Concrete

The cement concrele is a mixiure of cement, sand, pebbles or crushed rock and waler which, when
placed in the skeleton forms followed by curing becomes hard like a stone.

i,

Concrete is 8 composite man made material and is mosl widely used building material in the
conslructionindustry.

Itis a mixture of binding material such as fime or cement, weli graded coarse and {ine aggregate
water and somelime admixtures. .

Most of (he ancient struclures and historical buildings had been consirucled with Lime concrete bul
with the invention of cemenl, use of Lime concrete is limited inmaking bases of concrete foundations
and roof terracing. ’

Basic requirement of Goad concrete is (hat il should have good sirength in hardened state and
rernain “fresh” plaslic during transporiation, pIaclng'. compaction.

In fresh state, consislency ol mix should be such that it can be compacied by the desired means
without excessive effort and also the mix should be cohesive enough for the methods of transporting
and placing used so a5 not to cause sagragation.

3.1 Properties of Cement Concrete
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High compressive strength

Free from corrosion and there is no appreciable elfect of aimospheric agentsonil.

it hardens with age and the process of hardening conlinues for & fang time,

it is proved (o be more economical than steel.

1l binds rapidly with steel and as it is weak in tension, 1he sieel reinforcement is placed in cement
concrete at suilab‘e places ic lake up the tensile siresses, This is termed as the reinforced cement
concrete or simply RCC.

It has a lendency 1o shrink,

\t forms a hard surace, capable of resisling abrasion.

3.2 Classification of Concrete

1.

Based ;]ﬂ Cemenling Material.
{a) Lime concrele {b) Gypsum concrele {c) Cementconcrete



2. ngadadcementcéﬁ;!eta
3. BaseonBulk densily :

4, Based on place of casling

——
Extralghtwoight |« 500 kgrnd® ‘
Ughlweight | 500 1800 ki
Donsoweighl | 1300 ~ 2500 kg/m?
¢ Super heovy weighl > 2500 kgtm?

i
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@} In-situconcreta: When cencreig is placed in position dt the sije it is known as In-silu congrale,
b} Precastconcrele: Wherfcﬁncre(e is used for making prelabricated unils in a factory is called
asprecasiconcrete, ‘ )

Manufacturing of ;oncréte
A. Balching: g

1. Aggre.gates. cen&gﬂt and %a’ter shauld be measuied with en ai:curacy of + 3 per cenl of batch
Quantity and the admixturés by 5 per cent of the Batch quantiy.
. Thore are two pravalen( methods of batching matorials ara: i
(@ Volumebalching . : '
(b} Weighi batching
2. Formosti i cmen j ingi
t m:mz«sg:i t;afchmg is feco; nmended ‘I?ﬁ§@:~:vumna baiching is generally

Volume Batching:

* Amount of each salid ingredient is measured by loose volume {not compacied}.

Example, volume of moist sand in a loose condition weighs much less than the same voluma of
drycompacied sand. | AR

* Trerelore correction for bulking of sand Is dona if volume batching is adap’ted.
Weight Batching:

Cemerfl is always measuraﬂd py weight, imespeciive of mgthad of batching.
* Waleris measured inkg offﬁtars where density of waler is 't gm/em?,
¢ Volume of 1 bag of cement Is 8.035 m? (or semetime afso said 35 liters)
* Objective of mixing is 10 obtain homegenous, uniform colour and consisient congrele of desired
slrength, ; »
* Mixing lime depends onths typs and gapacit; i
i ¥ of mixer bul IS-4586 suggest approxi
mixing time as 2 minutes, % Prroximstely
. Gqural!;t 20 fevoiution of concrele In mixture provides sufficient mixing.
I mixing time is increased upto 2 minules the compressive strength of concrete preduced is
enhanced arfzzf beyond this'lime the improvement in compressive sirength is insignifican! and
prolonged mixing may cause segregation as due to fonger mixing periods the waler may gel
absort‘;e.d by the ag_gregaie‘s ar evaporate resulting in loss of workability and sirength,
The mixing is done in lwo ways i.e. 1. Hand mixing and 2. Machine mixing (mixiure)

Hand MixiIng:
« Hand mixing is adopted for small jobs whare the quantity of concrete involved is smail and lhe
approximale lima is 2 minules should never exceed J minutes.

Machine Mixing:

+ Wnen a large quantily of concrete of the desired quality is to be produced, the machine mixing
becomes imperative as Concrele can be produced al a faster rate with betler qualily.

« Conerele mixers are speciiied by the volume of mixed concrele discharged afler mixing of each
batch expressed in m? (such as 0.25, 0.38,0.57,0.75, 1.5,2.25and 3 m7).

= Sometimes Lhe tolal voluma of Ihe unmixed ingredients in m? is given as a prefix. i.e. 1.0/0.75

mixer takes 1 m? of unmixed material and gives 0.75 m? of mixed concrete in each batch.
« The machine mixing is done by using 1. Tiling type mixture, 2. Non lilting lype mixlure, 3.
Balching plant,

1. Tilling type mixture: .
* I lhis mixed contrets is discharged by Ulting the drum about the horizonlal axis.
¢ Tilling mixers are uselul for large construction works.
" e |1 gives better results even will dry concrete.
* - [t can be used for aggregale size more than 75 mm.
«  Tilting mixers are easier to clean and can discharge the mix quickly and with minimum

segregaliun. ) )
o The ﬁiting type miixlures ara tapresented as 85T, 100T, 140T. 200T (where 85, 100, 140 are
inlitres.)
2. Non-tilting typs mixiure:

* - Non-lilling mixers are suilable for small varks.

*»  Nonilling mixer is equipped wilh a drum rotating about a horizontal axis.

+  Non-tilling mixers cannot be used when eggregale size more than 75 mm.
*  Nan-iilling mixers are represented as 200 NT, 280 NT, 340 NT, 400 NT, 800 NT.

NOTE

C.

Sometimes the mixers are specilied by wa quantilles Lhe total volume of ingredients added
and the volume of concrete produced for example 285/200-litres mixer lakes 285 litres of
ingredisnts and yields 200 lilers of concrele. ’

Transporlation:
= Specilication stales lhat the process of mixing iransperling placing and compacting the concrete
should nel taka more than initial selting time of cement (3¢ minules using OFC)
= Jt must also ensure lhat segregation nol look place.
» The lransporting of conczeie can be done by tollowing methods.
1. Pans: Recommended only tor smail jobs.
2. Power Buggies: These have sped up lo 24 km/h.
3. Chules: ¥hen concrete is to be deposited befow ground level at a higher depth, it can be
discharged through a sleel shalt calied chute.



4, Gor_wrele Pu_mps: ILis used commonly for lunne! works and on locations which are not
easily access@e where concreta can be pumped fora distance of about 400 m, horizontally
and 80 m Yemcally having slump value 50 mm o 100 mm and the pipe used in concrele
pump having diameter 10 cmto 20 cm,

5. Transit Mixer: Transit mixer is a lruck on which a concrele mixer is mounted and useful in
built-up areas. '

6. Ball-convayar: Abell conveyer is used when (he conerele is to be ransporled con linuoursly
and loaninaccessible area,

B. Placing:

Research has., shown thal defayed placing of concrete resullsina gainin ullimate compressive
sirength provided the concrete can b adequately compacled.

For dry rnixes‘ in hot weather dalay of half to ong hour is allowed whereas for wel mixas in
cold wealher il may be severa! hours.

As per 18456 maximum permissible free fall of concrete may be taken 2s 1.5 m

E. Compaction; -

-

The process of refnoval ol entrapped air and of uniform placement of concrale 16 form a
homogeneous dense mass is termed compaction.

2:1: Od;;:; tz ::d consequently Ihe strength and durabil_ily of concrete depends upon the quality
1‘2; preze:'nce ol sven 5% and 10% volds In hardened concrate lel! due 1o Incomplete
respg:zv:;;may result In & decreases In comprassive strength by about 30% and 60%
Tha various types of vibralors used are:
1. internal Vibrators

*  These vibralors consist of a metal rod which is inserted in lresh concrele.

*  Skilled and g:{perienced men should handle inlemal vibralors. These vibrators
are more ellicient than alher types of vibralors.

¢ These vibralors can compact uplo 450 mm from (he face bul have (o be moved -

from one place 1o anolher as concrele progresses.
* The lrequency of vibration is about 4000 to 12000 pm,

. ;he needie diameter varies from 20 mm to 76 mm and its length 25 cm to
Ocm.

2. Surface Vibrators

*  These vibrators are mounted on platiorm or screeds. :

¢ They are used 1o finish concrele surfaces such as bridge floors, road slabs
slation platform, etc. . .

« llis ptaced direcliy on the concrelo mass for the compaclion of shallow clements
{where interna) vibralors cannot be applied) i.e. depth 3 150 mny, Ex Road
surfaces, plain concrele floors etc.

3. Form Vibrators or Shutter Vibralors

These vibrators are allached lo the formwork and external centering of walls,
coh:lmns, etc. The vibrating aclion is conveyed lo concrele through the formwork
during ransmission of vibrations. Hence they are not generaily used.

¢  Bul they are very much helpiul for concrete sections which are too thin for the use
of inlernal vibrators.
4. Vibraling Tebles
e lLis very efficient in compacling stilf and harsh concrete mixes required for the
manufacture of precasl elemants.

Curing )

« The tesl specimens should be slored in a place free from vibration in mos! air of at least 50%
relative humidity and at a temperaturs of 24 —30°C for 24 hours frem the lime of addition of water
lo the dry Ingrediants. .

« Afierihis period the specimens are marked and remaved from the moulds and uniless required
for test within 24 hours immediately submerged in clean Iresh waler kepl there unlil 1aken out
just prior to lesl, ‘

* The specimens ara nol {o be allowed 1o become dry at any time uniil they have been tesled. -

* Cement gains strength and hardness because of the chemical aclion belween cement and
water.

= Thewalerin a concrete mix akes one of the [olfowing three {orms as a consequence ¢f hydralion
are: ‘

1. Comblnad water: Which combined wilh hydration products {C/A. C,S, C,AF} its not

gvaporable,
2. Gelwater: The waler prevails over comeni Gel Surface Area.
3. Caplildry water: Which “occupy capiliary pores” {Evaporable).

* Increass In strenglh of concrele is very rapld from 3 to 7 days and conlinuss slowly for
Indefinlie period. )

= Ithas obsarved that moist cured concrete for 7 days is nearly 50% stronger than lhat which is
exposed to dry air for entire peried. N )

« {fconcrate is cured for ane month, sirength Is naerly double than that of concrele exposed
to dry alr.

Objective of Curlny:

To prevent the loss of moisture from ¢oncrate due to evaporation or any olher reason supply
addllional moislure or heal and molsture to accelerate the gain of strength, i

To keep capiflary pores salurated 1o ensure hydration of cement; loincreases durability, impermeability
of concrele and reduce the shrinkage.

As per IS: 456 concrete members shall be kept under suring for a minimum period of 7 days {or
OPC at 80% humidily and atleas! 10 days where mineral admixures and blended cements
are used, “

NOTE: Lowsr temperature tediyces lhe rale of selling and higher lemperature reduces the ullimate strengih.
Theralore curing temperalure need to be within 5 1o 30°C.

Steam Curing:

For concrele mixes with water cemenl ratio ranging from 0,310 0.7 the increased rate of strength
developmenl cas be achieved by resorting to steam curing. ‘
This melhod of curing is also known as acceleraled cuting since an increased rate of sirength
devalopment canbe achieved.



*  Concrete members_ are heazg#@y steam at B3°C «ither at low prassure ar high pressure.

* By low prassure steam nu?!ﬁg about 70 par cant of the 23 day compressive stcength of
concrete cua be obtaimd@fabeut 16-24 hours and high cressure steam curing Is usually
applied to precast concrels members and givas 28 day eumprassive strangth at 24 haurs,

* i reduces shear sirenglh ogjconnrate. . '

* Halso reFuRs inincreased resistance Lo sulphate action and lo keezing and thawing.

* Rale of increase or decrease of tamperature should nol excesd 10 1o 20°C per hour lo avoid
ihermal shocks.

*  “Infra Red Radiation” is alsoé ipful method of curing for ﬁlapzxd {ain of Sirength.

G. Finishing: ‘;‘ : L ‘
= Finishing is delined aS»M§spmcass oflevelling and smoolhing the lop surface of Ireshly placed

concrele o achieve the didirad appearance is, done by as follows:

1. Scragdjnq: Striking cﬂ the excess concrete to bring the top sustace up lo proper grade is
calledsereeding. © , o :

2. Trmeﬂngg vﬁnsl opég_a’tion ol finishing bz doe alter il excess water has evaporated by
steel float irt conicat $hepe giving a very smooth finish,

Maturity of Concrate - B 5‘ ’

*  Thestrengihof concrete depands on bath period of cucing (i.a:age} and letnperatura during curing,

*  The product {peried  lemperalisre} is called the maturity of conéele
*  Rismeasured in°C hours to *Cdays, IR

PR By

Materials Used in RCC work
1. Cement . . 2. Aggregates {bolh coarse and fine)
3. Steel 4. Waler o "

3.5

* Thehyribwhichisa slge‘s {athmay also be used as sleel reinforcement.

¢ The vta:ter. which is used for making cancrets, should be clean.and free from harmiul
Impurities such as oil, glkali; acid, ete. In general, tha waler which is fit for drinkin g should
beused lor making conerete, . '

Different Methods of Proportioning Concrete
1. Nominal Mix i ‘

. .m tl'fis method, therais no :ngfi control on the sirength of the concrele mix. However this method ‘
iswidely used for all works of small magniwde because of its simplicity in the design, Therelore,
the folloving lable nead to be considered by deing nominal mix. -

s When the proportions of cement, aggregale and waler arc adopted based on any arbitrary
standard, the concrele produced is termed as nominal mix concrele.

. Nanufxal mix eonc.:rete is used in works wherg the quality conrol requiramient for design mixes
are difficult lo be implemented. Neminal mix concrele can be produced by taking cement, fine
and coarse aggregate in theratiool 1: o 2nfor normal wark. However, the ralio of the coarse

aggregae loline aggregale can vary from 1.5: 2.5 in situations whera denser ormore workable
concreleis to be produced.

f
|

“Pmp"oﬂlon of ™ _‘-lfaA:dmuT_?lz'a‘ . Naturn 01.‘ v;aork
{gongretemin ~ .| olapgregdta 7| . orwers.

112 121020mm Heavily laded RCC columng ond RCC archesoflong span.

1:2:2 12l020mm Smallp t bers of (e such as poles for fencing telegrophs.
etc. long pilos_ walertighl constructions and hoavily stressed members of
thesiructuras.

1:11.5:3 20mm Water retalning struclures, pilos, precast products, otc.

12308 20mm Wator Lanks, concroto deposilod under water, brdga conslruction and

1:3.66:3.33 SCWOrS,

| 128538 25mm Footpalhs and road work

1:2:4 40mm For oll goneral RCC works In buikding such as stair, beam, column,
weather shod, slab, lintal, ele., machino foundalions subjacted ta
vibmbons ond RCC plies.

1:3:6 S50mm Mass conerote work In cubverts, elalning walls, elc.

14:Bor 60mm Mass concretework fof heavy walls,

1:5:100r1:6:12 ' foundation lootings, elc

-For general guldance, the nominal mixes corraspond approximalely to the dilferenl grades as
follows: i . : : .

N M75 i 1:4:8°
CMI0 i T 12816 MiS, o 1:2:4
SoMeo o Tiamia DT M5 o1:1:2

* Inorder loget a_gpnbrete of minimum voids (ke quantity of fine aggregate completely fills the
voids of tha coarse éggregale and the quantity of cement should complelely fills the voids of the

tine aggregate.
+ The sufficient water is added lothe mix of cement tine aggregale and coarse aggregale o make

Ihe mix warkabla.
« In this melhod the grading cannot he accurately achleved and there is no control over Lhe

sirength of concrele,

2. DesignMix

« When the task of deciding the propartion af the consliluents of concrele is accemplished by use
of certain eslablished relationships {which are based oninferences grawn from a large number of
experiments) the concrete thus produced is lermed as design mix concrele.

» For RCC work, the maximum size of aggregates is limited to 20-25 mm,

« Foraconcreleof given warkability, counded aggregates require least water-cement ratio. Parlicle
shape is very imporiant since the water cement ratio governs greally the strength of concrete.
Coarse aggregates > 4.75 mm size. ‘

Fine aggregales < 4.75 mm size.

1S Cade Method of Concrete Mix Design

Concrete mix design procedure far a particular grade of concrete depends on the following requirements:
1, Characierislic slrength of concrele (/) required.

2, Degree of workabilily required.
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3. Specific gravity and bulk densily of cement, [ Conneclions:
4. Grading zone of fine aggregale (sand) and size ol coarse aggregales. ! =« The socompuled maximum waler conlent is reduced if aggregates used are:
5. Specilic gravily and butk density of coarse and line aggregates. i Sub angulsr aggregales - 10kg/m®
6. Moisture contenti.e, waler absorplion of coarse and fine aggregales. ' Graval with certain crushed particles -~ 20 kgfm®
: Rounded gravels - 25 kg/m?®
Steps for Concrete Mix Design as per IS Code Method »  Forslump of than 25-50 mm, increase the water conlent by 3% for each additional 25 mm slump. .+
IS 10262 : 2009 gives guidelines for concrete mix proportioning. step-4: Calculatton of cementations materlal content B
Step-1: Target mean strength and standard devlation » Cl.4.30f1S 10262 : 2008 recommends to compule the cemant and supp:ememaryceme;uaﬁsm I
*  Cubes made of same concrele show slightly dillereni strengths, IS 456 : 2000 recommends that material content per unil volume of concrete from frce water-cement ralio le.,
slandard deviation for each concrele grade should be delermlned separalely. Further, il states that ' ) ) Water conlent used
nol less than 30 samples are lo be tesled, Cementations malerial, C= Water-cement ralio
¢ Intha absence of sullicienl lest resuit, Table 10l IS 10262 2009 and also 1S 456 : 2000 suggesis «  From durability consideralions, lhe abova compuled vatue of cementations material {C) should not
(he following standard devialion: : be less than the valugs as given in Table.
* Thetarget meanstrenglhis lhen delermined as,
7= f, +kS Table : Maxrmum cement cantent lor normal wefgmaggmgsfes of 20 mm
ck 24
Where = Slandarg dew‘alio«:z . , v . Expesdra PIM:WM’) Rl Py
k = A constant which is as per IS code is 1.65 e P Py
The largel mean sirenglh Modarato 20 300
ff = [, +1.658 . Sovoru 250° a0
Step-2: Selectlon of water-cement ratlo Vary overa %0 T T
+ Cl 4.10f 1S 10262 : 2009 specilies guidelines lor selection of waler cemenl ralio. For the same Extromo 280 360

waler-cement ralio, lhe strength of concrete oblained may be different because of difierence in the

cement qualily angd difference in shape, size and grade ol aggregate. Yabie ; Adjusiment to cement content

Nomina! size of aggrogate | Adjustment to minlmum

« - ltisimportant lo establish Lhe relationship between water-cemenl ralio and strength of concrete. In : mm} coment contant .
the absence of \his refationship. Table 5 of IS 458 : 2000 gives free water- cemenl ralio for dilferent 40 km®
grades ol concrete, 10 ¢ 40 kgjmi
20 e
Table : Maximum free waler-cement ralio v/s minimum grade of concrote. 40 ~ 40k
Pfain concrelo - . Reinfercod concrote . .
Exposuro Max, fraa wic rolle | Min. concroto grada | Max. free wie mitlo | Min, concrelo grade, Step-5: Estimate of coarse aggregates L
) g s ClL 4.4 of IS 10262 : 2009 siates about the estimalion of coarse aggregates per unil volume of
Mad o6 - 05 Mz0 concrote, Table 3 of IS 10262 : 2009 gives volume of coarse aggregates per unil volume of
Modesato 08 M15 05 M25 concrele for dilferent zones of fine aggregales.
Sovore 05 M20 045 M0 Table : Volume of coarse aggregaies per uni volume of concrele
i i i egales fie., sand)
Vary sovar 045 M0 0AS M35 ' for different zongs of line aggregales fi : /]
T ~
Yeluma of coarse aggregales por unit of
Extrurmo 0440 M25 040 MO "°:}':;';,;;&l£"° for dlfforant zonos of find sagrogates (kg/m')
{In mm} . 2 Zaned Zone4
Step-3: Selection of water content - Zono-1 o iiad
. 10 0.50 048 046 oM
* ClL 4.20f 1S 10262 : 2009 slates abaul selection of waler conlent, Table 2 of 1S 10262 ¢ 2009 20 0.6 064 052 080
gives maximum water content per cubic meter of concrele for 2ngular coarse aggregates and for Y !
L] 075 0.73 o7t - 089
25-50 mm slump. |

Waler content as arrived at corresponds to saturated and surface dry aggregates. The above value are based an saturaied and surlace dry aggregates condition.



Step-6: Estimation of mass of coa{; aggregates
= After ariving &l the masses técemem and waler, (¢ voluma o tolal aggregate is computed as;

CM. 1
V"i{s: Jm

where  C=Mass of cement; 5, = Specilic gravily of cemeni, W= Mass of waler

»  [othermaterials ke fly ash, chemical admixiures 2= also added, airentrainment is also Incorporated
then the volume of all these malerials must be subiractad from unily in order 1o gat the volume o |

lotal aggregates as, i I
3 C W £ P 1
,; = 1‘["“* ity SP]L‘
whers  F = Mass of fly ash ‘? Mass of plasticizer, 5, = Specilic gravily of fly ash
S, Speciitc gravity of plasticizer, v = Yolume of entrained air {in lraction)
. meﬁepewerlageolmsaggregale {p)asfoundin slapS akave, lhe mass of coarse aggregate
iscompuledas: - K . .
Massofcoarseaggregate - T : K
20V, Sgy x 1000
where, S, =Specilic pravity of coarse aggregets
Similarly, mass of fine aggregate is given by, L
Massolfinpaggragate=(1-g) VeSpy 21005 . '
where, S, =‘Speeiﬁc gravity of fine aggregate
Step-7: Correction for actual site conditions
«  Oltenthe available coarge and rmaaggregales avaifable at site are notin saturaled and surface dry
condilions. N i
*  {i1here is some moisture content aifeady present in the free stale then reduce the amounl of waler
raquired In that extent and incréase Iha amount of aggregate by the same exient,
*  laggragates absarb moisture then delinitely il will pose a deficiency in water required for concrale.
So increase lhe water conlent By 1hal extent and decrease the mass of aggregale by the same
extent. .

i
i
)
|
|

361 FinenessModulus omggregaie

The term fineness modulus is used 1o indicate an index number which is roughly proporllonal 1o the
average size of the particle in the antire quantity of aggregate.

Letp be the designed fineness modutus for a concrele mix of line and coarse aggregales
' Table: Assumoed Standard Doviation

Then R= -—-—x 100
A Grade of A d standard deviatl
where R = proportion of fine aggregate to he )
" combined aggregate by weight M10, M15 35
P, = tineness modulus of fine aggregate " M20.M25 40
P, = linenass modulus of coarse aggregale M30 te M55 50

R

362 Fineness Modulus

The fineness rradulus of an aggregate Is an index number which is roughly proportional to the
averago size of the particles in lhe aggregale. The coarser the aggregate, the higher is lhe lineness
modulus.

Fineness modulus is oblained by adding the perceniage of the weight of the material retained on a
total of 10 numbers of IS sieves (of sieve opening between 80 mm to 150 umy and dividing it by 100

3.7 Durablllty of Concrete

A durable concrele is one lhal perlorms satisfaclority under anlicipated exposure conditions lor ils
slipulated life.
Various faclars alfecting durability of concrete are as follows:
Parmeabllity
« Ingress of water leads concrele susceplible to chemical allack, foresl action, rusting of sieel elc.
*  We canreduce permeability by

(i) Providing high grade of concrete

(i) Using well-graded dense agaregale

(iii) Using low waler-cemen ralio, adequale cemenl and elleclive curing.

(iv)Using appropnate admixlures E

(v} Achieving maxlmqm campaction

{vi) The above parameter is giving thrusL1o the concrete of Dense Mix lo reduce Parmeabllity.

Frost action

¢ TheleChalelier's

= Concreleis be affected due to being parmeable ar by temperalure below 0°C.

« Becausa of expansion ol absorbed vialer on Ireezing ice builds up inlarge pores caus:ng large
expansionin local areas lhe olhers being dry cause disinlegralion.

» Low tamperalures increasing the extent of migration of water resulling in Ireezing o greater
depihs inihe concrete.

Sulphate attack

» Sulphate attack is a chemical reaclion between the praducls of hydration of cement and solution
conlaining sulphate of calcium, Magnesium and sodium (water).

¢ . These sulphales reacts with C,A and formed calcium sulphoaluminate (ettringile) which expands
and causes disruplion of concrele.

¢ Magnesium sulphate has the most severe discriptive aclion.

¢ Common source of sulphale salls is the soil around Ihe concrete foundation is [rom the waler
used in making concrete, and by using unwashed aggregales.

» }tcan be reduced by use of blasi furnace slag cemenl, sulphata resisting cemenl supersulphated
cement, and by reducing the permeability.

Organic Acids
s Acefic acid, lactic acid, and bulyric acid severally attack concrele,

Suger {Relarder)
« s aretarding agem and gradually corrodes conerele if added in excess as a admixlure.
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Defects in Concrete

1. Cracks
« Cracks are inherent in concrale and cannol be completely prevented bul can be minimized,

Thereasons [or cracks inaconcrete are;
{a) excesswatar
{b) early loss of water
(c) Alkali aggregate reaction
(d) Freezeandlhawing
2. Effiorescence

+ Itis appearance of fluffy while patches on the surface of concrete members.

* llis caused by poorly washcod aggregate, salty waler used in making concrete Ihe salts being
ieaching out to he surface by rain waler alterwards on evaporalion while patches appear on the
surface, - )

3. Segregation

* ltis separalion of {a} coarse aggregale from fing aggregate, (b} paste from coarse aggregale, of

water from he mix and the ingredients of the fresh concrele nolonger remain unil ormly distributed,

* llcanbe reduced by increasing small size coarse aggregale, air entrainment, using dispersing
agents and puzzolona.

*» Causes ol segrepation are excess waler, diopplng cancrete from helghts, badly designeg
ralxes, cancrele carrigd over long distarices excess watar-pumpling, belt conveyor system elc.
over vibratlons and during concrete finishing exira floating and tamplng.

4. Bleading R

= lis an flow of mixing waler wilhin or emargence Lo the surface from lreshiy placed concrete is
usually due to excessiva vibrations (mparted to concrale to achiave full compaclion,

* Bleeding can be reduced by the use of unlformly graded aggreyates, puzolona - by breaking
the conlinuous water channel! or by using — entraining agents, linar cemenl end a rich
mix.

Physical Proportions of Concrete

1. Stress sirain curve }
* Stress strain curve of concrete in compression shewn In figure.
+ Since mortar and concrete have no elaslic limit, the modulus of elasticily {or concrete
must be the slope of the slress deformalion curve at 790 siress.

* Efastic modulus of concrete in compression, £, = 5000 /T, , where £,, Is the characterislic

sirenglh ol concrete.
* Elaslic modulus of concrele increases with the density, compressive sirengih end to
some extent with age.

.
2, Poison’s ratlo
= Itis determined as the catio of lateral to longitudinal sirain in compression test and vary {ram .1
100.3.

3, Cresp Y1 initid Tangont Modulis Tangen Modutus

-

3.10 Water-cement Ratio

1t Is continued deformation with time under
a conslant load, it is also known as plaslic
llow or lime yield.

Rate of cresp decrease with tims and the
créep sirains at five years are taken as lerminal
values. it Increases rapldly with tho stress, Sceant Modulss
Ioeding at an sary age of concrete.

Thie water in concrete has 1o pedorm the following two Fig. Diforent ypos of madulus

functions: of elaslicity in the strossstran curve

1. Thewater enlers inlo cherical action with cement and this aclion causes the setting and hardening
of concreta.

2. The vealer lubricates the aggregales and it facilitales the passage of cement through voids of
aggregates. This means that waler makes the concrate workable,

‘NOTE

‘

Water-cement ralio and degree of compaction are ths bwo major parameters which delermine
the strength of concréete, Highet the water-cement ratio, lower is the strength of concrete. Similady,
the srengthis reduced with [ower degree of compaction, ’

e N

3.11 Workability of Concrete
= Workability is the amounl of work 1o produce full compaction

= The imporant facls in connection with workability are:

(i} It more water is added to altain the required degree of workmanship, it resulis imo conceele of

low strength and poor durability.

(i I the strength of concrele is not 1o be affecled, the degree of workabilily can be cblained:

)
(i

)

— By slightly changing the proportions of fine and coarse aggregates, in case the concrete
mixture is too wel; and
— Byadding a small quarniity of water cement pasie in the proportion of original mix, in case
lhe concrele mixiure is 100 dry.
The workability of concrele is also atlected by the maximum size of thic coarse aggregates lo be
used in the mixtwe.
The workabiity of cio‘ncrele is affecled mainly by waler conlent, waler-cement ralio and aggregate-
cementralio. i i

3.12 Factors Affecting Workability

Following are the faclors which alfect the workability of concrete.

(a) Watercontent ) () Mixproportions
{c) Size of aggregates L. (d} Shape of aggregates
(8) Surface lexiure of aggregales {} Grading ol aggregates

{g) Useof admixtures



3,12.1 Water Content/Water Cement Ratio

L 3

Water conlent in a given vo!émeei convrela wili have slgmhc m influence on the workability,

The higher the water conlent per cubic meler of c-ncretg, the
which is ona of the importani Tactor aezling veo: - ability.

According to Abram’s law. thie strengih of wok-ule conerele [ only dependent on waler-cement
rati, ‘ rs

The volume of water in fresh coriarata is related directly 1o the volume of emply pore space in

hardened concrete. Svmvtam} the volume of cementin fresh cancrete is related directly to the solid

sigher will be the fluidily of concrete |

3

»

volume in hargened concrelg-Watar-cement ralis is !heré!dfe, ameasure of the void volumarelative -

1o the solid volume is hardgred cement pasle, and il
strength goes up as the voigolume goes down. So, the
lowsr the water-cement ralicthe lower is the vaid volume-
solid volume ratio and strongéf the hardened concrale.

tn a hardened state cancrele, slrength is mversely~
proportional tolhe water/cemedt ralio as shown in the graph.
The reason whytha compressie sirengih of congrete does -
not actually loliow a hyperboligeurva at lasser water-cement

Comivasaor Strength

:: Insufickanty

ratio is when water to cem@w! ralia is low in a fresh mix, Compacled Concrata
then less waler is available for the hydration of cement, :
Hence, some amount of cemént posie remains un-hydrated. g Watar Cemant Ratio

The etrangth of concrate much dependerit on-the followlng four fectors:
1. Watertocementratio

2. Cementioaggregale raliy

3. Maximumaggregate size

4. Physical properties of aggregates

2

NOTE: The laciors {2, 3 and 4} are of {esser importance while factor {1) islhe malor |nﬂuehcmg factor

v
The slrength of cancrete decreases with increase in parceniage of ai voids where air voids are
formed by svaporalion of wa{er used in making concrela'and by enlrained air.

i

NOIE

—

|

*  Asacemanl age increases it strength » aduces since it get set partially by absorplion
of moisiure and forms smalt lumps.

When the uniaxial ¢empressive load is apphad where the line of action of load is
perpendicular fo me axis of the cube than Ioad carfymg capacity is assumed to be

maximum, . : !

* By increasing the csmem 1o aggragata railo the ul‘smate slrangth will JDCF&ESE uplo
some exienl.

* The crushed aggregale gives maximum sirength as it offers minimum voids In
cancrete.

+ The rounded sphsflcal or cubical shaped aggregate when compacted contalns
less valds than an irregutar and Haky aggregate of the sama nominal size and they
give mors strengih. The strengih order according to the type of aggregate as:

"o Cfushed aggreg'ala »2 Cublcal aggregute > nounded aggregata > Flakyﬂrregular :

1 Ieadmg toasr vmd con\anls ol 5 percent ar}dol 1Dparcenl resu1t
m and 55 per cem respechvely .

-//.
:,}'“'
075 8 055,090 095 10
Ac-‘.uﬂl dondly

D"'“"V"‘“’ = Funy corpaciod denslly
. El'fndufﬁmpncﬁon on thn stnmgth of Concroty

3.122 Mn: Propomonsmggregale Cement Ratlo

quregale/cemem ratiois animportant lactor influgncing workabllity.

The higher the aggregale-cement ralio, leaner is the concrele.

Inlean concrete, @55 quar'mt)} of pasle Is avaliable (or providing lubrication per unit surface area ol
aggregate and hence the mobility of aggregate is resirained,

In case of fich concrete with fower aggregate-cement ratio, more pasle is available to make the mix
cohasive and fatty lo give baller workability.

3.12.3 Size of Aggregate

The bigger the size of lhe aggregale, lesser Is the surtace area and hence less amount of waler is
required for wetting the surface and fess malrix or pasle is required fer lubricating Ihe surface to
teduce internal friction. -

For a given quanlity of water and pasts, bigger size of aggregates will give higher workabilily.

3.12.4 shape of Aggregate

*

The shape ol aggregales influences workability 10 a large exient.

Angular, glongated or flaky aggregate makes the concrele very harsh when compared to rounded
aggregales or cubical shape aggregates.

Rounded aggregate wilt have less surlace area and less voids than angular or flaky aggregate, not
only lhat, belng round in shape, the frictional resislanca is also greally reduced.

Because of above reason, river sand and gravel provide greater workamlzty {o concrele than crushed
aggragate and sand.

3.12,5 Surface Texture

The influcnce of surface lexture on workabxmy is again due to the fact that the tofa! surface area of
rough textured aggregate is more than the surface area ol smoath, rounded aggregate of same
volume.

Smooth or glassy lextured aggregate will give better workabilily.,



3,126 Grading of Aggregates

This isona of Iha lactors whichwill have maximum influence on workabilily.

A well graded aggregale is ihe ano which has laast amount of voids in a given volume

Beller the grading, lesser is the void conlenl and higher is the workabilily.

In order lo measure tha workabilily of concrete mixtura, various lests are developed. Tesls such as

llow lesl, Vee-Bea test and compaction faclor last are used in great extenl in laboratory. Slump test,
which is commonly used in the field, is brielly described balow.

3.13 Tests for workability
3.13.1 SlumpTest

Stump tesl is the most commonly used memod ol measuring consustenqr of concrale which can be
employed either in Iaboralory or at sile of woﬁ(

llisnota smlabla melhod tor very vet or very dry concrele and st mnx
11 does not measure a|I factors contributing to workabllity,

The diameter of the rod is 16 mm and ils length is 60 cm. The strokes lo be given for ramming vary
from 2010 30.

T ~410 ol -
£ \—— Handlos
S
G
K, [T P— A
Elevation
Foot Picces
Tryo Slump Shear Collapso
o L]
Plan of Slump Cor

Fig. Slump Tesr

3.132 Procedure

The mould is placed on a smooth, horizantal, rigid and non-atisorbent surface.
The mould is then filted in four layers, each layer approximalely 1/4% of the heighl of the mould,

Each layer is lamped 25 limes by the tamping rod taking care to distribute the sirokes evenly over
the cross section,

The mould is removed Irom the concrete immediately by raising it slowly and carelully in vertical
direction.
This allows the concrele lo subside.

This subsidence is referred as SLUMP of concrete.
The difference in lavels between the height of the mould and that of the highest point of tha subsided
concrele is measured.

The dilference in height in mm is taken as slump of concrete.

Tabla: Aecommended Sfumps of Concrete Table: Classification of Concrale Mixes

S.Na. | Typoofconcrots Slump Slump_- Naturaofconcraiamix
1. | Conoretefor rend constnuction 2040mm Naslump Stffand oximsbTmix
2. { Concrateforlogs ofcurbs, From 10mm iy 30mm Pocrly mobito mix

parapois, piers, slobs ond ‘ FromAOmmin158mm | Mobllomix
walls U\Blnmhmizq‘ﬂal 401050 mm Over 160 0m Casterix
3. | Concroteforcanal linlngs OB mm
4. | Generetoforarchand sido
walsefiunnols so&owom-nl
5, | NormalRCCwork 80le 150 mm
6. | Massconcipla 25l050mm
7. | Conerelpiobevibraled 10%25mm

Advantages of Slump Test:

1.

2.

L granis the facility to easlly delect the diiference in waler content of successive batches of conerele
of the same idenlical mix. ..
, The apparatus is cheap, potable and convenient 1a be used at saie.

Limitatlons of Slump Test:

1,
2.
3.

4.
3133

There is no direcl relationship between the workability and the value of slump.
h is not suitable for a conceele in which maximum size of the aggregate exceads 40 mm.
, There are chances of many shapes of slump lo occur and it is dillicult 1o decide which-one is giving
the correct value,
Slump occurs only in case of plasiic mixes. It does not occur in case of dry mixes.

Compaction Factor Test

' In Ihe compaction factor test, the degree of workabilily of concrete is measured interms of inlernal
energy required to compact the concrete thoroughly.

Acompaclion (actor of 0.95 represents flowing concrete having high workability: 0,92 plastic concrete
having medium workability; 0.85 stiff ptastic concrete having low workability and a compaclion
factor of 0,75 repreéenls slilf concrele having very low workability,

The compacli r\é l?sqmr test is designed primarily for use in the laboraiozy bul it canalsobe used in
the field.

Ii1s more precise and sensitive than the slump test and is particularly usalul for concrele mixes of
very low workability and is normally used when concrele is 1o be compacied by vibration like, dry
concrate which is insensitive to slump test,

The test works on the principle of determining ihe degree of compaction achieved by a standard
amount of work done by allowing the concrele to tall through a slandard height.



«  The degree of compaction calied the‘nompactmg {actor iz measured by he density fatio i.e., the

ratio of the density acally achigvedhin he lest to density of same fuily compacled concrete.

+ Thesamplgof concrele lobe les!ed‘is placed in the uppr hopper up tothe brim.

s Therap-door is opencd soihat the qompe(e falls into lhe lower hopper.

s Thnenthe irap-coor of the lower hoppet | usopened and he concrate
is allowed lo fall into the cylinder. -

o Inthecase of a dry mix, itis ikely !hat {he concrate may not (all
on opening the trap-door. In such a ¢ase, a slighl pokng by al |
vod may be required lo set the mm@ele inmolien.

« Theexcess concrele remaining above the lop levelof the cylinder
is then cut off with the help of p!ane blades supplied with the
apparatus.

» Theoulside of the cylinder is w;ped ctean S -l

» Theconcreleisfiliedup axacllyupmﬁe top lovel of lha r,yl‘nder. e

+ lLic weighed tothe nearest 10 am.= ~ 5

»  Thisweight is knownweightof panlgﬁy nompaclad concy ets

o Thacylinderisemptad andthani refilled with the concruts from.- ? .
the same sample in Eeyers apptoxsmately 5cmdeep.

s Thelayers are hsavi!y tammed or prelerably vitrated so as 10 -
obtainfull wmpaclm ;
¢ This weight Is knownas weightof (uﬂy compactad ccmcreta )

Wielght of pataly gompected concrele
CFE= “Weight of Tully corrpagted concrete

Table Workabiiity, Slwnp and Compacling Factor of Concrates with 20 rum or 40 mm
Maximwm

Size of Aggregala
Oogros 1] s |- [ : tx Is wuitablo
st g Ussforwhichconcrote ist
wn - pmall Lamgs ., 3 ]
appamtur spparaiue:

Vorykow - o7 pea | Poads {7 povear-opocitadmaxhing b maxa e i
compading Co L ooup, may ba comp
tociorly : machings.
sullablo

BS - 08T Roods vioted by hend-op inea Nmmm&uﬂdw:
l = v gove, rmfbn e In roads g ppgregois of

' m«wm Mu:awamkuﬂnmwm
. kohlly
Ihis m.'!nn mmdhtm;mw
Modum 50-100 092 0935 Alte !asi:wflun %n a:n I gram, !]{n wpt
beavik shinbor
th o normally suitabie for wbeation
o356 Fox soctior

o oot} 098 For pumping nndaemic placing. . '
VeoyHigh - - - Flow Libdatestls morn sutoble, - J
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3,134 Vee-BeeTest/Vee-Bee Consistometer Test

3135

This is carried oul in such a manner that lhe specimen concrele In 1he tesl receives more or less
same Irealment in respect of the method of placing as il would in acluat execution of the work. This
lest is preferred for finding workability of still concrate mix having very low workabilily.

In Ihis test. a Vee-8ea time of 3 lo 5 seconds represents still plaslic concrele having medium
workabllity, 10 to 16 seconds represents slitl concrele of low workabilily and Vee-Bee lime of 1810
10 seconds represents very slift concrele having very low workabilily.

This is a good laboralory 1est 1o measura indirecily the workabilily of concrele

This test consists of a vibraling lable, a metal pol and a standard iron rod.

Slump test as described earlier is parformed, placing tha slump concrete inside the sheel melal
cylindrical pol of the consislometer.

The glass disc atlached lo the arm is lumed and p!aced on
the top of he concrete in lhe pot L

The electrical vibratoris then switched onand slmullaneously ’
a stop walch started. .

The vibration is continued till such atime as lhe conical shape
of the concrele dlsappears and the concre!e assurnes a
cylindrical shape. .
Immediately whsn the concrete lu||y assumes a cyllndncal
shape, the slap walch is swilched off.

The time required for the shape of concrele to change from

slump concrele shape lo cylindrical shapein second is known
as Vee Bag Degree.

This method is 'very suilable lor very dry concrale whose
stump value can nol be measured by slump lesL

Flow Test

This is a laboralory test which gives anindication of the quality of concrele wilh respect (o consistency,
cohesiveness and (he proneness 10 segregation.

In this lest, a slandard mass of concrele is subjected to joiting.
The spread or lhe flaw of tha concrele is measured and this llow is related Lo workabilily.

Spread diameter (incm) -25
25
The value can range anything from 0- 150%.

il can ba realized that the compacling lactor lesl measures lhe inherent characleristics of the
concrete which relates very close lo the workability requiremenis of concrete and as such itis one of
the good tesl to depict the workabilily of concrete,

Flow, percent=

» 100



Travo Limited
Io 40+ 1 mm

3.13.6 KellyBallTest

tes] congisting ol the measurement of the indentation made by 15 cm digmaler
on Iresh concrete. The lest has been

o

This is a simple field
metal hemisphere weighing 13.6 kg. When freely placed
davised by Kelly and hence known as Kelly Ball Test.

This has not been covared by Indian Standards Specification

The advantages of this testis thal it can be performed onthe concrele
placad in site and il is claimed that lhis lest can t;e periormed
faster wilh a greater procision than slump tast.

I cannol be used when Ihe concrele is placed in thin seclion.

The minimum of conciele must be 21 least 20 ¢ and the minimum
distance from ihe cenlre of the balt o nearesl edge of the concrale

23cm.

Kally 851

3.14 Strength Test on Concrete

3.15

The slrength of concrels is determine as compressive sirength and tensife sirength.

The compressive sirength of concrele is much greater than its lensile strength where the tensile
slrenglh is about 15% of its compressive sirength.

Quality or grade of concrele Is designaled in terms of a numbers, which denoles it characleristic
compressive sirength {of 150 mm cubes al 28 days), expressed in MPa {or equivalenlly Nfmm?).,
Number is usually preceded by the letter M, which refers lo mix, For example M20 grada concrete
denotes a concrele whose mix is so designed as 1o generate a characteristics strength of 20 MPa.
But it is observed that tensile and bending strength
of concrete ars of the order of 10 and 15 per cent,
respectively of the comprassive sirenglh and shear.
is approximately 20 psr cenl of the unlaxlal
compressive sirength.

Characlerislic compressive strenglh is deflned as

Probabiity density

sirength of materlal below which not mota than 5% 22 moan

91 test resulls are expactad 1o fall. f sirongh

It means that accordingly, the mean strenglh of the 5% pros— ity [

concrele /, (as oblained from 28-day compression tests) 28-day comprossive sirongth
has lo be signilicantly greater than the characterislic {Nonml Distiibuton Carve]

sirength £, that is specitied by the designer.

Compressive Strengti\ Test

Cement, fine aggregaie and coarse aggregate (up lo 38 mm) to be used for making concrele are
vegighed in (he ralio o be used in the field and area of hand mixing o by machine mixing.

Now waler is added and 1hs entire balch mixed unlif the concrele appears (o be homoegeneous and
has the desired consistency. Test specimens recommended are 150 x 150 7 150 mm cubes or
cylinders of 150 mm diameler and 300 mm height.

Mixed concrete is lilled into the moulds In layers of 50 mm and each layer is tamped with bar
16 mm In diameter and 600 mm Jong 35 times or with & vibrator.

Test specimens are slored at & lemperature of 27 + 3°C at 90% humidity for 24 = (/2 hour from the
time of addition of water lo the dry ingredients.

Aller this time specimens are removed from the moulds and placed in water and kept there until
taken out just before the 1est.

Usually specimens are lested for 7 days or 28 days sirength bul IS code only suggest 28 days
sirength only.

7 days slrengﬁx bq concrele should be al least 2/3 of 28 day strength of concrels.

Specimen {s placed between the plates of the compression lesting machine with the care that the
axis of specimen is aligned with the centre of thrust of the spherically seated plate.
Comprasslon testing machine should be able to apply gradual load of 14 Nfmm#minute. Till
the specimen is ¢rushed. 1 o

Average ol the three values Is taken as the compressive strength of concrale, provided ¢
individual variation is ot more than + 15 per canl of lhe average. ‘

i



The cuhe s:rengfh is~1.25 hmes gyhnder strength

Cube compressive strangth of conerate obtained [rosv. 15 om cube is higher man 15 x 30 cm,
Wﬁm&s&msﬁreng\hbe&use contact area ol i standard cube mould with the upper plane
inthetestingmachine is more whichsesulls inmore confinemant. More conlinements resist against
specimen expansions resultingin mre eomprassive sirangth.

The comprassive sirength of congrete al 7 day should be atlobu 514 of compressiva strength of
same concrete sample ai 28 days.

i

3.16 Flexural Tensile Strength Test {Modulus of Rupture Test)

3,17 Split Tensile Strength Test

Direct measurement of lensile stt%nglh of congreta s difficull.

Neither specmens nor lesting spparalus have been demgned whl«.h assure unilorm distribution of
the "pull” appﬁedmhe concreta: .

Flexural lenie strength testIs dde ts delermine ine e reile load at shih concrete may Grack.
ltis anindirect test for assessingms tensile strenglh of concrete.

Same malerial is usad as used Idf compressive; stréngthest. -

Further contratais I‘died in lha mcutd of size 150 x 150 % 700mm and tamped with the tamping bar
weighing 2kg. 400 mmlohg. 7 -

Specimen is placed in the testing maching on two 38 mm diameier rollers with a cic dislance of
600 mm, Then load Is applied through wo similar raliers mounled alihe third points of supporting
spani.e. spaced at 200 mmcfe.

Load s applied without shock and increasing conlinupusly atarale oi 0.7 N/mm?Z/minute until the
specimen fails. »

24 y 3P4 (2300mm > 8 > 170 mm
Modulus of nipture = E;.z(a > 359 mm). 2 { )

&= distance between the fina of iiéclu re and the nearest support measured on the cenler ine of the
lensile side of the specimen (cm},

band dis measured width and depﬁ ol spec:msn respeclively,

I = length of ihe span on which Ihe specimen is supported {cm}

p=maximum load applied (o the specimen.

Duetodilficully in applying uniaifa! tension loa concrele specimen, te tensile strength is determined
by indirect methods. ‘

JLis the standerd test o determine the tenslla slrength of canurela inindiract way in accordance
with 1S: 5816-1970. E !

Astandard test cylindor of cancrele specimen of 300 nm x 150mm diamelet is placed horizontally
between the Ioading surfaces ofcompression lesling machine.

3.18

« The compression load is applied diamelrically and unilormly along the length of cylinder until Ihe
failure of the cylinder along vertical diameter.

« On application of load, a uniform tenslle slress acls over two-third ol the loaded diameler
+  The magnitude of the tensile stress is obained by

P

Tension ECm-pmsion
I—‘H‘*’—‘I L

»-"'MM

[sL:]
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202468101214!51520

sc.m-sam2

where, P = Applied load
D= Diameler of the cylinder
L= Langlh of the cylinder
The load is applied gradually and increased oonnnubusly dnm failure Bt arate withinthe range of 1.2
tMPa/min lo 2.4 MPa/min,

Between ihe Ipading plalens and the spacimen cylinder, pecking sirips of plywood are placed
for uniform dlslribution of load and to avold high comprassion strasses near the point of
appllcatton

Limltations of the Test:

+ The test calculales the maximum lensile siress assuming line loads and a uniform distribution of

tensile siresses, bul concrete has a non-linear sirgss-strain distribution.

The steength ol specimen depends upon Lhe digmeter of the specimen and hence it is not necessarily
a material properly, but a rellable value thal can be used for comparison and design.

Non Destructive Test

Non-gestruclive tesiing (NDT} Is a wide group of analysis techniques used to evaluale the properiics
of concrele withoul causing damage.

So, inslead of absolute vafues, an estimale of its strength, durability and elaslic parameters are
obtained.

Though these tests are easy to perform but their analysis requires special knowiedge.
» These test are conducted o keep a quality conlrof of construclion.
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Monitering of slrenglh development in relalion to (ormwork removal, curing, prestressing load
applicalion or similar purposes.

Ullrasonlc Pulse Veloclly Test: -

« Thisteslis based on the principle that velocity of sound in a solid materiaf is a function of JE/p

where £ is modulus of elasticity and p is density.

¢ Anultrasonic pulse apparalus consists of a transmilter and a recaiver which are held against
w0 taces of concreta.

« The apparatus generate pulse of ulirasonic frequency which are ransmilled through concrelo
by the transmiller. On the olher (ace, he receiver réceives the pulse and the apparalus record
them., v ‘

* The velocity of the pulse is found which is correlated lo the strength of the concrete.

» Higher the velocity of pulss, groaler the strenglh of concrele,

* At presant the ultrasonic pulse velocity methed s the only ona of dynamlc les! iype thet
shows polenual concreta strenglh in-situ. ’

Quality of Conerote ond Pulse Velocity
Genora) Condition | Pulss Voloclty kmisoc
Exceflont congrole 45
Good concroto 3.54.5
Madium conerolo 345
Doubtiul conareto bolow 3

Some major applicatlons:

= Eslimalion of Strenglh of Concrele

+ Establishing Homogeneity of Concrete

¢ Delermination of Dynamic Modulus of Elaslicily

Rebound Hammer Test (Schmidi Hammer Tost):
s Jtis done to find oul the compressive strangth of concrele by using rebound hammer.

» Tha principle of the test is that rebound of an elaslic mass depends on the hardness of the ‘

surface against which il strikes.

» Whan lhe plunger of the rebound hammer is pressed against ihe surface of the concrele, the
spring contralled mass rehounds and the extent of the rebound depends upen the surface
hardness of Ihe concrete,

« The surface hardness and (herelare the rebound are taken 1o be related lo the compressive
strength of the concrele.

» The rebound value is read [rom a gradualed scale and is designaled as Ihe rebound number of
rebound index. The compressive sirength can be read directly from the graph provided onthe
hody of the hammer.

pracedure:
Apply light pressure on the plunger: it will release it from the locked posilion and allow itto exiend
to Ihe ready position for the lesl,

3.19

Press the plunger agains! the surface of the concrele keeping the ingtrument perpendicuiar iothe
lest surface. Apply a gradual increase in pressure until the hammer impacls.

The spring controlled mass when rebounds, it 1akes with it a rider which slides along a graduated
scale. Itcan be held in posilion on the scale by depressing Ihe locking bution.

The lest provides useful Infarmation for surface layer up o 30 mm depth and is sultable for
concrete having strength of 20-60 MPa.

The concrele surface must be smooth and loose malerial should be ground off,

C. Strength

R. Bound Hammer Numbar {N)

Window
Siiding Scuie

Conmcroln Swioen

—
Hammar Mass
Housing

Some other commonly employed NDT methods:

1.

2.
3.
4

Surface hardness lests

Dynamic or vibration tesls
Radioactive and nuclear methods
Magnelic and electrical methods

Rheological Behavf‘our of Concrete

L]

Rheology Is sc!ericg ,T flow and deformation of matter and describes one interrelation between
force deformation and lime. ’

Rheology of fresh concrete like warkability includes the pammemrs of stabilily. mebility and '
compalibility, :

Yechanical behaviourof hardened cement paste, which axhitils hoih elastic and inglastic defmhons
canbe expressed in rheological terms.

The rheclogy deals wilh rate of shear and shear strass of concrete.



Factor Affecting Rhealogical Propmlefs’é ~

1.

Mix Proportions g

» concrete having excess about of coarse agnregale will lack sulficient martar o fill the vaid
system, resulting in a loss ol ciohesicn and mebitity. Such a mix is termed harsh and requiresa
geeatamount of effort to placéiand compact. . ‘

e Whereas anexcessive amount! fine aggregate or etrained alrin 2 concrele mixlure will greally
increasas the cohesion and render the concrete ditficull lo movi.

Conslst 4 L‘ ‘

* Consistency ol oont:fatemaagured by the slumptest is an indlgz:ar of Iha relalwe walter content
inthe concrete mix. « |

« Anincreasein the watar comen@ar slump above thal reqmred te achieve workable mix produces
greater fluidity and decreased internal friction.

Use of meiemtmg Bdmb(h.tre#.

A High!emperalmo, mcrease lﬂe rate of hardamng wh!ch wlll daéreasa the mobility of concreéle.

Aggregate ahaps and taxlura

4 s
e, . L

Aggregate grading .- 1 B

« Wellgraded; aggrega!e gwes gooc! wcrkab;lcty whe 'eas Gapgraded aggragate alfects void and
workability. © o T e ‘

ManMnsizeai agpragate i ;

« increase mmemaxemum szzeef aggregafemll reduceihefm aggregata requirement lo mainiain
a gwenwafkab‘lily -and will thgrafby reduce the surface areato be weﬁed and henca the cement
cmmﬂeaessavy [orecoﬂslamwaxer-cemenl ratla; ‘= ORI

Admixtures . . : T

s Admixiures having s:gmtecam effect on lhe meo‘ogy of concmle ma plasticizers and super-
plasticizers. air-entraining agems acceleralors and regards.

= Super-plasticizers and p!astxmsrs prevent ha formalion of lloccutatad siructure by changing
the inler particle allracting repuisaon

« airentraining aganis ‘ntrodube'spharical air bubbles 1010 25 mm lodlameler by modifying the

surdace ensionof the aquecus phase in the mix. 8ubbles act {ixe Ball bearings to allow larger
particles to How past each olher more easily thus decreasing plastic viscosity.

3.20 Types of Admixtures

L

Adrmixiures are normally categorized according to their affect
{a) Plasticizers (waler-reducing agents)

{b) Superplasticizers thigh range water reducers

{c) Airentrainers

{d) Accelerators

(e} Relarders

() Others

Many admixlures provide combinations of properties such as plasticizer/ratarders of plasucnzer/au
enirainers. Each admixiure type is discussad in the following sections.

3,201 Plasticlzers (Water-reducers)

-

Chemicals to improve plaslicity of fresh concrete that is improving workabilily tor a given wic ratio
and malntains workabllity with a reduced amouni of water.

Main types of plaslicizers are lignostiphonic aclds and their salls. (e.g. Ca, Na, MH, salts) hydroxylaled
carboxylic acids and their salls polyglycol eslers and carbohydrales.

The lypical dosage of a plasticizer varies rom 200 m! to 450 ml per 100 kg of cemeruitious malerial
plaslicizers are used in the amount of 0,1% (o 0.4% by waight of cement.

o
J

Schorneu: ragusm{mjnn d Inter Partida
fleccufulion of cemand groln In Roputsion
plaln corcrmld and eflactof SR |

t

hbpnm o ._‘,. ‘,‘r‘::

. AL uurfaoo of comml Poneles *
+ not available for Hydrotion

Cement Gralna
. : Floc Reloased Watar
Cemanl Particle .
Comanl Parlides Flaceuloto In the absanca
of o disparsing agant

Flp. Elfact of surfaco-active agents on deflaccuiating of coment groins

When plasticizers are added ihey get adsarbed on the cement particles.

The adsorption of charged polymer onthe cement particles creates repuisive lorces between paricles.
This repulsive force is calied zeta potenlial which depends upon the quantity of plasticizer used.

Henca siruclure of cement changes from flocculaled to dispersed and thus waler Irapped inside (he
llocs gets released and fludify Ihe mix,

The adsorbed plasticizer on the surlace of cement inhibits lhe surface hydration of cement as iong
as sulficient plasticizer are available.

Piaslicizer decreases as Ihe polymers get entrapped in hydration products.



3.20.2

3.203

Uses:

«  Plasticizers usually increase lhe slump of concrete with a given water conlent.

«  Plaslicizers can reduce the water reguirement of a concrele mix lor a given workability as a rule of
thumb by about 10%.

s Theaddition of a plasticizer makes it possible to achieve a given strength wilh lower cement conlent,

« Plasticizers may improve pump ability.

Superplasticizers »

« These admixluresare chemically dislingl from normat plasticizers and although lheir action f basically

lhe same, il is more marked, '

When they are used 1o praduce flowing concrete a rapid loss of workability can be expected and

therefore they should be added jusl prior to placing.

»  Among the cemant constiluenis C,A exerls major influance on the propertias of super-plasticizer.

«  Finer the cement higher the super-plaslicizer does. :

s Examples areﬂsu1phonaie,d melamine formaldehyde condensates, naphlhalene sulphonates
formaldehyde condensates, modilied lignosulphonate (MLS) and mixlure of saccharales and acid
amines.

= Higher is lhe molecular mass higher is the afficiency of super-plasticizer.

«  ILis capable of reducing waler raquirement by 2010 40%.

Air-entralners

«  Anaireniraining agentintraduces aif in ihe form of minute bubbles disiribuled unilormly hroughout
the cement paste. The main types include salls of waad resin, animal or vegelable tals ard otis and
sulphonated hydrocarbons.

»  Following are some of lhe examples of air enlraining agents:
1. Natural wood resins andg iheir soaps, ol which vinsol resin is the besl
2, Animal or vegetable fats and ails such as lallow, olive oil and thei fatty acids such as stearlic
acids and oleic acids and their soaps.
3. Welling agents such as alkali salls or sulphated and sulphonaled organic compounds.

+  Airentrainment reduces Ihe strength of concrete and overdosing can causc major loss of sirength.

« 1% air may cause a strength loss ol 5%.

¢ The use ol ground blasl furnace slag and {ty ash lends lo reduce the amount of air enfrained.

Uses:
«  Whereimprovedresistance of hardened concretato damage from ireezing and hawing is required,
»  Forimproved workability, especially in harsh or lean mixes. ’
s Toreduce blecding and segregalion.
The elfect of air entrainment on the properties of concrete:
(a) Reduces lhe lendencies of segregation.
() Reduces the bleeding.
{c) Decreases the permeability.
(d) increases lhe resistance to chemical alack.

{e) Permils reduclion sand conlent.

{f) Improves placeability and early finishing

{9} Reduces the cement conient cost, and heal of hydraﬁch.
{h) Reduces the unitweight.

(i) Perrmits reduction in waler contenl

{i} Reduces the alkali-aggregate reaction.

{k} Peduces the modulus of elasticity.

3204 Accelerators

These admixiures {notably, clacium chloride} speed up the chemical reaction of the cement and
water and 50 accelerate the rate of salting andfor early gaininsirength of concrate.

@ Theless commonly used accelerators consisl of NaCl, Na,SO,, NaOH, Na,CO,, K,SO, and KOH.
Uses:

Where rapit saiting and high early sirenglhs are required {g.g. in sheft sinking.)
s \?ihere rapid turnover of moulds or ormwork is required. :
= Concreting lakes place under very cold conditions.

.NOTE Al chloride based acceleralors promote cerrosion of reinforcing steeland should not be used in
N (i} reinforced concrete L oselt )
« () waler-refaining struclures - . . MR

e

{liy Accelerators wark more effectively at lower amblentiemperalures. -

3205 Retarders

T!hese admixtura slow the chemical reaction of the cement and vater leading a longer setting times
and slower inilial strength gain.

The most common retarder Is calcium sulphale. Other examples includes hydroxylated carboxylic
acids, lignins, sugar, cellulose products and some phosphates.

USQSZ‘

-

When placing concrele in hol weather, particularly when the concrete is pumped
+ Toprevent cold joints due to duration of placing.
* Inconcrete which has lo be transponied for a long time.

famixis overfiosed beyond the fimit recommended by the supplier, retardation can fast
for days. . ’
*  Roarders offeh increase plastic shrinkage and plastic sellement cracking.
¢ Delayed addifion of retardars can resull in extended retardation,

3.20.6 Water Proofer

«  Cemenl mortar or concrele should be impeivious 1o water under preSsure and also should have
sulficient resistance to absorplion of water,



320.7 Poxzolanas AW

Examples of water rapellent uwterfitssﬁ‘&h as soda and potash scaps are chemically active, whereas
calcium soaps, resin. vegetable | oifs fals, waxes and coal lar residus, ;
To stop bleeding. pa:at!‘n wax at ébout 0.2-0.75 persant by mass 9f cement or air enlralnment is
used, Alr entrainmant latier is more effective but requi«os high degrea of control.

i

These are siliceous malerials whwh 4re themselves inadlive bul reactin the presence of water with
time to form compounds having cémantilious properi =s.

Pozzolanas react with free lima i cement and improve the dLLrhq iiy of concrele, and reduces the
rale of hardening of concrele, whfch is Ihe principal objection lo iis use.

Examples of pozzolana are lime, fly ash, burnt ¢lay and biast furnaca slag. ,

BmaﬂmaﬂngYietdofCon:me R

The main cons!uwen)s o _!&y ashm . i
1. Siiea <2 Alum’ﬁwamde 3.1 Fefrous oxide
Flvasms apouwikpozm{m}sasmcecusor aluminosiliceous material that, in finely divided
formand inthe presancé of mlxtaa, chemtcauy reac' with lha c&!cium hydroxide raleased by the
hydration of Porlland semenl o form addmcnaJ ca‘csum sll cale h?drale and other comenlitious

A rulg-ol-thumb ¢ as glven below may be used !o f nd out the app:ox;male yield of concrete lrom a
givenconcrets onix. N .

if the proportion of concrete is: a b ¢ e, il a parls of cemeni b parts of sand and ¢ parts of
coarse aggregates are mzxedbywo\um. theresulting concrete will have avolume of 2/3(a+ b + ).
Letw, g band ebeabsdutevommesaf water, cement, fina aggregataandcoa:seaggregale respectively,

thon, w+ a+ b4+ e= 1 1
i

i Waight of the materials
Absdlule volume = Appatem 5p.9r x unit wi of water

Bulking of sand should be !aken into account when volumetric propertioning of the aggregates is
adopted. Olherwise, less quann(y of concrote per bag of cement will be produced, which naturally
willincrease lhe costof coﬂcrele Also, there will be less quaniiy of fine aggregate inthe concrele
mix which may make the concreie ditficull 1o place.

Let the bulking of sand be 25% Then, for the concrate of prcpor‘aon 1:2: 4, the actuai volume of
sand to be used will be 1.25 x 2 instead of 2 per unil volume of cement. It this correction is not

applied. the actual dry sand in ihe concrete will be ——X 2 =1.60, inslead of 2 per unil volume of

cement. The proporiion of coficrete will then be 1: 1 60 4. This indicales that less quantily ol
concrete will ba produced and in mosl ¢ases, here will not be encugh quantity of fine aggregate 16
give a workable mix.

3,209 Water-proof Cement Concrete

Cement concrete 10 a cenlain extent may be madr impermeable to water by using hydrophobic cemeant.

Fallowing are the three melhods adopled for waler-proaling of BCC flet rools: .

1. Finishing: For ordinary building of cheap construction, finishing of roof surface is done al ihe time of
laying cement concrete. The finishing of flat roof is carried out in cemenl monar of proportion 1 4,
i.a.. one par of ¢ement to lour parts of sand by volume.

2. Bedding Concrete and Flooring: In this melhod, the surface of RCC slab is kepl rough and on Lhis
surface, a layer of concrete is laid. The concrele may be brickbats fima concrete {1 2 : 4)or brickbats
cemenl concrela {18 : 14). The thickness of Ihe concrete layer is about 10cm.

3. Mastic Asphalt end Jute Cloth: In this methad, a layer of hot mastic asphalt is laid on the roof
surface. Jule cloth is spread over Lhis layer.

4. Use of water-proofing compounds: Soma of the waler-proofing compound like Pudio, Imparmo,

- elc., are available in, x.he' market and when such a compound Is added to the cemant during
construclion, Il pre. s seepage, leakage and damp caused by the captllary absarplion of the
moistura in cemeaﬁ N r_‘ggq‘cpncrem.

Advaniages of uslng a good qualuy weter-proolnng compound are as (ollaws'

() lcorrectsa badiy propomoned concrele mixture.

(i} Ncures ammature green concrele .' -

(i) limakes good ooncrels {ree from the poor maternals

{iv) It permits less’ rlqu supemston ol lhe workmansmp

Coloured Concreie: n I used for the {ollowing purpos s
Manufacture of uerns lor, pubhc welfare.

Ormamental Isthés m 1 buildings. ’

Preparing park Ianes

separalmg lines of wraffic of road surtaces,

underground pedeslrran crossmgs elc.

B

Lightwelght Concrete; The bulk density of ordinary concrete is about 2300 kg/m®. Cancrele having bulk
density between 50010 1800 kg/m® is known as lightweight concrele and it is prepared from the loliowing
materials:

1. Binding material : Ordinary Portland cemenl and its varielies can be used as binding material.
2. Aggregates : For lightweighi concrele, loose porous materials are used as aggregales.
3. Stes!: Lighweight concrele is highly porous and hence, itleads to corrosion of reinforcement.

Advanlagas of Lighlwelght Concrele:

1. Thelocal induslrialwaste, if lound suitable for lightweight concrete, can be economically utilized.
2. Thereductioninweight of concrete helps in easy removal, ransport and erection ol pre-cast products.
3. Theuse ol ightweight concrete resulls in the reduction of cosl o the extant ol about 30 to 40% of so.
4. Thelightweighl conerale does not pose special problems with respect Lo freezing and thawing. itis

due 10 the fact that the larger pores in aggregale are unlikely 1o become saturaled, provided the
cemeni paste is prolected by air entrainment.



5. Thelightweight concrete has comparalively less lendency lo spall. Herce s fire resistance is more
than that of ordinary concrele.
6. Thelightweight concrele has generally alawer thermal expansion than ordinary concrete.

The o-my drawback ol lightwalght concrele is that the deplh ol carbonationi.e., lhe depth w;lhm

Yo wl'uch conoslon can occur under suitable condiions, Is neany Iwicethan’ thatof riormal concrels,
K"G:w ® " Hence specfai care will hava 10 be 1aken to provide sulficieni cover to thé reinforcement of the

lqghtwagm struclures to granl protection against Corcosion.

No-fines Concrete: Tha no-fines concrele consisls of cemenl, coarse aggregata and waler, Thus the
fine aggregale or sand is eliminated and such concrete has been adapled for cast-in-silu exlernal load
bearing walls of single and multi-slorey houses, small relaining walls, damp-proofing a sub-base material
elc,

Advantages of No-lines Concrete:

1. Thedrying shrinkage of no-fines concrete is relatively iow. .

2. Nolransmission of water by capillary aclion.

3. Itis atype ol lightweighl concrete.

4. Il possesses betier Insulaling characieristics than convenlionat concrele.

Do you know?, Tne.unil walght of no-fines concrele is about two-thirds ol the unil weight of conventional
concrete,! He nce lhe pressure on lormwork is greally reduced.

Aerated Concrete: it is manufaclured lrom calcarious and silicious materials llke cement, iime, pulverzed
sand, fiyash, ete. by enlrapping air cells. These entrapped air cells make the material light, impenvious
and a good insulator of heat,

This concrele can be used for precast or casl in situ construction and can be produced in varying
densilies. This malerials can be used for insulalion, or lor light load bearing roats and floors. This can be
reinforced il needed,

Heavy Welght Concrete: it can be produced by using specially heavy weighl aggreqgates and
compacling well by mechanical means. These concretes can be suilably used for gravity dams, retaining
wall constructions or special alomic power pfani vessels elc.

Pre-packad Concrete Construclion: ILis obtained by injecting cement sand morlar under pressure 1o
Jill voids of already packed and lully compacied coarse aggregales. This concrete is quile dense and
has very small shrinkage.

General Precaulions in Cement Concrate Construction: Following precautions should be observed:
1. Cement should be fresh and Iree from set cement particles.

2. Aggregates should be well graded and free from din, clay, sill and other deleterious materials.

3. Mixing water should be Iree {rom harmful chemicals and foreign malerials.

4. The quantity of concrele prepared each time should be used and finished wilhin 30 minutes or initial
setting lime of cement

Concrele should be prepared o a rigid, impervious and waler light platiorm without leosing any
cemenl or water,

[$2]

6. The guantity of cement, sand, coarse aggregale should be correclly measured either by volume or
mass as desired in specifications of the mix prcporﬁan. Measurement by mass is more accurale
and results in beller qualily conslruclion.

8. Complete mixing of ingredients eithar by hand or by mixer should be ensurcd.

9. Care should be taken lo avoid bleeding and segregalion during Wransporling or placing concrete.

10. Formwrork or surface on which concrele 15 10 be 1aid, should be cleaned and moistened with waler
balore 1aying concrele.

11. The form work or other base ¢n which concrele is to be laid should be checked lor ils rigidity, shape,
size and cther details and should be prepared well before concreling.

12, éhuttering and centefing should ba checked and ensured thorcughly belore concreling operation.

13, Reinforcement and olber compenents to be embedded in concrete should be thoraughly checked
lor their position, size, concreta cover and corract quantity before laying Ihe concrete.

14, Laid concrefe should be compacled thoroughly by manual lamping or mechanical vibration inlayers
of 150 to 450 mm. Care should be 1gken to avoid segregaﬂon and bleeding due to improper
compaction.

15. During intermillent or concreling in different spells suitable conslruciion joints shou'd be formed 1o
obtain a proper bond between the praviously lald concrele and freshly laid concrete by using special
technigues.

16. fn long concrete struclures, provide suitable expanéicn and conlraction joints.

17. During exireme waather conditions, precautions {or concreling should be faken by using special
admixlures in suitable proportion and applying proteclive lechnigues of construction,

18. Concrete consiruction should be cured for sulticient period (14 10 28 days) as specified.

19. Shultering and cenlering should be removed aller a predetermined period and in a predelermined
sequence.

20. Palch work orsurface finish if any on the concrele surface should ba done immediately on removal
of shutlering and such a work should be propetly cured for sulficient period (14 1028 days).

3.20,10 Causes of Corrosion [n Steel in Concrete
(i} Congested reinforcement in small concrele sections.
(i) Excessivewater-cement ratio.
(i} Improper construction metheds.
(iv) Inadequale design procedure.
(v} Insullicienl cover tasieef Irom exposed cancrete surlace.
{vi} Presence of moisiure inconcrete.
{vii} Presence of salis,

3.20.11 Effect of Corrosion i

Important effect of corrosion is the formaltion of cracks  and these cracks usually prograss or adeance
mosl rapidly where shearing stresses are the greatest and where slipping oceurs due 1o loss of bond.

3.21 Guniting .
e Theguniingis the mosi effective process of repairing concrele work which has been damaged due
10 inferior wark or olher reasons. It is also used for providing an impervious layer.



s Gunileis amixiure of cemenl and sand, the usual proportion being 1: 3. A cement gun s used lo
deposi this mixiure on the congrete surface under - pressure of about 2 1o 3 kgiom?,

e Thesurlacelobelreatedis ctemd and washed. Thio nozzla of gunis generally kepl at a dislance
of about 75 cm o BS cmfrom 'ha sumce lo be treated and velocity of jet through nozzle varies from
120 lo 160 mfsec.

Designan Mzacmrs!a mix as per 1S 10262 : 2G04 for tha following conditions:

Mndarate | | :
45-100 mm b
315 _

1480 kg/m®

"Standard as specified In IS 455 : 2000

Type of exposurs

Slump

Specific gravity of cament
Bulk density of cement
Quality control

Sand

Grading zons
Specllic gravity
Bulk density

Target mean strength .
Given [, = 20N/mm?
Since quality control is as per | the requu'ed slsndard and thus lor M20 concrele standard deviation
{S) = 4 Nimeni? Tt ; R et
Thus, target mean strenglhls : oo T
hg= b+ 1688 LT o o
_ge+155x4 25(55‘«!;‘41'&1'1'\2
Water cement ratic ; i
For ACC work inmoderate exposwa condition, maximumn waler cemant ratio = 0.50

Waler contant
For 20 mm maximum nominal size of aggregate with crushed particles for concrate with slump 25-50 mm,
water conlent = 186 kgim? of concrele.

Bul tha slump required I8 75—100 farn. Thus exira water content @3% per additmnal 25 mm slump .

=2x3% =6%
Thus, water content = 1.06 x 186 = 187.16 kg/m?® of concrete

Cemant concrete reguired
For selecled water cement ratio 0l 0.5 and water content of 197.16 kg, cement reglired

197 LA 394.32 kg/m? of concrele

0.5

But minimum cement contant required [rom durability consideration for moderate exposure condition
=300kg < 394.32 kg {OK)
Tha cement content of 384,32 kgfm of concrete Is OK.

Coarse and fine aggregale s total aggregates
Since fine aggregateis in Zone Il where parcentage of coarse aggregate for 20 mm maximum nominal
size of aggregate is 0.64 at a water cement ratio of 0.5.

Now waler cament ralio is 0.5 and 1hus ne adjustment in the percentage ol coarse aggregate is
required.
Thus volume of coarse aggregale

Ve = 0.64 imes of volume ol total aggregale

So, volume of fine aggregate

e d\
and volume of f i"neg g‘réi?l‘é'f‘

Thus mix proponio}{s are - . et
Cement = 394.32kg/m?
COarse aggregala = 1256 .8 kgim3
Fine agregate = 6589 kg/m?
" Waler = 197.16 kg/m?

llis a'so given that coarsa aggregale absorb waler @ 0.35% and thus addilional water is required and
1his addition

= 0.35 x 197.16 = 69 kgfm?
Thus correcled waler contenl = 197,16 - 1.97 + 69 = 264.19 kg/m?
Correcled mass of coarse aggregale -
= 1258.6 - 69 = 1189.6 kgim*
Corrected massaf fine aggregate
= 658.8 + 1.97 = 660.77 kg/n?®
Thus aclual masses of materials required al site are:
) Cemen! = 394.32 kg/m3
Coarse aggregate = 1189.6 kg/m®




Fine aggregate = 660,77 kg/m®
Waler = 264.1%kg/m?
Given bulk dansilies of line aggregate, coarse aggregalte and cemenl as 1695 kg/m?, 1590 kg/m? and
1450 kg/m3 and 1hus mix proporlion by volume is given by

39432  660.77 . 11896

Cement: FA: CA 750 g% 1590
= 0272 ; 039 : Q.748
=1 ;143 L 275
. 264,19
and water cemen! ralio = G947 - 0,67

Design an M40 concrete mix a8 per Is 16262 2009 uslng super plasticlzers, ty

ash and air-antralnment for the followlng data

Type of exposure : Very severs

Slump e 75-100 mm

Camenl )

Cement 43 grade OPC

Specilic gravity of cemsnt 3.15

Bulk density of cement 1450 kg/r®

Quality control As per required standard

Alr entralnment 3%

Super-plasliclzer

Spacilic gravily 1.1

Dosage 1%

Sand

Fine aggregale (sand) grade Grade Il

Spaclfic gravily 2.7

Coarse aggregate .

Size : 20 mm crushed

Specific gravity : 2.8

Waler abscrption 0.5%

Grading required 10 mm size 40%
20 mm size 60%

Solution:

’cx

= 40 Nfmm?

Feor MA0 concrete, standard deviation (8) = 5 Nimm?

Targelmean sirenglh (/)

Water-cemenl ratio

=f,+1658=40+165x5=48.25 N/mim?

For very severe exposure condilion, maximum vater-cement ralo= 0.45

Water content

Assuming 20 mm nominal size of aggregate, water content = 186 kg per cubic meler of concrele
provided slump is 25-50 mm

But slump given is 75-100 mm and thus increase waief content @ 3% for every 25 mm increase in
sump=3x2=6%

Thus water conlent = 1,08 x 186 = 197.16 kg/m3 of concrale

When super-plaslicizers are used, waler content can be decreased by up to 20%.

Thus waler contant = 0.8 x 197.16 = 187.73 kg per cubic meler of concrele

Cemant content required
Waler-cement ralio = 0.45

167.7.
53 =350.51kg/im® of concrete

Thus cemeni content =

.

Forvery severe exposure condition, minimum cemenl content for durabﬂv!y consideration = 340 kgim?
< 350.51 kg/im? {OK} .
157.73 73 )

Thus walgr cement rat‘lo = 350 = =045

Coarss and fine aggragats In total aggregatas
Since fine aggregale is in Zone It where percenlage of coarse aggregate for 20 mm maximum nominal
size of aggregate is 0,62 at a waler camant ratio of 0.5. But actual water cement ratio s 0,45 whichis
0.05 less than 0.5 and thus coarse aggregate percentage is fo be increased by 6.0 1%,
Thus percentage of coarse aggregales = 0.62+ 0.01 = 0.72%
Thus volume of coarse aggregate
Ve = 0.721imes of volume of (otal aggregate
So, volume of line aggregale
Vey = 1-0.72 = 0.28 limes of volume of tolal aggregale
Dosage of super plaslicizer = 1.1%
Super plasticizer required = 1.1% of cement required = 0.011 x 350,51 = 3.86 kg/m?
Air entrainmant (v) = 3% = 0.03
Volume of tetal aggregate in cancrete is glven by

1c:lﬂ,rf=,r~'__1__
75", 00

= -y
V=

o

315 1 — to 11 ]xmoc

Therefore volume of co&s& aggregale,
Yoy = 072 x 0.757 = 0.545 m*
and valume of line aggregate
Vi, = 0.28%0.757 = 0.212m?
Thus, mass of coarse aggregale, .
Mg, = 2.8 x 0.545 x 1000 = 1526 kg/m® of concrete
Mass of line aggregate, My, = 2.7 x 0.212 x 1000 = 572.d kg/m? ol concrele

; 35051, 157,73 3.86
p o= [ -0.03 = 0.757 m?

oA R a3
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Thus mix properties are;
Cement = 35051#@?13
Coarse aggregale = 1526Kg/m?
Fineaggregale = 5724 kg/m?
Water = 157.735g/m’
Super plasticizer = 3.88 kg/im?
Air entrainment = 3%
Waler-cementratio = 045~
Cement: Sand: Goarseaggregate -
= 35951 572.4:1526=1-1.63: f Bﬂ

Calculate the quantmas of cement, sand and coarss eggragale required to
produce one cubic meter of concrete for mf’i”i:mpames of 1: 10 : 2,80 {by volume) with waler-camsnl
ratio of 0.18 (by mass) Bulk densiltes of rimenl sand and coarse Bggrapates are 11.7, 16.66 and
18,68 kN/m3 respectivaly. Percantega of enfralniad alr Is 2, 0. Spacmc grevitlas of cement, sand and
coarse aggregste are 3.15, 2.6 and 2.5 taspecﬁve!y )

- Solution:
Cement : £A, :CA '
Weigﬁ;%fmler

£ t048 : : .

P14 xmi: zasmﬁs

Welght

Vo[ame

o = 1R :
Cors = 16.5GKNIm?
Cpca = 15. S&kN{m’“’

Weight Wengbt of solid .
= s = Bulk densil
Velume Vs + Vi Bulk densily !

= Absdute densily (e ) = -;ii

. Cement: FA; CA-(14.7 x kNJ : (1.4 x 16.66 x kN} : (15.68 x 2.8¢)
Weight of water = 0.48 % weight of cement = 0.48 x 14.7 x kN

0A4Bx 34.7x

W

Volume of water = m® Vol. of air = 0.02m®

147x  1.4x1666x 1568x28x O4Bx14.7x

p +0.02m®
315y, T 26y, 25, T 1.
. x = 0.257m?
Now, Weight of cement = 147y = 3.777 kN = 377.7 kg {1 kN = {100 kg)|

. Weight of FA = 1.4 % 16.662 = 5.994 kN = 59.4 kg
Weighlol CA = 1568 x28x= 11,283kN = 1128.3kg
Weight of water = 0.48 x 143.7 x=0.48 x 377.7 = 181.296 kg

Estimate the quanliles of cement, fine aggregate and coarse aggregate per
cublc metre of cuncrete If the void ratlo in cement is 62% line apgrepgale Is 11% and coarse aggregate
is 45%. The malerlal properties are as follows:

Mix:1:2; 4 with a w/c of 0.55, one bag of cement contalns.50 kg of cement and ils density s
14.10 kg/m. The denslty of line aggregals is 1700 kg/m? and coarse aggregale Is 1600 kg/m®
respectively. One bag of cemant is aqual ta 34.7 lilres.

Solution: .

When lhe mix proportion is given line 1 : 2 : 4 and it is not menlionad whether it is by volume or by
weight, we should always take il as by weight like 1 kg cement : 2 kg fine aggregale : 4 kg coarse aggregale

Alsp bulk densily or simply densily of cemenl means

. . Mass of cement
Buik density or densily of cement = Vol of cement.
on the other hand, absofute density or mass dansily means,
Mass of cement

Absolule densily or mass denslty ol cement = Vol of cerment solid

W,
Mass donsily = "f“

Bulk densny = H———M-/s— WslVs

VS VV ].'.!..

s

Bulk density = Mfisl{'i"ﬂ

WNEIE, & ooy = 0.62, 8100 noorepma = 0-4 1. Begnica mogrogae
Bulk densuty of cement = 1440 kgim3
Bulk density of fine aggregate = 1700 kg/m?
Bufk of coarse aggregate = 1600 kg/m3
Mass densily of camenl, p = (Bulk density of cemenl) x (1 + e,)
p = 1440 x 1.62 = 2332.8 kg/m®
p = 1700 x 1.40 = 2391 kg/m?
p = 1600 x 1.45 = 2320 kgim?
Let the volume of air in 1 m? of conerete = 0,02 m3
Sum of val. of all ingredients = Vol, of concrete
Let the mass of cementin 1 m* of concrele be x kg
xkg ol cement s 1o be mixed with 2 kq line aggregate and 4x kg coarse aggregale and as W/C ralio
is 0.55, wt. of waler is 0.55 x.
x 2x - dx 0 55
23338 2397 2320 " vooo T 002 =1
) : a = 27.06 kg
Wi of cement for 1 m concrete = 277.06kg
Wi, of FA. for 1 m? concrete = 554.12kg
Wt ol C.A. for t m? concrete = 1108.24kg
W1, of waler for 1 m®congrete = 152.383kg
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Q.2

Qa3

Qa4

Qs

Q.6

Objective firaili Tedsers”

The aggregate crushing value of coarse
aggregates which is used (or makirig concrete,
which in m is used for purposes other than
wearing surfaces, should nol exceed

(a) 3% (b) 40%

{c) 45% {d) 50%

For a given enviroament, the most signilicant

laclor thal Influences lhe total shrinkage ol

concraleis

(a) cemenl conlent of mix )

(b} total amount of water added al tha time ot
mixing ‘

{¢) size of the member concreted

{d) maximum size ol lhe coarse aggregale
used

Pulty is made up of

{a) while lead and lurpenting

(6) powered chalk and raw linseed oif
(c) red lead and linsead oil

{d) zinc oxide and boiled linseed oil

The compacling faclor les! of cement concrele
delenmines ils

{a) slrength

b porosity

{c) degree of campaclion under loads

{d) workability

The limi of propontionalily is applicable more in
Ihe case of )
(@) concrete
{c) castiron

(b} wood
(y mild steel

Il p is the standard consistency of cement, Ihe
amount of waler used in conducting the inilial
setling time test on cement is

(a) 085p (by 0.B5p

() Q6p (d) 0.Bp

If in a concrele mix the fineness modulus of

coarse aggregate is 7 6, the lineness modulus
ol ine aggregaleis 2.8 and the economical value

Qe

o)

af the fineness modulus of combined aggregate
is 6.4, then the properticn of line aggregale is
(a) 25% (b) 33.33%

{c) 50% (d) 66.67% .

Tensile strangth of concrete is measured by

{a) direct lension lest in lhe universal testing
machine | .

(b) applying compraessive load along tho
diomeler of the cylinder

{c) applying third point Toading on a prism

{d)} applying tensile load along the diameter of
the ¢ylinder

A spliing lensile testis preformed on a cylinder
of diameler ' and length 'L". Il the ultimate load
is ‘P", then the splitling 1ensile strength ol
concrete is given by

P 2P
@ 250 o 50

4PL : 2P0
@ Y

Q.10 Consider he following statements.

Addition of surfactants in the concrele mix
results in
1. Increaseinthe waler cementratio

2. decrease inthe water cemenl ratio
3. increasg in the strenglh of concrote
4. decrease inthe curing duration

5, increase in Lhe densily of conerele
Of these slatemenis:
@ 1.3and4
{c} 3.4and5

{b) 2.3and5
(d) 1, 4and5

Q.11 To make 6ne cubicmeter of 1:2: 1 by volume

concrele, the volume of coarse agyregates
required is

{a) 0.95m°
© 079m?

(b) 0.85m"
{0) 0.65m7

Q.12 Consider Ihe lollowing stalements,

The ellecl of air entrainmenl in concrete is 10

1.
2.

increasa resistance lo freezing and thawing
improve workability

3. decreasestrenglh
Which of these slatemanls are corract?

(8) 2andl
{c) 1alone

{b) 1and3
{d} 1,2and3

0,13 Consider ihe following strength ol concrele:

1.

2.
3.
4

Cuba strength
Cylinder strength
Split-tensile strength
Modulus of ruplure

The correct sequence inincreasing order of these
strength is i
@ 3.4,2.1
© 4321

) 3.4,1,2
{d) 4,3,1,2

1. (€ 2.() 3.() a(d 5 (d
6. (b} 7.{6) 8.(c} 9.{b) 10.{b)
1. {6y 12.(d) 13.(a)
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