
ii. Non-tilting drum.
iii. Reversing drum.
2. Vertical (Pan) mixer.
45
AN
L
ii.
itk

. Enumerate the various equipments which are used for
transporting of concrete.

Following equipments are used for transporting concrete :
Barrows.

Dumpers and trucks.
Elevating tower and hoists.

A\Mma\:\m” and cableways,

o Propeties and Tesing

v. Belt conveyor.

4.6. Define curing of concrete,
xpg Curing refers to maintainin, . .
temperature in fregh ooannmwmmﬂmwﬂmwssmﬁcs content and
strength and hardness, leve the desired

4. What are the advantages of curing in concrete ?

xag Following are the advantages of curine i v
i mﬁé-.m!w cured Suﬁmammmmm vmmwﬂ wﬁm_..—wwmﬁom FTREE
ii. Drying shrinkage and cracking are reduced. .

iii. Concrete ofbetter durability.

48. What are the different methods of curing ?

auis: Following are the various methods of curing : =
i. Covering concrete surface with hessian or gunny bags.
ii. Sprinkling of water.
iii. Ponding method.
iv. Membrane curing.
v. Steam curing.
vi. Electrical curing.

49. What are the limitations of slump cone test of concrete 7

amr.:bvncuoemm"mommbonmmdmmoomnmmﬁﬁ.ﬁnmmmommmm.onwmﬂr
concrete. ; R

4.10. Define compacting factor. sa iy

AnE Compacting factor is a ratio of weight of partially compacted concrete
: to weight of fully compacted concrete.

4.11. In which conditions compacting factor test is not suitable.
AW Itis not suitable for concrete of very low workability of 0.7 or below.

4.12. Discuss Abram’s law.

. . 4 . h
Ans. i mixtures using neat and clean aggregate the strengt )
MMM%M—MW mEmmu. specified conditionsis governed by the net quantity

of water mixed per bag of cement”.

4.13. What is gel space ratio ?
ams Gel-space ratiois defined as the ratio of volume of hydrates omEmu_w.
paste to the sum of the volume of the hydrated cement and that o
the capillary pores.
S = 24023

414, Write the factor affecting the strength of concrete ?
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X Fellywing are the facters affecting the strength of concrete :
i Size oftess specimen .
F Size of specimen relative o maximum size of aggregate.
g1 Moisture condition of specimen.
. Are;mds
v. Rateofloading
i Age and tvpes of cement, etc,
4.15. What is maturity of concrete and how it is calculated ?
AEZ Itisdefined as the summation of product of time and temperature.
- Maturiy = I Time Temperature)
4.16. What is creep ?
SEZ It may be defined a: increase of strain in concrete with time
sustained lozd. This is also known as plastic flow or time field.
4.17. What do you mean by shrinkage ? How is it determine ?
ZEE Contraction of concrete in the absence of load is known as
shrinkage,
Shnnkage can be estimated by,
E, = 0.00125(0.90-h)
where, h = Relative humidity.
4.18. Define plastic shrinkage.
Zsw Shrinkzage of concrete due to absorption of water by aggregate,
rapid evaporation of water and bleeding.
4.18. Describe drying shrinkage.

The ehrinkage taking place due to capillary water, absorbed water,
or interlayer water after the concrete has set and hardened.

. Give the remedial measuresto overcome the effect of creep.

The effect of creep can be reduced by,

Using high strength concrete.

Delaying the application of finishes, partition wall, ete
Adding reinforcement.

. Steam curing under pregsure.

. Write down the various types of test performed for

determining the co.pressive and flexural strength.
Following are the various test performed for determining the
compressive and flexural strength of concrete :

Destructive Test :

Cube test.

Tensile strength test :

a. Split tensile test.

b. Flexure test.

il Concrete re

B. Zan.dgﬂn &&n.

i Rebound p,

i C.:..mmon»nvima ockt

Hi Pulloutteg 000t test

. vmamﬁ.m:canmﬂg?
elest

422
Aoz

4.23. Define initia] tangent
It is a slope of the curve

What are the ag . } EERE
Advantages ; rentegesof ultrasonic pulse velocity test ?
E Penetrating power, e

High sensitivity.

Greater accuracy,

. Some ity in estimat; i o
o ﬁ“ﬁ?@ﬁgmﬁhwﬁ.mg.gﬁﬁmgw

modulus of Concrete.
from origip b

Give the disadvantages of ultrasonjc pulse ....xu. ity tes “
i 1
thmnﬂwbﬁmng 2 Telosty test

m_.c.bma person are required.

Difficulty in inspecting the parts which are irregular.
Requirement of the couplants.

Test objects should be water resistant,

What is the relation between cohesiveness and segregation ?

.-EQ ?'Eim.--E.E :#E'EEF":*-E§ E

Cohesive means bonding force and segregation means separation,
when boding is increased between ingredients of concrete then
segregation will be less,

2. Hence cohesiveness and segregation are inversely related.

©0O
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What in the self compacting concrete ? .
in i concrete that can be compacted into

‘L crete . .
Self compacting con " _._Z.:_ux T.< menns of ity own Scﬁ_.f

cvery caorner of o formwor
vathoul using hny external vibrators,

Discuss the materinl required for :c:.nc:‘.-:.a:-..x concrete,
Following are the material required for self compacting concrete ¢
Cement, i. Fine aggrepate,

Conrie npgregate, iv. Water, . .
Chemien] sdmixture such as superplasticizers, viscosity modifying
apents, alr-cntraining agents,

Mineral admixtures such as fly ash, GBFS, gilica fume.

What are the advantages of self compacting concrete ?
Following are the advantages of nelf compacting conerete

Ttproves the quality, durability and reliability of conerete structures
due to better compaction and homogeneity of conerete,

Buduced prermeabilily.

Eare of placement result in cort savings,

What do you understand by fiber reinforced concrete ?
Fiber leinforeed Conerete : Concretse containing cement, water,
aggeregote, and diseontinuous, uniformly dispersced or diserete fibers
vecalled fiber reinforeed conerete,

What are the affecting factors of propertios of fiher
reinforced conerete 7

Following sre the factors affecting properties of fiber reinforeed
conerete ;

Mixing.

Viorkability snd compnetion of conerete,

Sz of conrne npyrepate,

Oricntation of fibres,

Aspect ristio of fibren,

Vaduiae of fibre,

HQ-10 D (CF-Bem.g)
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A, Advantugey of Fibe “Freinforced o

...—n&m - ( uq\_..ﬂw@e@.
i Lovver porpnes hility of oe:«.:....nm@_.a . Concrete :

il :::E..\Ex::ia. o
i

Enbancement f futigue 5Lrength and
v. Improvement i, bone 5_.2;“:‘_‘ andend

v. Reduction in shrinkage yn. cracking

uranece fimig,

n.q.:?a:xxnra E«ﬁ:ﬁ.:c ..

Ana; A E._._. cation of Fiher P“MMMHM m.” oareed SrTete.
i. Ia:pairs and rehabilitation works, nerete: ,
. Wearing surface to ex v

. Precast prodycts,

iv. Blunt resistance structures,

v. Water retaining atructures,

vi. Pavements and floors,

iting bridgeqs culverts,

6.8. Write down the compari Y .
parison of FRC
fo C and NRC,
8. No. FRC - ~“NRC
(Fiber Reinforced Concrete) | (Normal Reinforeed Conerete)
1. | High durability, Lower durability.
2. | Protect steel from corrosion, Steel potential to corrosion.
3. | Lighter materials, Heavier material.
4. | More cxpensive, Economical. ‘%
|
5. | With the same volume, the | With the same volume, the
strength is greater. strength is less,
6. | Less workability, High workability as compared to
FRC. |

5.9. What is ferro-cement ?
Az Itis atype of thinwall reinforced cement commonly constructed of
hydraulic cement mortar reinforced with closely spaced layers of
continuous and relatively small size wire mesh.

What are the constituents of ferro-cement ?

Following are the constituents of ferro-cement -

Comont mortar mix,

Skeleton stecl,

Steel mesh reinforcement or fibre reinforcement polymeric meshes.

‘numerate the manufacturing techniques of ferro-cement.
FFollowing are the manufacturing techniques of ferro-cement ;

i. tland plastering.

. Semi-mechanized process.

i. Centrifuging and guniting.
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Deserine the varions application of ferro-cement.

Marize Appicanion 2 It s wed 7 constructing boats, Bshing
TIssels, tarrages docks, fTestingboyos. ete.
m.oﬂ.uﬂ.‘. Ezerzy Application : Bicgas digester, Biogas holder,
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Compere recycied 2zzregate and nataral aggregate,

S.No.. RecydedAzgzregate. | Nataral Aggregate |
L |Itkes Tuighteztimed engular w It bzs smooth and rounded
| elongated particles. | compacied partices,
2 | Liswelgraded | Itiznotwell graded.
z2 | Itrzememzmater etsnTption. ﬁ Ithasless water absorption.
£ M Itbza lower dry deasity. m Ithasmore dry density.

3.16. Wirite down the applications of recycled aggregate.

Az Following ere the zpp!

plications of recycled aggregate :

i. Embankment Fill Materials - The embankment site iz on the

wet sulgrade arezs. Recycled aggregate can stahilize the base and

provide z2n improved working surface,

. Baclfill Materials : Pecycled aggregate can be used as backfill

rizierizls in the pipge zone alung trenches after having testing in

Laroratory.

TIPS



