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1.1 Introduction:
5£ruct'u_ra! IEng;'nearrr?g

{ R
Ana{ysis Design
( SoM, SA) (rcc, PSC, Steel)
- Equl'ﬁb'ﬂlum e SaFetH
'Compﬂt'b"“{y - Serviceability
- Energy - Durability
- Economy
- Asthetic
i) SoFelH:

A structure must be safe with appropriate fqckor of safety
[Fos] For Boadr'ng that may come on 't dur;‘o_g its ¢pntended life.

?T)\Sewfceabr"ﬁlj
A structure should provide the Service for wbhich itis

coenstructed.

F?i‘)Durobfht_lff
A structure sheuld sustain foading for which it was designed
and should perform well with saFeéy and Serw‘('f'abi}f{y upte
its whole V/'fe
Durabi!lity without Serw‘cé’abih'zy or fess ™margin of SaFely [Fos]

ivshas no meaning

vy Efonom‘\ji
'Desrgr) and construcetion af any structure should be
economical without affecting safety, serviceability and dumb:‘n'@,

v Asthetic:
IF huge ihvestment s involved in desrgn and construction



of a structure then asthetic alse plays an ¢mportant role.

Ex. Considering a beamn:.

iy Safety: Reinforcement 1's provided

iTy Serviceability: Doubly reinforced secHan instead of singly
reynforced secHon to reduce depth of section.

iy Durabfh’ty :Nominal cover, seleclion of material.

2% Economyt'i\dono fy-bh;c cash'n_g of beam and <slab des:gned as
T-secHon.

v Asthelic: Hatf round sectien instead of rectangular secHan.

1.2 Cement Concrele;

Ttis a mixture of binding malerial [cement], fine aggregate
[sand], coarse aggregate, water and admixture in proper proportion

ke achieve concrete of desired properties at fresh state and
hardened state.

1.2.] Concrele M.
A Nominal Mix!:

- Based on experience.

- Mixing may be by weight or by volume. By weight 1s
préferable

‘Quonhty of water 15 not fixed It s provided as per gjte
requirement.

~-Nominal mix is allowed for M5 to M20.

¢ |.ka | ca
j Mio 1 | 3 €
M15 1 2 4
Mao { 1-5 3



b>Design Mix:
- Based on calculatian as per I1S10262 (2009)

- Proporbioning must be by weight.
-Quantity of water is also fixed
- Design mix is allowed for Mio to M1po0.

1.2.2 Fresh Concrete:
Workability s the most important property of fresh concrete

which is simply defined as “Base ko work with”’

ECOmpaCHTI? Vee-bee

Sr.  Degree of s Slump
Ne. Wlorkability Factor time
e (secy
- Road Construchtion. ,
: 8 Very low A 0.75- 0.8 10-20
- Shallow Section.
- Mas creting.
2. Low s B 25-75 0.8-0.85 5-10
' - Lightly reinforced sechion
| - Heavily reinforced secHon |
o Meditim ~ C@ncrehng by concrele 50-100 085-0.92 g9 -5
PUMIp .
- 4. Hfg;h - - P:’hng 100-1560 0.92-above 4
—5, ”Very H.‘gh - Tremie pipe concretmﬁ. - C.g2-above =
* Tremie Pipe C(Concret in\?:
Hopper
TR FAGEN
——~(asted Qevel
1m | oy )
B =ikt St el PR R,
7 % e
o s




* Workability of Concrete can be measyred by Po!(ow:'ng methods
1 Slump test 3. Vee-bee Test
2.Compacting faclor Test 4. Flow Test
1.2.3 Hardeéned Conciele:.
After Final Seiﬁ'n? Hme, concrete s assumed to be hard and

it keeps on gaibing 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 frem day of
Gastl'ng,

by Charactenstic Compressive  Strenglh ofF Cube:
Tt is the strength below which not more than 5 ¢ test
results are expeclted to fall-

No. ofF i
Cubées
Very goed
— Good
- Avg
Skrength
fi ;
KS
thk e L =

)Ct — ')Pck + KS



Frequency 1
of

Cube

“1 x100 <59,

¢Shen3bh

Arvea under cuwe represents number of ca bes.
k=165 (for 5% oF definition)

| o/, of definition | K
O0s oo

5¢, 1.5
2507 0

5 = Standard deviation ¢hat depends on quality control,

Ex, Uniaxial compression test yesulls ofF 100 cubes are listed
below in increasing order. Find f
26, 26.5, 26.5, 27, 27.5,
28. 28.5, 29, 30, 30.5.
L -
c - ==, 42 . 5N/mm?2
= As per definition, f. should be 28 N/mm?2. Sipce, e
always delgnated in multiple of 5, so answer shouid be
25 Nfmm? or 30 N/mm?
In this case, 8 samples (more Hhan 5¢%.) are below
S0N/mm?, S0 30 N/mm? can nal be fo
Now. 25N/mm% can be considered as )Ock because z€ro
test results (less than 57) is below 25 N/mm?

2> fek = 25 Nimm*



© Charactenistic Compressive Skrength of Cancrete:

It is obtaiped by dr’v:o):ng charackeriskic 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 [okher than uUniaxial comp ressian].

* Note: .

¢ Factor 1.5 used here s nat partial FoS.

e For general conversation, characleristic strength of
concrete represents value obtained from charactenstic

Sl:rengbh oF Cube.

1.2.4 Comparison belween Cube and Cylinder:

300mN] Un Q}f;ﬂ@ cted ! \ ';""’;-—- Al b(?—‘c‘t(-d
e Friction ; { p”(%(.i“
) /{_j A ‘i“_‘.‘:: ; '._\
b—150mm—> ' 1
Cylinder : Cube
What shouwid be used SR : %
X || Vg

ﬁcfu@ﬂj Used -

- Uniaziad compressive strength of concrete can be delerminead
by using different shapes of spacimen.(Cube, cylinder, prism,
etc)

'F('ube = 1.25 ij'lndf'r

2 C’ﬂlmder gives more appropriate results Por wniaxial
compressive strength of concrete because effect of Friction
be twee) machine plates and specmen, is almaost nif (zerg),



* Nole: —_—

- Cube of smallér size (assuming 10amm) gives more strength
Hhan standard cube,

- A smallér C;j’mdﬁr‘ dsogives bfgher Shené)bh than
standard cg':'hder, Prov;‘ded rabio of hﬂ‘ﬁthb to diarmeter
remarns conskant

-These results are eﬁtpenmentaf-

1.12.5 Stress -Strain d"agmm of Concrete under

Stress
B

_——TT\M50

F i |
'//\Mss

o
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'
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§tra in

200'0f-- - --
000
900'Q ¢

- Skress- strain d!‘agmm 1Is nein-dinear.

- Initial porkion of stress-sbrain di‘agmm can be considered as
linear,

-Maximum compressive stress is corresponding to approx strain
0-002

~-Ulbimate sktrain Jies bebween 06.004 o 0.006

-Modulus of elashciby increases with increase in gmde of
cencrete.

- Briltleness increases with increase 1o Smde of concrete,
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1.2.6 Grade of Cencrele
M 05
Miz T : Characterishic compressive 3&?6'!79&—13
(N /mm?)

M5-M26 ——= Nominal Mix
Mig-M160 —s Desrgn Miz |as per ammendment @J

1.2.7 Tensile Sl'r(-‘ngih of Concerete.
- Ik s approx:malt”y 167. (7% to15%.)of the Compressive
Strength.
- Skress-strain dragmm 1s almost Ilinear.
- Ratbio of Compressive strengb‘n to btensile Shengbh increases
with increase i(n Srade of concrele.
- Since Lensile si:rehgbh af concrete s JSY’)OY@d in RCC structure

so it has very less fmportance. However, it /s calculated
to determine crack:‘rz? moment |



1. Direct Tension Test ;
Prachcaifﬂ, it is very di FHeaull to perForm direct tensian test

because Force never remains perFecL"l:j axial Fensiaon due ko

non- homogem't_y of concrete.

2. Flexyre Test

S 1T5_o
L/3 L3 L3 be- ' i
*'5;3'% 600 - 50k Va5 =
: : Pr'lam
l PL/3 r
1 ‘\\\\ :
| = :
/ ® -
| E
' \
© s
|
| ©
Flexyre Formula:
M_F_oE
¥ BT R
SRR
'PCr' L’B s Fcr
bD3/19g  Dia
R ??

- 3™ peint andmg S app'l"-’d for pure bf’ndr’r‘)ﬂ condition
(Flexure).

-Value of P is increased frem O to value C‘OrrE'Spondur)Sfo
which 13t crack develops in eatreme kension fibre.

- (s rrésp()ﬂdu'ﬂg lo Ci’CtCk.l‘r‘)g load, ber‘}drng MeMmEnk 1S
calculated in cenlral perbion and tensile shenc? h i's
calculated as illustraled above.



- TS 456 provides skandard Formula For f}exure tensile
Slrfngkh/Modulus of Ruplure

for= 0 Fex  Nimme.

Ex. A PCC beam of section Size 200x300 mm 15 madt’up of
M30 concrete. Calculate cracking maoment of sectron.

By Flexyre Formula. T 7’
Mer 2 Jpcr F00 ey
! I 1 A_ Jj

Jccr: 0-Fd Pek 200 — o“zﬂ:;

Fer= 07030 =3.834N/mn?

- bD3_ 200x3003

—
== —

(3

=

I= 450x10° mm?*

y=Dlg = 150mm
ﬂcr _ 3.834

450x)66 150
M(_‘r - “I]‘ SOO. kN-m

3. Cylinder Split Test:

- A Line J’.oadmg ajong !engl‘h is applied at dr'omctn“caj\!y
end points

- Due to this ﬂoadmﬁ, Cylinder splits into two parts.

j-rr g

1t DL

)(Hf":rure 7 /nyh'nder split >}Fdi'r€d



1.2.8 Shrinkage of (oncrete:
Concrete has shrinkage property due lo presence ¢ f cement.
1S 456 provides a standard value of Shrmkage strain of
concrete for design of RCC shructure.

= 0.03¢,
-3x10°4
1.2.9 Dumbih}j:
Exposure e Minimum Minrmum Minimum  Maximum
diti Description Grade of Nominal  Cement  w/c
Conaition Concrete Cover content  ralio
Mild - Protected fram rainfall M20 20mmT 300 kg/m3 0.55
Maderate . Subjected to narmal M25 somm  300kglm® 0.5
rainfall
—Permonenﬂj Submm:gcd
N nermal wafer
-Foundation 'n non
aggressive soil.
S -Coastal areq - ¥¥ i
ver 5m: 320 .
-Subjected ko Hea vy ciilis By SLUIE 6
rainfal)

- Permanently submerged
in sea woler
-Alternate drying and
welh |“r79 in narmal waler
- Occasional FTE’G‘ZJDS_

Very - Subjected lo seq gproy M35 Biin 540k9/n73 0.45
Severe (Alternate d"yi'ng and

wetting in sea waler)
- Permanent Jcref‘z:nﬁ..



Exposure . 3 Minimum Minimum Minimum Mazximum
Condiki Description Grade of Nominal  Cement W/c
ndition Concreke Cover Content ratio
- Tédal zone
Extreme _ Subfjected to aﬁg-ressfve G fsmm  360kgim’ 0.4

chemicolds

¥ - This can be reduced to i5mm for remForCJ'f‘)g bar dig. 12mm
¥¥ - This canbe reduced to 4amm ﬂ%rés-

for grade of conerete M35 or higher.

1.2.10 Creep of Concrele:

Ibis a FEime dependent strain in concrete duye to sustajned
toading (permanent focadrn?j . Dead load eand pre stressing
force are the examples of permanent £oadtn8,

The exack mechan'sm of creep in concrele 1's skl | Aok
Pu“y understood . Ik is general?y attributed to internal
movemenl of absorbed waler, wiscous Fflow or sliding between

the ge| particles, moisture loss and the growth 1o micro-cracky.

Stress Strain 4

T P e -

Ultimate

C:eep
Sh‘q n

Creep strain

il ——

Instanta-
—Neaus

Elastic strai

—

Elastic Stiain  Creep Ktrain E=10yrs

Strain
(Plaste-strain)

Ultimate Creep Skrain

Creep coeff t{8)= — Fla Frain
reep OG)(F!C!E’F} (6) In.smnlanf’ou-? EIQS‘&I‘C Sffofn




ng of concrelte at the

time of loading v
fdays 2.2
28days - 1.6
1 Yeadp ~ssvevnmnnn o 1]

* Note:
- Higher value of 6 represents higher creep strain
-Ultimale creep strain is more if load is applied at

ea r’y age af concrete.

1.2.11 Modulus of E!qshu’!y .'

Stress |

;q'

= Strarn

1. Initial Tangeﬂt Modulus (IT):
1t is defined as slope of tan&en& drawn at a peint of
start of stress-strain dragram.This is also called as dynamic
modulus of elqg«h'c;'bb: which is used for analysis due to
dynamic Ioadl'h&;, It is calculated using Resomance
Ffﬁ'qumfj test.

2.S5ecant Modulus (8):
It is defined as slope of line conmech'n\? point of
start of stress- strain dfdgrom to point with stress E}.rd GF



ultimale stress. It is also called as stalic modulus of
clasticity. IS456 provides standard formula for this
modulus of elqsbr“c:'ty..
Ee= Socall. Wiioms
This is also called as shert term modulug of
elastreity and it is not r"n(orporah'ny effect of creep.

After f?}‘—r—eck of creep .

E. = _._E:L_ - 5OOGJ_)(TC_;
Ce 1t e 1 +-e___

3, Tangent Modulus (T) !
It isdefrned as SICJpe of EOngenf drawn at Oﬂ_\}' pgin%
of stress- skrain diagrom -Tt (s used in ipcremental toad
analysis.

1.2-12 Acceptance of Concrete:
1.2.12-1 Acceptance Criterra of Sample:
« Specimen — 1 Cube
» Sample —— Sel of 3 cubes casted from Same

concrete atl same bime,

Quantity of Concrete No.of Sample
1- 5 m3 1
&-15m?3 2
16 -30m3 =
31 - 50m3 4
51- above 4 + 1 sample for each

cadditionad S0 ™,



1 Sample

Compressive Strength

» Z
of specimen |
Compressive streng th of X +y+z
Sample B 3

Sample is acceptable only if compressive strength of
no individual specimen (%.4,2) is faih‘ng beyondj‘ 15%
of compressive strength of sample (%ﬁi)

1.2.12.2 Acceplance Criteria of Concrete

vz to0m3
Day Day i I Day 2 - 'Day 3 ‘ Day 4
Quantity 20m° 35m? 25m° 20 mM°
No of Sample 3 4 3 3
T_'X_-] ‘ - }<. ]
Sample Numbeér. "4 28 4°5 6 78 9 (01112 13

* fo H(0.825x% Standard
> Marimum deviation)

'J:(k+3

f\vg. oF 4 consecutive
and non- OV("FQQPang

In addition to above criteria, compressive streng th
of no individual sample (1t013) should be tess than

‘fck +3



{213 Te-‘.simg of Hardened Concerele
ay Distruetive Tesking:
Sample used For distruckive L*C‘.St’fng can Nct be reused
for service.
1. Load Test:
Used in precast congstruckion.
2. Core cut Test:

Used 1n road construction.

bs Non-distuctive Tes{a’ng.
Sample wused for NDT can be reused Por Service.
1. Re bound Hammer Test:

_ \. Ve Plu nger
[quhmhm[uulul. !

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

-Energy rebounded From concretbe surface gives
idea aboul strength of conerele.

- Reading meter installed with this @pparatus giveg
a value which s multiplyied by a fFactor kogeta
compyessive strength of concrele.

- This methad of Lesking is vaque because plunger
pressed agai"nsl: mortar and aqgregate gives
different values.

- This kest gives ideq aboul surface of concrete
00]3.



9. Ultrasonic Pulse Ve!ocfty Test:

Emitter Receiver

o concrete. \

Electronic ) I
Machine :

L ( ja

\—__ Digikal rchl:‘na meter,

-This s an electronic methaod in which emi tter
and reciever are connecked on epposite surfaces
of concrele.

- Time taken by ultrasonic waves te travel th'}r@Uﬁh
concrelte is measured.

- IF Eime vs less Ehen concrele is dense It meanps
quality is qood.

- This method is also used ko detect crcxckrnﬁ. i

RCC structure and ko determine dgna-m?'c moduluy
of elastrcfty.

1.2.14 Concrele Mix Desr'gn:

Stepl: Caleulate targel mean strength
F[ = f‘ck +KS
Where, kK=1.65 (far 5°, of definition)

S= Standard deviation that depends on
quality control.



Grade of concrete S

M10 - M5 3.5
M20 - M 25 4.0
M30 - M50 5.6

Step2: Take valueof water cem-ent rato corre.spondi03 o

Skep3:

Earget meansl-renghh from graph given in ,_?_9*23

[ Special Publication]
Strenglh |

ﬁ i T N

0-3 W/c ratio

w/c ratio should not be more than value cblained fram
above 3mph and corresponding to exposure cendikion.

Take marimum waler content from Table 2 of
I1S10262. c.orrespor}dr'nff o nominad Qize of coarse
Clggr’egoff‘ and Jlump 25-50 rmm

Noeminal Size ¢F ™Maximum Waler
Coarse F}ggrf?ate Content
10mm 205 kg/m?3
20mm 186 kg/m?

40mMm 165 kg/m?3



*Note:
-Maximum Uimit of water content s imposed ko
prepare economicaland durable concrebe with 2ow

shrmkage.
-As nominal size of CA. increases, waler requfrement
decreases because kola) surface area of Larger size
coearse aggregaie 's less than as of smaller Sfze C.A.
- For each addibional 25mm Slump. above values
are I'necreased by 37,
-~ Above values are reduced by 5-10°/. for plaskicizers
and 20°. For super-plasticizers,
- Maximum Limil of plasticizers and Super-plash' -
~cizérs are 19, and 2%, of quanl-f‘tj of cement

FG’Spectl”ver G

Step4:@ Calculate Cement content:

Ww
Wyc

Welghl of Cement =

This value gshould not be fess Hhan Minimum
cemenl content correspond ing to exposure condition.

StepS' Take proporkion of volume of CA. in velume g o rald
aggregate (FA+CA) from Table 3 of IS10262 for
W/fc rabio 0.5

G se A ' _ :
Proportion = _Yolume of Coarse ,gwi (}(m wic=o5)
Volume of Totod Hggre\gale

(Fll’;f‘&t’)

Nominal Size of CA. ZonelVv  ZonelIIrl Zone 1I  Zonel
iomm 6.50 0.48 Q.46 0.44

20 mm 0.60 0.64 0. 69 0.60

40 mm 0. ¥5 0. 13 0.1 0. 69



For w/c ratio other than 0.5, above values are
modified as given below —

T 0.01 in proportion for each F0.05 in w/k ratio.

*Step 6. Calculate C?uanl‘l’by of FA. and c.A.

Tolal velume of concrele = 1 M3

(@ Volume of concreke mass—= 1 - alr content

(b) Volume of Cement = by . e e
density Sc XA Pw S x1000
(c) Volume oF Waler = W w
1000
(d) Volume of Admixture = Wadm
Sﬂdr‘h x 1000

(e) Volume of Total 033"6‘3&%6’ = (a)-(b+tc+d)

(f) Ne|3h£ of Coaqrse Aggregqte; Volum e of CA.XDensily
= proportion x (e) x Sg, x 1000

WWWWVVW-—V—V—Y
Volume ofF C-A

Volume of TA.

¥ proportion =

S Volume of CA.= proportion x vol. of T.A

(9) L\lea‘gl'\lr cf Fine Aag,-egatﬁ: Velame of F-A X’Densitﬁ
= [1=proportien] x (&) x 5., x 1000.



Ex. M40, CAz 20mm, Severe exposure, slump 100 mMm ., 1%,
plasticizer, Sc= 315, Scplppn = 2-F4 , Sqqm = 1.145, FA of
zonel, Air content 1.5,

>

Stepl: Target Mean Strength :
fe= fex ks
240+ 1.65%5
=|f.=48.25 N/mm? |

Step 2 W/c ratio-

Wies 04 wevse-ocoLivgmme BP28; fE=48.25 N/mm?]
This is 2ess than 0.45 (Severe) so it s Ok,
=W/c = 0-4 J

Step3: Weight of Water:
Ww=186 kglm3 ----[frem Table2 of 1510262 ,CA=20°
For 100mm slump,
Wwz186+ 186){—1—%&

Wwz=197.16 kg/m?3
For use of plasticizer

Wwz 19716 = 197.16 x B
100

Ww = 181.37 kg/m3
This value is maximum Limit, sb kaking
%@Wi "70‘53/”)3‘} FoaAE s4 e s B [’Bas-e_d on e-rpen"enceJ

Step4: Cement Content:

Wle = Ww =2 19’9_ = 425. kg{ma
wfc G 4

This is greater than 320 kg/m3 (Severe) so, it s OK.

|




Sf:eE 5. Proportion:
Propoerkion= 0-6 "[me Table 3 of IS 10262
CA-=20mm & zone IJ
For wWic = oW ,

proportion = 0.6+ @ x0.01)= 0.62

éﬁ:r;pmtfon = o.éi_] \\

i sl
W/ proporbian

0. 60
+ O .O1

+0; 01

Q. 40 - 0-62

Step 6: Quqnlitj of F.A. and C-A.
Totad Volume ef Concrebec: 1 M3
(a) Volume of concrete mass= 1- air content

1-5
=fi=4 M —
100
= 0.98% 3
(b) Volume of Cement = We . 483 = O-ISSW‘lj
Scx1000 ~ 3.15x1000
() Volume of Water= A w - 190 - oﬁorﬂ?‘
FeXeYe) 1000
@) Volume of Admixture - _ Wadnm = NWe
Sadm X1000 Sadm “1000
425
- Y Tco
145 x10600
o= 01003'?'7)3-

(e) Velume of Tolal ﬂgl‘?re\?a{e - (@) —(b+c+d)
= 0:985- ( 6135+ 0170+ 0-0037)
- 0.6763 mﬂ



€ weiSht of C-A= Wep= proportion x (€) x Seax 1000
= 0.62Xx 0.6763x 2.74X1000
Wicpa = 1148.8‘“\:3
(g) Weight of FA = Wga= [1-proportion] x ce) x Sgp 21000
=]1-0-62]%x0.6763x 2- 74 x1000
WeA= 704.16 kg .

= Fipad Result -

C . FA - CA ' W ! Adm.
i 425 @ F0416 . 114881 : 130 . 4.25
Ra Eio 1 p 1. 65 1§ 2790 T 0.4 [ 001
Per\‘?ag 50 v B82.8 : 138 * gm  * ©.5
o
cement

Ex. Calculate Standard deviation for the data given below.

Sangle Cubel Cube2 Cubes C;;:Tg;;;f?g; (-xi) (X-x) |
| 20.5 24.0 099.5 292.3 =821 4.41
2 185 292.5 1q9.0 20.0 0.2 004
3 19.5 2045 24.5 20.5 ~0:3 ©.09
4 22.0 250 2\.5 22.9 -2.0 4.0
5 185 2.4-5 24-5 20.5 -0.3 ¢.0q
é 275 23.5 23.0 23.0 -2.8 1.84
7 24.0 23.5 21-5 23.0 -2.8 7.84
8 29.0 18.5 1q.5 20.0 0.2 0.04
q 16.5 ¥5.5 14 .0 5.3 .G 24. 04
10 13.0 15.0 7.6 15.0 5.9 27F.04

% =202 > -15.4



Standard deviabtion,

< s Z'(i""xi')t
(n=1)
= —'?5‘4_ = 285
*\‘ (10-1)

:'?[S: 2.85 _j

* Note:
Test data of wminimum 30 samples is required
to calculate standard deviation.

1.3 Reinforcement :

A“j materiod that can btake Ekension ™may be used ag
rein forcement . For e.g. skeel, copper, aluminium, plastic fibre
bamboo etc Skeel is rmost preferable because of FO”Q\;Q}[E
reasons —

iy Economical than othér metals.
iy High tensile S’trf‘nﬂih
iy Coefficient of thermal expansion /s comparable

ko as of conaete.



1.3.1 Size of Reinforeement :

Diameter Actual Areq
6 20.27F
8 50.26
10 18.54

12 113 @9
16 201. 06
s o) 314 .15
25 490.87%
28 R e
32 804.24
36 ‘o17.87%
A0 12 56.63
45 1590. 43
50 19 63.49

Ex. Provide 20mm ard 12mm dra. bars

1285 mMmm?
> Asp= 1285 mm?
@ 4-20¢ + 1-12
@ 3-20¢ + 4-12

Ex. What will be the diaq of bars if 3bars are allowed for

Ast= 1450 mm?

= 1450
ARrea of 1-bar = %

@ 3-25¢
@ 2-28¢ + 1-20¢

¢
¢

Approx fArea.

30
50
b 4
110
200
314

4q0 or

600

800
1000

1250
1600

2000

- 483.33 mm~

500

for steel area



1.3.2 Grade of Sleel:
Yield Stress.

Fe 0_50—»'[\"11 \d Stee)

Fe 415 | )
D

Fe SOO‘} e

Fe 500D Duckili
Recent POORL Dacki bRy
Devele p rment] e

Fe 600

v 3.5 T"\;,pes 6} Steel!
1. Mild Steel.
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CA — Linear

A —= Preportional Limit
AB —— Non-linear

B
C’'—— Upper Yicld Point

C ——Lawer Yield Point (Yield Siress)
cD »Yield Plateay

DE Skrain Hordenf'h3

-~ Blaskic Limit

E — = Ulbrmate Point

F — Frocture Point



g. HY5D /cTD/ TOR
HYSD — H:“gh Yield Strengh‘q Deformed
CTD —» Cold Twisled Deformed.
TOR — (Name of Companlj)
Stress Stress
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- Ik is ebtarned by straining mild stcel beyond yield
plateau by Sfrebcbfn_? and hw 1'8'?!'1')\9 at parbeular
temperature and afler that unleading 1s done. Above
process of straining eliminates yield plateay from
Stress-strain d fagram .

~-HYSD skeel s less duckile than mild steel
-In absence of definite Jield poink. 0-2%. procf stress
s considered ag 3:’f1d Stress

3. Thermo Mechanically Treated Bars (TMT)
-These barg are made bj applying thermal and
mechanical process simultaneously on ateel,
- This combination process rmakes the steel relatively
MCre CorrosiCnN resistant.
- ITMT bars are rclaHver more ductile bhan HYSD
- TMT bars bave all relevent Fealuyres of RYSD.



% Note:
-AS carbon ?, increases, strength ircreases and
ducl’l'lrrly dec¢reases .

waense = Chapterl Ends Here



