STRENGTH OF MATERIALS
UNIT 1
Stress
e fohdlt o IR 98 I THIAT STl & df I oh 3T Reh 9T # Yeh UfoRTeeh el Icd— gidl & i oI
Y STE e BT TR AT |

IohTS SFAThel TR T4 dTel 37T Reh UfaRiereh a1 ahl 8l Stress (Ufdeet) sgd & | 31ufd smdRes ufaRiere
el 3R SR e & &othel ol Stress (Ufdeer) ded € | 38 0 @ UefRid aed & |

Internal Resisting Force

Stress = -
Cross Sectional Area

F
o= —

A
g g5 N/mm?2 giar g |

Type of Stress

Tensile Stress : 5T fheft a¥g R T UhR &1 T AT A1Q b &t T OR IFehY a1 # gieg
gl, dt 39 YR & o« &l Tensile Load (M= a1eT ) shgd &1 39 UhR & & o hIROT avg J
IO g1 a1t stress @ht Tensile Stress (A4 aTel a-1d) hgd 81 39 O A uelRiaaa g |

Example:

e Wire aT rope ® weight deemII
o Cable # f&mamg Srer

Effect : 9% &l iaTE dgd g 3fR cross-section area 9 HehdT 8l

Compressive Stress : 5T foheft a¥g TR T YR &1 T A1 A1Q fh a7 v uR IFeh} g
# ! g1, @t 39 UhR o & @l Compressive Load (aTd Slei- dTell §¢1) thgd &1 39 UahR ch 9
oh HRUT a&] | IU— g1 a1t stress &l Compressive Stress (&aTd d19) whgd 81 39 Oc &
veffa ad § |

Example:

e Building & column W™ structure &1 weight|
 Piston # g&Td STl

Effect : 9% &l <iaTs ged 8 3R cross-section area 91¢ JehdT 81

Shear Stress : 5T fhet a¥q IR T YR &1 a AT 1Y foh @ IGhT layers &l Th-g@R &
IR 22 & g & U &R, dY 39 UehR & a ol Shear Load (ehd=A aTelt 1 [ sheld
) hgd g1 39 UhR & I & HROT a&] A I g1 aTd stress @l Shear Stress (herd d-rd)

Feadiz@ T ueRawad |

Example:

 Scissors @ paper eI
e Rivet IT bolt IR & areT lateral forcel
o Beam # applied transverse load|

Effect : a%] &l layers Teh-g&R & W sliding motion &l g1

Strain

STe fohdlt o IR 988 I I ST &t I oh TS a1 HAThR H URIdH gid1 8 | s a1 3ehR
aRed Td URf¥eh oTwT$ o SIUTd @i Strain Hed & |38 £ § UeiRid aed & |



Change in Length

Strain =——
Original Length

8l

E=1

Ig Ueh fang AfA 3 |

Type of Strain

1. Tensile Strain : STa fhelt 9% UR 39 TR g T S foh I &iars # i at, at 39
WehR U= strain &l Tensile Strain &gd &l

2. Compressive Strain : STd foheft avg R 39 YR a1 & S foh 39T oS & 4t gt ot
39 UehR 39+ strain @l Compressive Strain @hgd &l

3. Shear Strain : W1 foheft avg IR 39 YR a1 AT SIQ fh IFhY layers TH-g@R &
iR ferm o fRATdh, aY 39 WehR I+ strain @l Shear Strain ehgd g1

Lateral, Linear Strain & Poisson’s Ratio
1. Linear Strain (Y&t fapfa | e fagpfa) : o1a fohelt avg R a1t &viman stiw ok 39 ROt
o ciars 7 gRad= It e # g1, at 39 uRae= &l Linear Strain wgd g1
AL
L

2. Lateral Strain (ursf faepfar [ st b fRApfa) : s1a1 foredt avg o ovF a1 a7t & 39T STIH
(width a1 diameter) TS & daad oM & deadr €, at 39 ufRad= &t Lateral Strain &hgd &1

Change in Diameter

Linear Strain (€) =

Lateral Strain (i) = Original Diameter

3. Poisson’s Ratio (o) : Lateral strain 3R longitudinal strain & 3furd ! Poisson’s Ratio
Fed el s YA ueRlaad § |

_ Lateral Strain

Linear Strain



Gradually Applied Load

Definition: A gradually applied load (also called static load or slowly applied load) is a
load that increases slowly from zero to its full value.

THHERT: TN 1T MR (519 AR 9 a1 fR-¢R & a1 ¥R oft gt ST 8) a8 R eldrg S 9
31+ guf A1 de oR-4R S sirar 81

Example: When you slowly hang a weight on a spring or beam. (Si& 31 foaeit 8 a1 i\
R fR-R Teh YR e e1)

Stress Produced: If a load W is applied gradually,
Stress = a

where A is the cross-sectional area.

Suddenly Applied Load

Definition: A suddenly applied load is one that is applied instantly (suddenly) but
without any velocity (not dropped from a height). The load is applied in zero time but
does not produce an impact — it just acts suddenly.

3TT-Teh STIT 71T WR Jg §idT & St YoheH ST Tl SITdT g, dAfch-T 39H @i aTet (velocity) gt
Bl — aruiq 3 fohelt g @ R 81 Sran| a8 YR Igd A 993 (RT3 99Y) | o171 Sirdl
8, U3 399 I3 ATHTd I~ 8l gidl — g chael 3D hRi T &

Example: When you quickly hang a weight on a spring without any fall (you just hook it
suddenly).

e 31y foRedt fEiT wR fomT fiRTY, Tanew Siedt § g 9IR €T &d § (ATt 3rarieh 39 deahT &d 8) |

Stress Produced: The maximum stress produced is twice the stress caused by the
same load applied gradually. (3/ @ T Y ¥R ¥ I~ AfARdH d1d, I YR Sl hAST:
T TR 3G 19 ¥ GRAT 81 81)

Impact Load
Definition: An impact load occurs when a load is dropped from a certain height and
strikes a body (like a beam or bar). The load has velocity at the time of impact, so it
produces a much higher stress.

STETd VR dd 3T~ 8IdT1 ¢ 91d ohls ¥R fohelt FAffa Sars 8 ke fondht aeg (SR i ar &) @
THAT &1 THIA o THY IF ¥R & U9 91 (velocity) gt 8, 3Tfeiq ag Jgd ifdsh aa (stress)
I T g

Example: A hammer striking a nail, or a weight falling onto a beam. (Si& — g4t @1 it
TR UER AT, T fohd} iy IR 9R a1 fRATI)

Stress Produced:
The impact stress depends on:

e The height of fall (h)

e The deflection (8) of the member due to the load and can be estimated from
energy balance:



2hE

o-gTadualL

Impact Stress = ogradual

1+\1+

(where E is modulus of elasticity and L is length of member)

Volumetric Strain (straa= faepfa)

Volumetric Strain foeeft material &1 98 70T & St dTaT & foh 519 39 W uniform pressure a1
compressive/tensile stress @AT SITdT 8, df 39T el TG (Volume) fha=T aeetar 81

Formula:

Volumetric Strain = ——

Vv

G‘ETI
e AV = 3mada A uRadq
o V=Td AT

Elastic Constants

Elastic Constants @ 701 & St fhefl material & elastic behavior @t axiid &, a1 STa material
TR I ST STTAT & 37R ST ST ¢ af a8 vt STETt ¥ 37U+ e 37eel # dledr gl

1. Modulus of Elasticity / Young’s Modulus (E) : I8 a8 71 ¢ Sif fohelt material <t
tensile a1 compressive stress 3R strain & fia ey Ft cfar g1 ag sarar g fp
material fohaT stretch aT compress gidT 81 Stress iR strain & 3UTd & Young's
Modulus %gd g1

Stress

~ Strain

2. Bulk Modulus (K) : gg gg 71 g St foreft material &1 volume change s1draT g 519 39
TR uniform pressure & T/AT STAT 81 Pressure 3R volumetric strain & S1dTd <t
Bulk Modulus &gd g1

Volumetric Stress

K

~ Volumetric Strain

3. Shear Modulus / Modulus of Rigidity (G) : I ag 7u1 & ST fohdit material &I shear
stress 31 shear strain & = &y ot gfa1 81 I8 Id1d1 & foh material fha=t Smar
9 shape @&ar g faH1 volume sIg& | Shear stress 3R shear strain & 3iUTd <!
Shear Modulus &gd &1

Shear Stress

~ Shear Strain

4. Poisson’s Ratio (o) : I8 3urd SardT g foh ST material axial direction # stretch ar
compress gidT1 &, dt lateral direction ® faea=IT contraction a1 expansion gidT &1
Lateral strain 3R longitudinal strain & 3iuTd ! Poisson’s Ratio &gd 2|

_ Lateral Strain

Linear Strain

Relationship Between Elastic Constants :




1. E=2G(1+p)

2. E=3k(1-2p)
3. E = 9KG
3K+G

Question for Homework

If E=Young's Modulus, G = Rigidity Modulus and K = Bulk Modulus, then prove
that:

gfe E = UaTd "19ich (I HT4ieh), G = 3M9EYUT HUich dUT K 3T HIUih 8 af fOg
Hiford foh

9KG

E =
3K+ G
Question

The following data relate to a bar subjected to a tensile test:
Diameter of the rod (d) = 30mm
Tensile load (p) = 54kN
Gauge length (I) = 300mm
Extension on the bar (61)= 0.112mm
Change in the diameter (6d)= 0.00366mm
Calculate:
(i) Poisson's ratio
(ii) The value of three moduli (E, C, K)
Aeffad siitne Ter a=a gdieror (Tensile Test) & 3iatfa &) 78 Ter o€ & Tefdd &
B8 ol a9 (d) = 30 fa#h
= 9 (P) = 54 foheit =g
T &@ms (1) = 300 et
&e d ge@ (61) = 0.112 faft
=g ® uRaa+ (6d) = 0.00366 &t
TOTT e
(i) dfgE= srgura (Poisson's Ratio)
(i) <h=it =TT (E, C, K)

Thermal Stress

Thermal Stress fo&ft material  3c0—1 g stress & STt temperature & aRad= (7 a1 &er
g11) & ®RUT material & faepfar (deformation) UR e &7 & I giar &1 afe material &t
temperature F&e+ R Tda 9 H expand ar contract &+ f&am SY, af thermal stress

I8! ST

o = EaAT



gl
® g; = Thermal Stress
* FE = Young's Modulus
* a = Coefficient of Linear Expansion

* AT = Temperature Change

gfe faRelt rigid rod @t T fahar ST ofiR 39 faRedt structure & ek fam Sig a1fds ag expand 7 &
g, df rod # compressive stress I~ ghT | 34t g, 38T i W tensile stress 3~ gt
Hehdl &

Question

An underground pipeline is laid when the temperature was 20°C. What stress
would be produced in it when the temperature falls down to - 2°C and pipe is
unable to contract? Take a=12* 10° per°Cand E=2 x 10° N /mm?

AT 20°C g1 IR QAT urguerse foers Sirdt 81 Sie arudH - 2°C Jeh iR Siran 8 8k
g1sy e 78l urdi af 389 fohan @ S~ gm 2 a =12 * 10° ufd °Cand E = 2 x 10°
N /mm?ZifSigl

Differences between Stress and Strength

h. 9. g Stress Strength

o Strength forelt are i ag srfdreras
Definition Stress foreft Teref UR T ATt ot <Rl &raT 8, foadh ZRT 98 ol 98 9ahdl

(ofRaqre) g ufa gfie gadd ¢ a R 22,

Stress Geh ATA-1T afATor 8, St 911 8 ||Strength Uek |l &t 70T 8, STt a8

, |Nature /Purposelo o o 8 frard Ul T aR |7 @ 2 i a8 e e T aedt
(vrepfar/<22a) MY N

Factor of Safety (FOS)

Definition: Factor of Safety frft =T a1 machine part &t wreTeet 3R FR&M T 1T ¢,
St ordTar 8 foh material &t Stfdaras &mmar (Strength) 3R 39 IR @Y Y arafas «@its
(Actual Load) & &9 foha=t margin g1

Ultimate Stress / Allowable Stress

Factor of Safety (FOS) —
actor of Safety ( ) Working Stress / Actual Stress

Explanation:

gfe s component 1000 N T stress Tg TehdT g 3R 39 R arRdldeh load 500 N &1 T &,
df FOS = 1000/500 = 2| 35T Aded I8 & foh component & I FRfa&a ¢ 3R s/ failure
g9 bl T9TEHT A gl

Ductile and Brittle Materials

et (Ductile) gare : or<iie ueref g 8 Sit get § uget uai faepfa (Deformation) ¥g Hehdr
21 39 df=m a1 /ST ST ohdT 81

IETEI0T:

fatuang:




I d-I1d & (Tensile Strength)
g2 @ ugdt rfdes faar (Elongation)
J1a-faepfc a¢k & wE Yield Point
3 Hoil ana war g

R (Brittle) ugryf : +iTR uarf ag & Sit ge-t ¥ Ugal 9gd oA faepfal U8 GordT &1 I8 ST+ ¢

ST 81

ISTEIT: '
HTE IR, hid, chehie, FARMATT, TR

fatuang:

3<g ddieA &mar (Compressive Strength), @fch &9 a-ima ersar
ZeA 9 UG hH Hell AHamitd hedr g

J1a-faepf ash & wE Yield Point gl

3Teh ¢ SI1aT 8

Mechanical Properties of a Material (arwft & gif3es 1o1)

gifach o1 A FAAWATS & it fohelt arrft it a1, gama, f&ama, gaema onf & ufa ufafrar ot qufdh
&1 & 70T I8 9T R ¢ foh arrft foha=it Aetg, feaprss, er<fiett ar wWiR 31

1.

10.

Tensile Strength : Tensile Strength fhelt uarf &1 a8 77U & S gRT a8 Eiama ¥R
! UE TohdT ¢ 3R ge T Uget ITch! STfchd T a3 gl &

IETER0T: HISeS I, e

Compressive Strength : Compressive Strength ozt garef &1 ag o1 & {99 grT a8
EETd WR oh! U8 UohdT ¢ 3R ¢ T e 9 Ugal ITh! 3ifdrehad AT I3 gl g1

IEIEIT: chehle, S

Shear Strength : Shear Strength forelt ugref @1 g 7u1 8 St wRuT ag fheer ar
e dT I ohl Ig ohdT 8

IETEIOT: Wi S, T hl ATe

Elasticity : Elasticity fhdl uare o1 ag 77u1 8 foaeh! svrur Siaf fohet e IR &R 7Y &1t <t
BT ATdT 8, dl I8 37U e AT | il 37T g

Iergeor: i, TR

Plasticity : Plasticity fohelt uarf o1 ag o1 8 [Siech hRUT 5ie 39 WR el ST ST @ 3R
ST g1 ST 8, @t ag T fAepfa <5 ot 21

IETEIOT: didl, Yegfafaas

Hardness : Hardness fohet uaref &1 ag 7o & fSiehl et Ich! |elg ol @Rig, e a1
o @ gren e 81

JETEROT: BRI, g1E HIel

Toughness : Toughness frdt uare T ag 701 8 fSihdh HRUT a8 gt | ugd sifdehas
Folt SEMAT R Tehat 21

IETEROT: AIgeS Wiel

Brittleness : Brittleness fonelt garef o1 a8 1 & fSHeh ot a8 far faneft Rgpfar o
31Tk &€ STdl 8

IETEROT: hid, PR A

Ductility : Ductility foreft ugref @1 ag o1 & fSiech ShRUT I8 Wiaert aR ST ST GehdT 8|
IETEROT: didT, TgfAfAas

Malleability : Malleability forgft uaref a1 ag 7o1 & fSrech SRUT I gute aT A | gaet!
TR | &l ST Hehell B

IEIEIOT: T, TgAfaq



11. Fatigue Strength : Fatigue Strength forglt Taref 1 ag o1 8 S SR 98 aR-aR
s/ eFets g4 W it gedT 76! &
IETEROT: TashTue forg, Aefi smue

12. Creep : Creep fordit ugref o1 g 0T & SIch RO wat I deh TURA dle o R 8
R-¢fR fapa gt SraT 81
IETEROT: I ATUHTA IR &g i e, eafs s

Stress-Strain diagram for ductile material

Stress-Strain Diagram dg UTth g Sit fohel} uaref iR @R Stress 3R IGY IU~ Strain & &g T&y
@t garfar &1 Ductile material & ag ash Elastic 3R Plastic region g1 fe@rar g1

L

7 E
( ‘l“
B[ D
A
o Strllili
1. O - Origin : g URf¥e foig & T8l hls Stress 7@l & 3R material U=t Gl 31aeT # giar

gl
2. A - Limits of Proportionality : Ig @g foig & STal de afe e 1T ST af 3= Stress
3R Strain GATUT gid € 3R material Hooke's Law AT UTl &hdT 81
3. B - Elastic Limit : gg gg 3fdehdH Stress g {4 dgd &t §¢ T4 IR material 31g-t g1
31T # gt avg ic IATar gl
4. Yield Point : Ductile materials # Yield Point &t ST & 317dT &:
e C- Upper Yield Point: Ig dg Stress g gl material Plastic deformation
R ST § 3R Stress IRATA U & HfAhad giar |
e D- Lower Yield Point: g @g Stress g Sig! Stress @R g1 Sirar @ 3k material
AR Plastic deformation f&@mar g1
5. E - Ultimate Stress [ Tensile Strength : Ig ag 3f&dd#d Stress g fSI4 material 98
ehd & 3R 38 a1c Necking & 8l SirdT 8l
6. F-Fracture Point : Ig dg fdg & S8l material 3idd: ¢& SITd1 81

Stress-Strain diagram for ductile material

1. Origin : URf¥e foig STgT ohls Stress 7@l & 3R material STt Jef aeT & gidT |

2. Limits of Proportionality : Ig ag foig 8 STal Stress 3R Strain AU gid § iR
material Hooke’s Law &l UTel-l &hedT 2|

3. Elastic Limit : Ig g8 3ifdehdd Stress 8 fSi d o §¢ ST W material g avg 1o+
A SAEAT | SAIE ATT 8

4. Ultimate Stress / Fracture Point : Brittle material # Elastic Limit 3fR Ultimate

Stress @ Uah 8 g W 81 81 Material Plastic deformation T&f feardr sik <t faig
WR ek ¢ SATAT 8




Fracture

Stress O

Strain €

Strain Energy

Strain Energy fret material # ag ISt @ Sit stress ¥+ W= store gidl & 3R 519 load gern
STdT 8, df material 319 G ST # died THT I8 I Hxh e &l &

1
U= —-0€eV
2

e [ = Strain Energy
® g = Stress
* ¢ = Strain

* V = vVolume of the material

Explanation: af¢ fodl spring @t compress a1 stretch fohar STg, @t 3T Strain Energy store
gIdt & 3R spring release &= W Ig enerqgy aTaw 31T g1

Proof Stress

Proof Stress @g stress g foie ok material # ger fAfgye Tumrht fagpfa (permanent
deformation) I gidt 81 38 TATId: 0.2% 4T 0.1% permanent strain TR 14T SI1dT 81

Explanation: Proof Stress T IualiT materials & foig safe working stress a@ & & foran
STIT 81 ¥ Hdleld g ¢ foh ST9 material 9 stress deh s fehar ST, dt I&eh! Tt fagpid aga

&H gt

Modulus of Resilience

Modulus of Resilience fardft material & ag strain energy per unit volume g St elastic

limit d<k store g Tehd! &1

uigl,
e . = Modulus of Resilience
* 7. = Elastic Limit Stress

¢ F =Young's Modulus

Explanation: Material fSia+i et & elastic limit 9% energy absorb &R HehdT &, 3d-T
resilient shgTdl &1 I8 material hY F=A<Ta= &4 A g21idar g1

Breaking Stress

Breaking Stress ag 3ifdehdH tensile stress & fSid material ge=t (fracture) & uget 9g HehdT
2139 ultimate stress at fracture *ff &gd &1

Explanation:



e g stress material Y Ifdhdaw &¥CT A gafar 2|
« Ductile material # Breaking Stress Ultimate Stress o a1 Necking & &R 37T g
« Brittle material # Breaking Stress 3R Ultimate Stress @ Qe g fag TR gld &1

Maximum Load at Fracture

b Original Cross-sectional Area

Importance:
e Structure T component & failure point &} ST+ & fag)
« Design # maximum safe load 97 & # Acg &l g

Question : Explain how Brinell test is carried out and which type of result
it gives.

Brinell Hardness Test

Definition:

Brinell Hardness Test (BHN) Tah method g STt fohdt material &t hardness (eFaiRdar) amo=
& forg v fehar SiTar 81

Procedure (33 forar sirar 8):

1. U hardened steel a1 tungsten carbide &t 7ig (diameter 10-20 mm) & material
f gdg W @1 S1a1 8

2. Ball R known load (P) &FT/T STTaT &, AR TR 500-3000 kg, $® 999 o fog|

. Load g & a1¢ material &! 9dg W permanent indentation (g1 gama/Rme) a9ar
gl

4. Indentation @T diameter (d) Y& microscope aT special scale & HTOT STTaT 81

5. Brinell Hardness Number (BHN) g8 formula ¥ calculate forar Smar &

2P

BHN =
xD (D — VD? — &)

L

Sigl,
e P =Applied Load (kgf)
o D =Ball Diameter (mm)
e d=Indentation Diameter (mm)



