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TH-I Strength of Materials 
Time- 3 Hrs 

Answer any FIVE Questions including ) No.1&2 

Figurcs in the right-hand margin indicates marks 

Full Marks: 80 

2x 10 

Answer ALL questions 

a. Define Stress. 

b. State the Hook's Law. 

C. Write down the expression for Strain Energy. 

d Define Hoop stress. 

e. What do you understand by Principal Stresses? 

Write the significance of Mohr's Circle. 

State different types of beams. 

h. What is pure bending? 

1. Explain Crippling Load. 

J.Define shaft. 

5X6 
Answer Any SIXQuestions 

a. State the assumptions made in theory of bending. 

Find the reactions of simply supported beam when a point load of 

1000 kg and a uniform distributed load of 200 kg/m is acting on it 

as shown in figure below: 
1000 kg 200kg/m 4b. 

BYAAaÁAAA 
3m-

6nm 

R R2 
C.Explain Temperature stress and derive its expression. 

d. Derive the torsion equation for a solid circular shaft. 

A circular bar is subject an axial pull of 120 kN. If the maximum 
e. intensity of shear stress on any oblique plane is not to exceed 55 

MN/m, find the diameter of the bar. 
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Find the generalized equation for Shear Force & Bending Moment 

of a simply supported beam with Uniformly Distributed Load. 

A steel rod 22mm in diameter and 1.5meters long is subjected to an 

axial pull of 35 kN. Find i) The intensity of stress, i) The strain & 

Elongation. Take E=2x10* N/mm 

Derive the expression for Hoop Stress & Hoop Strain for thin 10 
3 

spherical shells. 
Find out the expression for Section Modulus for a i) Rectangular 
Section, ii) Hollow Rectangular Section, il) Circular Section & iv) 10 

Hollow Circular Section. 

10 

Derive the relationship between the three modulus (Young's, Bulk 10 

& Shear). 
5 

The principal stresses at a point in a bar are 150 N/mm° (tensile) 
and 80 N/mm (compressive). Determine the resultant stress in 

magnitude and direction on a plane inclined at 60° to the axis of 
the major principal stress. Also, find the maximum intensity of 

shear stress in the material at that point. 
Derive the formulae for Crippling Load under various end 10 
conditions. 

10 6 

10 7 



S.oM. 8tength o Matoial 
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oD.elne 8tas2 
AStcs8 lehinud as the internal heastane o hobrk enuted 

body de sppaa kheappkird edenak os Load. 
Mathcnakicolly , &tAAss Tohce F 

A AAa 

6 &tatethe Hosk3 Lau? 
A tates khat _when a nakezial 8 Loacled usitkio is3 lokkie 

Lok kke SthLsa ho4Potianalto the tsain. Ma de 
ngttd Lhat Hoaks la euolly holds qssd h tenoa as 
CLll a CanphL22e. 

CuAite daua khe expscs8ion o thain enehgy? 
A Aa eaph3ign sthain leneagy is qinesoLi 

UF6/2 Ee.t Aloadrderploceet VW AL 
rt yOoicene Lnk 1oL dene 

Mernel W done ik te hoein ene trad 
* VeAxL 

whee- frPedully ebthi boeln 

AEI d) Define Hoap 3taess 
A Hosp isunleential stbe 8 tensi ste nducrd 

i tha akerial of holke krdes o hollas sghesa 
LsndainAq_larne lrid uades. keskuse, the disuckisn ol tda 
sMAAR Keng_ tangutial ko tHe peiimute of the ylindeso 

3pheae 

awhat ds you undusstard y Rincilal sksessea? 
A) Ka oagnituda of dseet Anal btaesses (tensl A 

Comphuss) as e cae Mo le ading nohal ko tha prinipal 
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planes am knausn aå pAincipal 3heJs3. 

)tite he Signki.came oß m Moks2 ue 
AThe bcnekt that nohaa ire phovides s khak it vtaes o 

ViSual epeaentation of shat A happering, ard h wlolina 

oskianng of the staess 3tale on an elunent ilakin to a 

Set o cssdinale axe 

9state d4leRat kype3_o ltans? 
A lllehent kypes of Aeeans aai 

Simply &upfated beon 
eAhang.rg lean 

Rd kean. 

1Cantilases Apeam 
iConkiasaus kea 

hl cwhat i8 pLKending 
A whin a lptan il suijicttd ko oly leending io Buch a 

Mannea that the othen actians ae alsdenk, khen thak kype 

Jepdng. 
iErplas Cippling lead? 

A e ninimum ampunt of load at hicha colum 
et klorh burklrg ie., i asll deulof an elaltie 
instaklity . Tka lood is Kan as oikica) o Crieptng losad. 

Defne ahals? 
)A 3halyA o hotating madhnr elerent, udually cinadas in 

oht heanstha, oi pom o Machne which psodces 
Aouser to o locke which albsobs uer. 
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aState AAs assumpi.ons Mode in throy of bendling? 
A e as&umpliangMade in hroy of Sending ahei 
he Ltan is 2uljectnd ka pie 2mgle bendng only osd 
heaA Khce act8onit 

eean mateial A 3tnR33e_wilhin elallie lnit ard 
hence elseyn hook'3 law. 

a 

na thanauesLR Sectisn 
he lseani8 zeha. 

hematesial oß he kean i homegentav and 2tsapic. 
V he thansneh3a Sectian of te lseo0 hch 28 plane lere 

kendnq senains lae _alter endng. 

bLnd hz htactiark o a Ar Jlsstel bean hn a 
ent loade looo kg and a uilomdSlted load s 
200 Kal n Acdngs as hon in iqure lelss: 

200 eim 

3m 

6m- 

AStign 
hdog to talculate hacigy K La ament atleat 
C 

A 
3 m I5m 

R 
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lockuise Menet2 = Anti skackasiae_Maments D)E 

K X lo oax 3 t200 x3) 3/2 2 
6K.z3o00 t }00 3 9oo 

39o0=650 Kg 
10)+ (20d 13) 

Le-95D 

calelatirg Ka_i.e. eactian at oint c CD H 

K,+R2 t 200 220G 

R2 toztha 

GEcplain_tempehatue SAegA ard desiue eapae2dian 

A ompehatureheznal 8Ae3s il Mechanical es ilatee Ky 

any shange n tenpeialuAa af anatesial_Keza 2ae 3aegran 

od ka packusing plastie delsnalian lepeeling en he 

etkes vashialdes of hratcg, uhich isclule Matezial typesard 
Conisainti._ 

iginal length s the lead 

ncheabe decstase n kength 
6l-lxa xt 

the ends of he oly are_pasd_to higid u4pside Ihat 
exponkion huntel hen LsnphraBie thain inducse in 

E 6L L.dt zk 

E Yaung8 Modela 
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dDeie e tor8ion euatian hor a Dskic adas halt ? 

A)Conk:des a Sels wraar Bhofs hoving odivs R which ia 

epskd to a lo T at oR end and he olher end is 

also undea the Sane tu. 

Angle in hadivs ae! hadus 
A Ab Ro/Ly 
Y- Ke/zL 
whene 
A and 0hese ahe Lankidezad as Ba tso fms Poiata 
esent io hacealas 3haf 
Y: Me angh etendled kay AB 

edels af igill 

T heas 2Aa222 
Y- 3heah taain 

R/L=YG 
tenBides a Seall 3tsip of khe adus ith cknes da tha 

27I dA 

Pad oe nall p 
do- he cknesa ok he 3tA 
2T'daltoue al the center of the haht) 
Tapk 27 T'2 da 

TR 27ne/L%2dr (2ufaituting fo T) 



T: (2T ne/) /* asvdk= one /L [(xd")/32] 
atcngntei4es 

laptes itegaling and Sulsttuing bor R) 
lune/)T (Subskituting fos. he tolas naren f ineia) 

si 

A has k is Salgicct an asial pll oh 12o KN A 
aniun intensly oß 3heas Use on ay olur plars 

Ael ta enserd 55 M/n fole the dianttes af e loa 
A i data 

Pa12o KN =125 120XIo N 
Cnax 55 MNIm2 

2 

A 

Ata a tibcle = 7xd 

120x to3 
7 xd 

120X1o3x4 

alss klous that 
Marium 3hea 2tes3 

55 480000/ xd2 
2 

d2= 480000/ 
2X55



d2 1388.18 
d J138g.98 
d 31.26 mm 

nd hs genesalized euakgn hok sheah 
Mereal o a Singly uppoted Alan wth unihsly 

stkuted Lood? 
A 

W: lox5 o kN 

AA Ho KN MA MgO 
2r m 2 2 m 

i m 
Ox2 2o KN 

Mge+(4ox2)- (20xi) 
8o-2o =60 Kn 

2 

toX4) -(tox) 
6o 2 lo-8o 8oKN 

63 
lox6zboKN 

M t(tox6) -{6ox3) 
24o- go 26o 

120 
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ta an anial pull of 35 K, "Lod ) Te intenkity oh aihe 
hain & tlengation. 

aKe E : 2.X 105 Nlnn2 

A nen datai 
0 22 mm 
L 1.5M=L5xlo m 
P 35 KN: 35xlo3N 

atenay of 242e8 ck fIp 
ARa A 

x22)2 32o.13 a 

35XI 92.01 
380.13 
O92.0? MPa 

eKrgu thal3t2ain 6Le daasKngsSL:2
e alis Kna JhatL 

2 XIo59 2.07 

E 92.o7 46o3SXio4 
2Xlo 

Eh.ho35 xlo 
lengatian l6L) = pL 

AE 
62 2 35x lo3X15XI 

3&o.13X2XIS 
SL 0.69 m 
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3Derive the enpesäion for hoos Mss k Pooe Bain tot 
io 30heicas &hels? 

B Lloid stores undes p423e tnsicle e yindrco Bhell, 

Nesuse e ockisg vesically upwsd and dgwrwahs oues 

tke eylindsical wall. paesss Vee! will tend to lun al 

displayc hese ia frllpuisg_guir and LIL leweloprs in 

Such kaihae of slindrico zAell uill Le tescud alkoo ia 

et us coNilor heza fllasoisg bn ta desie the lepaian 

Lall ofylindoical hell 

dntenal dianetea of lKn Aylodaical Shel 
t hiakaL38 o6 the wall of e cyliader 
L length o he cylindrica! shel 
de s kents tses ok hoof ath38 develaped ia the 

wall of tke ylindsical &hrll 
odeiLs bell hatng wll take plaer ih farca du to sleral 
id re3&e w Ae mdR has the ses3ting heha duete 
Lanhsnias 3taes or haof Btre3s cleueloped in th all a 

Sn order ts Lluse the enpean A ihumkezential 8tAus 
r host tess developes in he wallof the eylindsical 



Bhells s wll ou ta considen ihe liniling tass i.e. oa duu 
le intesna! pluik pmsswre 3hould le eua la the res:3Ling 
hoa odue ko cihuumfesertia 3tess o hoop thus 

nteroa! leid Pessu X Akea o_which lusd Are3sa uil Le 
Ccing 

Tørs dus ta intesnal aid pris82e = Px (dxy 

Soce due ko istsnal llid pA3&Ä PxdXL 
Re38ng haice dus le sunfereatial the3= oX2LL 
As Le 
luatia ai neatiosed hese. 

tacisunhesistial SL 

PxdxL = ocX21t 
Pxde aC X2t 
OcPxd2. 
Oc Pd 

2t 
Oc Oa ardP AteIBel asL fed pespendicdak te lack at 

Ne_ hot p atl al a Lsnphe3bine halial IALIA _an imei 

aukhorr ok sgindes. LLLL Oard ga ae nuch kases 

banp hesabshn caldalionos Btbains He elhet o 

isa setal Bain 

-Vga 
E E 

PD -vPo 
2{E &E 

P_1-2v Not thot e Ceunfesindeal 3thaia 
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5Dese the helatuenship leee the thse modsus (hung l 

Aet 3Condea a ale ABcDEFTH as disployad a the 
ollausng g let us alure that che s &ultjisnd ih 
hree rubally pehpenojeuloh tensle Btas a o imilas 

atenddy 
fo 

Let_u8asLune hat e hne foleusnq oetoils aspetioned 
alsone-Lhese 

dength of_ the wle 
hango length_of he Le dL 
sung' moduhs oß elasiaityE 
Bulk modkss of_ elastiy : K 

PoSlen hatis = y 
Lengitudnal gian_ per Uit LL = a 
latera han per uni Bte28- B 
A3 hane alhnady disseu&3ed iKe. ean hatis al e 

Lotenal Aaain te lengkslnal aln ang theaehoL_e an 
Bey that o3Bon hatio,(v) = P/a 
aiud recal! the young's nodls oh elastik E: lengbnal 

38/Longhudina hoin 
nguekagl 3Ae8L4arqikknat 
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E: /a 
iitial Volvme he Lube 
V ength X withx huighs -3 
Nas wi ewsa hs h fnal dinenkians o la ahe 
gdea e Mas he giAal veluere_e the ube anS 
nally e_il deteznhe le Zdk_moculs of akih 

heus alseady discusbrs hat thau outually puAndialor 
Aule, dat deteeni here the ge o tense 

AS L hne alseady l2en that E= dL/L_ 
ZAAain zdL/L_ 
dL LX 8Aes8 Xa-LX O Xa 

dL:.aa 
au e ui houe te tKiak 8ghly ers ta dec8s Zhe 
elgect on kngth o the aulbs undes thsse_mutualy 
pehpendiauias zensle 2th38e of &calar intensy when 

AEH and BFonc hAsa _L Ae iteale engt 
duR to ongitudina kais dewelsped dus ta dLLt 
tensle ae38 arding euer the foee AEHO and BFinc. 
SintanRausy, ue nuBt hane to sote_it heAA hat 
tensle 38R 2cting oah tha fac AEFB_aN DHO 
dwRlsp tha latesal a n &ick AB. 

BindarytALlL_AL actng _oNeA thefoce AlCD nd 
EFCTH il alss deuelop Jhe 2an in Lidle AB 
nal ength of_he culee, 2Lt L.o.a -L. g.=L.o.P_ 
inal 3idahngth s ihrcs,E L IHo.a-2 

inal Valwne os th sde 



13 

V- L3xLlto -(a -2 P)15 
NS e i ignste he holrct ol 3mal uantitres 

olea to lasy undesztanding. 
VA=Pxíto. a-2B)J3 

Vg : L343c.L (a2) 

esperdiailak iiasde ZIAesLs of Amdah intengiy aL oting 

Ay 3 3o.L2(a-2E)-L3 
Av 3-13(a-2 
Let s see hes elsmete ain 
Volumetie 8tain he peciied Lwle hes i l 
detesnned al dzplayes hese 
voloutik 8than 2 Av/y 

N e i gind ess BulkMedels a elasticidy (K) 
BuAk mololus of_haSAity cil ke cefned o he2alio 

8thain and thesepAL A Wl wAite hese as entiennd_ 

hes 
K o / (a- 2 f)] 
K L/3(o-2 P)] 
3K fa -2 )=) 
3K (-2 Pla)= 1/a 
A e Aaue allody 8etn alave that 
Yaung' oels ol elaslicity E a l/a 
Poi3Lgn atis V= (P/) 

AtA heplacing Ahe Valua ef /a and (É/a) in alsoe konnkode 
eSedien, e i ane he dests ALslt whih o Aas 
Ahe relatardhip lxtuRn young3 odlusof elashzl (E) 
and luk flodls af eosiity (K) 



26(1p) 95 
E3K1 2p) K- 

4 

3K-2v=E 

E: 3K(-2 43 
oah a 

15 N (eslk) ond 20Nn lCor es. Dsn 
tha usot csin mogntude and oiscdion oon 
plorcnlotdal al bo" Jo the ars ofhe ajs 
phiial 3ss. AlLG, hind be oiru istvaity ss 
Aias SsAss n hL mattal al ihat font 

AUn dato 

LopssNe MBLk,oy lo /run 
Brglk ndk ky ke plam in the crtct-an e ojo 

ipa (teszile) 84e3), 060° 

S 160+ 2 

Cn x Cy tOxCy Co 20 
2 

150t 20 + 190-80 cas(216 o) 
2 2 

116+ 35 co 20 = 97.5 N/n 

7.5N/rn lte) 
a J2 Oy 3o (2x6o 

2 

2 

o-20 12o' 30.3 N rvn 
2 



oR2XBO 

Rsakant t8 
J(92:5)2 (30.3)2 
l02 N/rm 

Diectign o he LButant 2us, 

V2ar)4 2 

25+ 

1.5 3.217228 
303 

ManMum sheak 8IL 

T6m-6-y 
2 

6m- 
t 

Desise he pole go LAplng lead hdek vakigul 
end Condtions? 

A enacalsma t A 2oteeted to an nial Lonpesne 

Loadl, tAese wil Ie deueloped kendng Manent ans hena 

ZhI Bendng heA _deselapesn the colur 
ons at wiih cokunn iust Asods oskeekles tsu le tesn 
ak kurkirg A Liglng lsodiit us Lonlder a Lotumn 

A length L_ asdsploykd i the suing igua. Let 
U8 Conoler that lzoth tha ends af the cdeen a 

hnges 'e. end A and s end B as hinged. 
Lt uHhak that p 2 the lood at uhiuh koloma ust beds 
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indicotes he Condition oftolucn alter opplcalian o 
(riopling dead o n,coluern lueklez 

BP 

AP 

New hse! d Conlides one Xeien atadstosce X_oend 
Aad let s consides tkat y 8 bhe lattbal eleslection of t. 
Leluro al dsplogeio alsau liguhe 
Ne e ll letssmar e lenderg Maenet denelasL adral 
the Becetign ard ce Lon_wte ital meatisned hese. 
bendng aeat, M= -Pxy 
e han taken ALgatiue 2gn hiseeh AloAg Mgneme 

derelsprddue to CEAAlng leas osreA the 3tction 

Knou the exps3ion has kadiry nemeat ran deltetien 

nding Moend M2 E.I [a2ldr 
Le Lonalde se hese hhe eluatio aktes eating lztk 
CrphRJisn3 hoi kding_momeat entioRs alaue ard uew 

hore tollauing euakion 
EIdy 2-Pxy 

E.Tdly+PXy2o 



Ates 8oluirg the diktesent.il e2salion, we d holoisG 

eSwation. 
y: Ccos Ix. P1C2 &in De. P 

Ale eluatian s also ke tesmud al lateral defletion 
uation o Lolurn,Canse1 akr the lan3tont e 

Lnaiant nteghation il.Candca 
Snd sgnditionß hor Lang Lalum& and we_wll &ecsA dh 

Vale ol constant a istegsali ie. CLadz dy ing he 
he3ecte end Cenditien8. 

A e Kneus hal o long Lolunn ws lth the lods hinge). e 
hote fllssing end cordidiaes ai untientd hes 
Atx0 deßlkction o 
Atx 2L deletian y co 

in alae latesal dellctisn euatisn bas calern we u hawe 

Ax o dolllctiny eo ond hence aktes vling_ thesc ale in 

Latusa citk dellicdion watian he kalsen Le ti haui 
ntanto tlesatign ie. Eo 

Linlasly e tua Secand end ordiien e at x:L dolleia 

yo ond constat A} inegalian ieqo 2n alone latesal 
dellection ezuation yo solurn and we il haue value ef lonaka 

ointlghation l. Cz. 
M :L delesdion yco and e Jove alsiady detesninnd
Lonstant o iotaghatizonje. z0: Thesefote caaslant integhaten 
Le. C2 wiu ke detrsminsd a displaze here in hollaring igus 

Y: CCa Lx. 



20t c2 lio P om ond hiree L) 
O)Bh ero_Axe 

C2 8in TE]o 

L Can Lsncliele hesa 
me no x o da h 

2 

hat Lzo 2nd in ths3iuatian letesal delleian ek iol 

t tan alss bay nsn hese_ Ihas colurn _wil Dad le lend 
aftes aicatie afchitNng load p and al ua Knaw 
his Btaeceat uruneues le IAue ans hece ouailumghis 
taKing Ca co he 

Ain 1 An0o in Ter EL 

et icorkidr he leet attal Valu_and i 

lrpassion Chibplng load 

hone dsplayes in fadesing guhr 



nd ndsut the exDseion ko hion Mochlus r a 
etangula Seian 

Cibelar Secien 
A he modulus oß &ecisn ay be defnns al he halio of 

Memed of inlatia to tha distarca ho he eatsee fhs. 

i) hallos nictangulah 3adion 
& vhollos Aular LLtion 

Z /y T retangulan ecior, I = bd3/12 &y= dl2 
Z: bd 

hictagulak Jection 

d 

1 
M 

2kads 
oRpnaepeF 

M 

modos elotkeh 

_ bd 

low hetangule ition. 

Y 
(B03- b03) b 

12 

Y: D/2 



Z: 803- bd3]_ 
12 

69-b 

Z 

y 
64 

2 Td 
64 T 

Holgs Aisdas beian 
32 

4 

2 (04-44) x2 

D- 
32 


