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1.1 Introduction:
Structural ) Engg‘necrmg

! )
Andysis Design
(SoMm, sA) (Rcc, PSC, Steel)

- Equllibﬂ'um z SaFety
-Compahbm‘{y - S’ervice_abiliky
- Enerjy - Durability
- Economy
- Asthetic
[ Sofely 1

A structure must be safe with appropriate Fqclor of sarety
[Fos] for Loading that may come on tt during its (ptended life.

1y Serviceability
A structure should provide the service for wbich itis
censtructed.,

ipDurabi)ity-

A structure should sustain foading for which it was designed
and should perform well with safely and serviceability upto
its whole i'fe

Durability without Serviceabmty or fess ™margin of safely [Fos]

ivshas no meaning

"V)Economyr
Design and construction of any structure should be
economical without c:/lfectmg safely, serviceability and durabr‘h‘tj_

v» Asthetic:
IF huge investment 1s 1nvelved in des:yn and construction
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of a structure then asthetic alsa plays an fmportant role.

Ex. Cons:‘deu’ng a beam:

iy Safety: Reinforcerment Vs provided

iy Serviceabvlity: Doubly reinforced secHon 1'nstead of sl'nglj
reinforced secton to reduce depth of section.

iy Durobamy:Nommcu cover, selection of material.

1% Economthonolythrc oas-bmg of beam and slab de_s'lgr)ed as
T-section.

v Asthelbic: Hatf round sectien instead of rectongulor sechon.

1.2 Cement Canciete:

Ttis a mixture of binding maletial [cement], fine aggregate
[sand], coarse aggreqate, water and odmixture 1I'n proper proportion

ko achieve concrete of desired properties al fresh state and
hardened state.

1.2.) Concrele Mir:
@ Nominad Mix:

~ Based on experience.

- Mixing may be by weight or by velume. By weight 1s
préeferable

"Quonhty of water is not Fixed It s provided as per gjte
requirement.

~-Nominal mix is allowed for MS to M20

¢ | ra CA
M10 1 3 €
M 15 | 2 4
Mao { 1-5 3
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b>Design Mix:
- Based on calculation aqs per 1510262 (2009)
- PrOporhoninj must be by weight.
-Quantity of water is also fixed
- Design mix is allowed for M10 ko M100.

1.2.2 Fresh Concrete:
Workability s the moskt important pvopert‘y oF fresh concrete

which /s simply defined as “Ease to work with”’

Sy Degree of \ise Jlump COmpaCff'Z? Vee-bee
No. klorkabih'ty Factor (ésiergc‘
: Very Fage - Road Construction. . Siisc08 | 10vdo
- Shallew Section.
- M ncret ;
2. Low . it - 25-75 0.8-0.85 =10
- Lightly reinforced section
‘ " Heavily reinforced section
i Mediam - Concret)n9 by concrele 50-100 085-0.92 g -5
pump.
= 4. Ho'9h - P»‘hng 100-150 0.92-above =

- 5. Very High - Tremie pipe concreting. - C.q2-above -

* Tremie Pipe (Concrel ing; \ /\ §
opper

RN 7AREN :
; I ~Casted Pevel
m
& --Denived level of pipe
T J L
o
G b
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* No:lrabi!ily of Concrete can %?i%%asured by followir)g ™Methods.
1. Slump test 3. Vee-bee Test

2.Compacting factor Test 4. Flow Test
1.2.3 Hardéned Concrele
After Final Setﬁ'n9 Hme, concrete Is assumed to be bhard and
it keeps on gaining strength for very long time [1to 5yeaqrs]

ay Compressive Strength oF Cube:
This is the compressive skrengkh of cube size 150mm
subjected to uniaxial compression after 28 days from day of
cash'ns.

by Characlenstic Compressive  Strength of Cube:
Tt is the strength below which not more than 5 ¢, test
results are expeclted to fall.

No. of ¢
Cubes
Very gooed
_ Good
3 - Avq.
W
A\
Strength
ft !
KS
f(k J

)ct:'f(k + KS
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Frequency |
of

Cube

—L x100<5¢%,

— Skreng th
fi J

fex
Area under cuwe represenils number of cubes.
kK= 1.65 (for 5% oF definition)

‘o, of definition = K
0% oo
59, 1.65
507 0

S = Slandard deviation that depends on quality contro).

Ex. Uniaxial compression test vesulls oF 100 cubes are listed
below in increasing order. Find fe
26, 26.5, ¢6.5, 27, 9.5,
28. 28.5, 29, 30, 30.5,
) PR =
cerre s me e -, 42 EN/mMmM2
>  As per definition, fi should be 28 N/mm?, Since, F-\
always designated) 1n multiple of 5, so answer should be
25 Nfmm? or 30 N/mm?
In this case, & samples (more Hhan 5% ) are below
50N/mm?, so 30 N/mm? can not be fu
Now. 25N/mm?* canbe considered as for because z€ra
test results (less than 57.) is below 25 N/mm?

; f(k = 2§N/mmz
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©> Characteristic Compressive Skrength of Cancrete:

It s oblained by drvad'og characlteristic compressive .
strength oF cube by a factor 1.5 to account for variation in
shape of concrele [other than cube] and variation I'n loading
condition [okber than uUniaxial comp ression].

* Note:
¢ Factor 1.5 used here ys nalt partial Fo.S.

* For general conversaHon, characleristic strength of
concrete represents value obtained from characténstic
strengkth oF Cube.

1.2.4 Comparison belween Cube and Cylinder:

—AFFected by Frickian A | |
UnaFfPClPd ‘\ \ F]f[?ofrd
R F”Ct"’” ; { f’nc{/or)
I
Cy linder ) Cube
W hat should be used I 3 'J X
Acl‘uaﬂj Used . X ‘ Vv

- Uniaxrad compressive strength of concrele can be delerminal
by using different shapes of spacimen.(Cube, cylinder, prism,
etc)

feube = 1.25 fc linder

- Cylinder gives more appropriate mull:s for uniaxial
compressive strength of concrete because effect of Friction

between machine plates and speamen, is almost nil (zero),
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* Nole.———

- Cube of smaller size (a.ssumfnj 100 mMm) 3iv€6 more Sl‘rEryth
than standard cube,

- A smallér qjl{nder dsoSives h(yber shengl'h than
standard cg'»'hd@r, Prov;‘ded rabio of he:?hk to diameter

remains copskant

-These results are experimental -

12.5 Stress -Strain diagram of (oncrete under
Stress
[

' Mz

Strain

000t -
b00'0}
9000

- Skyess- shrain diagram is non-linear.

- Initial porbion of skress-skrain diagmm can be considered as
linear.

-Maximum compressive stress is correspond ing to approx strain
0.002

-Ulbhmate strain lies bebween 0.004 o 0.006

-Modulus of elasl:icity increases with increase i n gmdeoF
cencrete.

- Brittleness increases with increase in 3rade of concrete
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Stress. Skress

Q_o Maibe Tl P e e -- : -.i..:
' AR
T R St i 0
/: ' . ; | | '
10 +--~ b , to
' FERRRE R
' ¢ | , ) )
9 | ‘ b 3 poa |
! e Gaies o ; .' L i
Strain P RR0eon -
rai 5 g X 0888 Strain
520220809
o B T @
Contrallecd Stress Conlralled Strain
1.2.6 Grade of Concrele .
M-25
Mix T 1Characferl'5l:1'c compresSive sl-rergl-h
(N/mm?)

M5-M26 —— Nominal Mix
M16- M16O —— Design Miz |as per ammend ment @ ]

1-2.7 Tensile Slréngfh of Concrete.
=_IFis approrlmalely 10% (7% to157)of the compressive
Strength.
- Skress-strain dragmm s almost lineqr.
- Ratio of compressive strengbh to Ltensile sbrengbh increases
with increase (n srade of concrele.
- Since tensile Sb'ength af concrete s ignored in RCC structure

so it has very less importance. However, il is calculated
to determine crockirzy mamenl .
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1. Direct Tension Test ;
Prachcally, (tis very diFrcult to PerForm direct tensian test

because force never remains perFech axial tension due to

non- homogenity of concrete.

2. Flexyre Tesk

PeC 11—0
W) W W el 4
: | Prism
! PL/3 .
| \\
| ;
/ ® \\E
f ?
© ;
| Q)
Flexyre Formula:
. T -]
I § R
e
Pey L/3 Fcr
bD3/12 D/a
frr = 77

- 3 point loading is applied for pure bendin3 condition
(Flexure).

-Value of P s increased from O ko value correspondmsbo
which 1%t crack develops in extreme tension fibre.

- Correspond|'09 to cracking load, bendmg maement is
cadculated in cenltral perkion and tengile Sh'eng bh is
calculated as illustraled above.
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- IS 456 provides standard formula for flexure Lensile
Strength /Modulus of Ruplure

}:cr: 0.t fck' N/mm?.

Ex. A PCC beam of section size 200x300 mm is made up of
M30 concrete . Calculate cracking moment of section.

By Flexyre Formula. ] @
MCr - f(r 300 S
4 I l % Jﬂ

Fer= 074 Pek F200— o fcx
fer= 07030 =3834N/mnf

- bD3_ 200 x3003
=28 "~ =200 X500

) 12
&

=

I= 450x10°% mm*
3:[))2: 150mm

Mer _ 3834
450x)66 150
Mg = 11.502 kN-m

o Cy“ﬁder Sp)il‘ Test:

- A line loadmg a,long Iengl'h is applicd akt dr'omctrl?al\ly
endPo,'nts

- Due ko bthis loo.dr'ng, Cyh‘nder splits into Fwo parts.

fflf;l‘u,(b > [(yl.'nde‘r Sp)fl - direclt
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12.8 Shrmkage of (oncrele:

=11

Concrete has shrinkage property due ko presence oF cement.
1S 456 providés a standard value of shrnnk09e strarn of

concrete for deso’gn of RCC skructure.

€St: 0.0003
= 0.0,
:3X1O»4

1.2.9 Dumbi)ily:

E Xposure

: cription
Condition RESErpiio

Mild - Protected fram rainfall  m20

Moderate . Subjected to normal M25
mmFaN

- Permanently submergqj

in nermal water
-Foundation 'n non

aggressive soil.
-Coastad areq
TR -Subjected ko Hea vy K0
rainfal)
- Permanently aubmeged
in sea waler
-Alternote d'rylng and
VveH:mg in Nnarmal water
- Occasional Frf’ezihg.
- Subjected to sea sproy M35
(Alternate dfyt'ng and
wettmg n sea wateo
- Permanent fr96’20n3.

Ver
Severe

Minimum Minimum Minimum
Grade of
Concrete

Nominal Cement W/c¢
Cover content ratio
20 mm" 300 kg/m3 055

somm  300kglm® 0.5

¥¥ 3
45mm 320 kglm 045

50mm 340k9/r713 0.45
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Exposure Minimum Minimum Minimum Mazimum
P Description Gyade of Naminal Cement W/c
Condition Concrekte  Cover Content ratio

- Teédal zone
Extreme _ Subjected o ajgvessi've

chemicols

M40 Ts5mm  360kgim? 0.4

¥ - This can be reduced to 15mm Ffor re:‘nForcrf)9 bar dig.12mm
onr

¥¥ - This can be reduced to 46mm less -

for 9r0de of concrete M35 or h;gher.

1.2.10 Creep of Concrele:
Ibis a time dependent strain in concrete due to sustajned

toading (permanent Ioadm9) . Dead load eand pre stressing
force are the examples of permanent loadlng.

The exack mechanism of creep in concrele 1s ski)l nok
Pully understood . Ik is generoﬂy attributed ko inlternal
movement of absorbed waler, viscous flow or sliding between
the 9e| parh’cles, mojsture loss and the 3rowth ’'n micro-cracks.

P — - ——

-' L Ultimate

Creep

strain

Creep strain

|
|
I
\
|
4
A, A9 T e i

Instanta-
| ~Neous
' Elastic strai

[ —— : ?n E=10 .
Elastic Stiaiy _Creep Pcra! Time
Sktrain :
(Plastrestrain)

" o — Ultimalte Creep__Srl-rQin S
reep coefficient (6) = Instantaneous Elastic SH@In
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ng of concrete at the

time of loading Y
TAAYE'+ s ik
28dClyS i siawedome maerie
1 Vaal «mmermsncbss Fol

* Note:

- Higher value of & represents highér creep strain

-Ultimate creep strain is more if load is applied at
early age of concrete. |

1.2.11 Modulus of E)asto(i[\y $
S’l—reasl

fu

—Strain

1. Initial Tangent Modulus (IT):

It is defined as slope of tanger)l drawn at a point of
start of stress-strain dragm m. This is also called as dynamic
modulus of emgk,(,t& which is used for analysis due to
dynamic Ioadrhg_ It s calculated usrrg Resomance
Fvequm;j test.

2.Secant Modulus (38):
Tt is defined as slope of line connecl ing point oF
start of stress-strain diagram to point with stress :;_rd of
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ultimale stress. It is also called as stalic modulus of
elast! c-itj. IS456 provides standard formula for this
moadulus of elasl:i‘cr'éy.
Ec= SOOOJ_II N/mm? -
This is also called as shorl term vodulug of
elastreity and it is not fnmrporaHn9 effect of creep.

After effect of creep.

EC - -__—E_C—— — SOOO-J f(k
& ARN 1 +o

= Tongent Modulus (T):
It isdefined as slope of tangent drawn at any point
of skress- strain dl‘qgrom-If 's used rn 'pcremental lead
analysis.

1.2-12 Acceptance of Concrete:
1.2.12-1 Acceptance Criteria of Sample: ,
« Specimen — 1 Cube
. Sample ——= Set of 3 cubes casted From Same
concrete alb same Fime,

Quantily of Concrele No.of Sample
1- 5m3 1
6-15m3 2
16 -30m3 =
31 - 50mM3 4
51- above 4 + 1 sample for each

additional 5o m°.
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1 Sample
Compressive Strenqth
P ng s y :
of specimen
Compressive strength of = X+y+z
Sample b 3

Sample is acceptable only if compressive strength of
no individual specimen (x,y,z) is fanmg beyond + 15%
of compressive strength of sample (L‘;ﬂﬂ)

1.2.12.2 Acceptance Criteria of Concrete

vz 100m3
Day Day!  Day2  Day3  Day4
Quantity 20m° 35m3 25m° 2om’
No. of Sample 3 4 3 3
—%— == L
Sample Number. 12 3 45 ¢ g8 9 101172 18
Avg.oF 4 consecutive * fei +(0-825x Standard
>Marimum deviation)

and non- Over Rapp»'ng
e fex+3

In addition o above criteria, compressive strength
of no individual sample (1to13) should be less than

fck -3
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1.2.13 Testing of Hardened Concrele
ay Distractive Tesking:
Sample used For distruckive testing can Not be reused
for service.
1. Load Test:

Used in precast construcktion,
2. Core cut Test:

Used in road construction.

by Non-distructive Te.s{mg.
Sample used for NDT can be reused for Service.
1. Rebound Hammer Test:

gl

\ g Plunger
/__;

- Plunger of this apparatus is pressed against
surface of concrele.

-Energy rebounded From concrete surface gives
idea aboul strenglh of concrete.

- Reading meter installed with this @pparatus giveg
a value which s multiplyied bj a factor ko geta
compressive strength of concrete.

- This method of tesh‘nj is vague because plunger
pressed agqmsl- mortar and aggreqgate gives
different values.

- This kest gives ideq aboul surface of concrete
onl\\j.
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9. Ultrasonic Pulse Vc’lodty Test:

Emitter— Recéiver
” concrele.
’/
Electronic ) |
L [ u'

_ Digital read fn3 meler,

-This s an electronic method in which emitter
and reciever are connected on epposite surfaces
of concrele.

- Time laken by ultrasonic waves te travel l-h'rOUjh
concrelte 1s Mmeasured.

-IF bime 15 less then concrele is dense It means
quality is good,

- This methaod is also used ko detect crackm3 PN

RCC structure and to determine dynamr‘c moduluy
of etastrmty.

1.2.14 Concrele Mix De‘sngnt

Stepl: Caleulate targel mean strength
f( - f(k +KS
Where, K=1.65 Lfor 5°/. of definition)

S= Standard deviation that depends on
quality contrel.



