
,Juc- tu dafe"Hvu

ad axis doa; nDt- coin u &L

or cp.11fvo i A'"L aFs oF

e--7 P

E cc-ntric Loa-Jin3

ELL
)

y1=PxO

I
I
t

_l-l
\
I
\

[4) (LrJ \cl l:gJ
r Lef 'F' i! c:..m?@'ssivp- -fott.t ^"OlJ of ort

-s J,r) fi'f (C I thZ {orr-e- P P,D&.'&A- d)ro-ef a*7rezS'tvu gtre-t\

ouo'f fl\-'-- <ros1 -s2'tioQ af a ooLtnn
6. = P/A

-tha tu, tr,rz;L {o-") * bYlL 4 mgd+"la Pxp-

ecco)r ficrlY'a'
J

I
P

I
,
I
t
I
I

t
t
t
t

I

I
I

i

s;-u-ss 6s = ltyL



...-lF

6ra: Ban a &t-gtontQ-J

n 't5

\ron

M - Bend-try Mornenl-
U

1 = Mornznf of inerhd + crrrS' -se*tfoo

, ' abovf, fl"u nzfir,J- qxis

llre- benctrnl stre-sl ^t 31'cshup- ^t- il
\

6ur
L

G 
sini la$l at 3u rFo'u 2- is

v
- My"c,b= _, 

,

-Thz re>')hnf st fe'ss obtaJncJ qrz-

Er surft*: -- - 6" t 6l,t = -{ f-j9,agt -- T'-L

For sq rFr cL'L

6Rr-= -6L-6vo -:- T-i
' n5 re'st)tqnf s,tre'ss or) 3u rfacn- / ?'s

7f Y'\Qei-, 
r

gme)ler a'5 coffare-d fo sunfata L
l



F--
l

---J

--1
I
I
I

*g,oe^ETAND.sPTGoTcoTTcRJotNT

T
d3

q

dq

J) FoiLure oF the

The- rods mat

-te r't si lo L-ood P

A ,.o re'sisf'n3

rods in

+;l in

-t 4a rr^9

teneion

te n-s io n

*{t h
due to +hz

d_d-
--^

oo o -l-eq t' i strenqth aF +hz ro d-

2)

= !,A\ 6s
4

Equ+tin3 +hb ft

From th is eq ualt'on '

Failure- of sgigor

Load (P)

d?arre,r oF x;::,#bu
in te n sion <rcYose -::.#:;Kost-

since- +hc- t,^to*-ezt- -se-ct'on f *'

3eet-t aa g^1hieh haY a' -:glof in ?f

Ar,,,_ res1sl:\ni tearing o? +he

.z
(a") -

s?i sot- i s -rha r
€-or cnler

-egiSot- at*t:
+hz Slor

uO hcta

dz,

I
=_[

\ t=o.3d L L=



anJ teqrinq\t sf rength oF tha-

aeross t,\e
-sg iX or

Sl oY

CIT

P)

-t tl'-

From +hfs equaft'on, dianeter ep spiTot- oJ in-side

diqrr-retcr of So<-kaf(dt) 'no3 
ba doterminnd'

I

qJJition tp tenslon or c-r mpra-ssivc- -gtrasl

<lrL)s.h'i ng strags is also in Jt-rced in c--otter

a sP,5ot- at- tho- c-r;ntacl-. afQa l>e-tvcepn

tl

(aq +ha? Yes'srs crLrgh ''.? oF o rod' of
arLer

'o Crush )nX _sfrength - d"x E n 5c

EquatiY ahis iD bad

P - Jzxfx 6c-
14

= l+ [(d,i- *;"J, 
_Y:*' 

r] o't

eeu^i nX -t*is 1tt ?"o; = U&d, l"- efu {dr -r')9 n-

t
d-c

0-c

Jn
+he

and
it-f

dL

L

3 ) trai lu re of the -<ockzt- i n te n g ion
' ar"ros-9 tha- -glot-

-1t l.-

4
a

bu

do dt

Fromil" .t orrbsido- cl-ro ' oF soce"-.flfl i,"/-'-- datdmiq{A



q Dista ne.- ftom -the- e.nd of glot +D end oF

-sP,j of.

Pro e#eall3, sPiS o r is -subtlc,-teJ t a dou ble'

shegra\on3thaP|one.ScAnrain.inS-dne-sqrfiaco-s
oF c-o11er:J)trY r , a^ ,6,1 glguble S\oar,

sinc.a lhe 72d end ls I

lnerefirz *he area rer istr'n5 4.eat o? -tt,' o- rod o nJ

and -ghear etrength oP-the-

ETua*-toi -th is +o Load ?

P - za^d2xr-'

5)

Fram th''ts "4- tha 'tistanca
-

Fait- u re of soLket cb lt

cons iderinl the €atLurz oF sockec c'>tlar in

crushinl ,wo o:': 1T: :tr
L.uJi,"1 oF -go l<E cntrer \ -

: (dq-dz)^ b
\

crush rnj strenSth

' : (dq-a')xLx 
6c

)t tr ^ 
6'

he Jiq'1tttr oF

i 3 y.ke.ar

o? g.,c?ot 4oltar

r^A

dq

bL

dL

3ocr.a-t aalllor, nnaJ

da:tetrni nad

s9C- 2-



Vle knotat -that- a'rza -thcrb

oF th c_ c-oLLar
l. L4

4r-

shoq.iY c-ottar { t L-

Equatr nj -th ia -to ['qd

F-' 2(J4-d;)xcxc

t) F..il ure oF s?i$ot c'oItar in crLrshinX

re-si gts c-(ash ing

a nd crLrshinS -gtrengtr"r i[Y"

= + feri e"fl x crc-

4

Equ'*'^J-1''J'l li";P= I Lu

frrn this e.41 tha dia ' o?sPi3or

-l bt F-
{ ) Faitu re oF th a sP i3otr

c-ollar i n shear

We knod {hat lrc,a' thatr j'-
"L,ro shoari5 oF +lltot 

I

;1 dtxtt
etren3th oF%,,o.

il d' * l,-*,t p = r1 Az1 tlx c
*1l1rs l-oad

1i ir "i thc- ticana>s oF

4,tran5th oF 4 oakct-

= 2 ({4-drxcxE

da

I
gheq,^i "J

J-l -r aEqu^t " 'J
Ftzm sp, iq Df ca(tar h^q$

' "bu obtuneJ



cf ) Faitu re oF .<:>ltrar

-lho- c^ettar ig in
thea.dnj araq crF

: 2bxtr

3;hr:ariry streoSth oF -tha cotttr

. = zV>xtxL
EquatilS -h: t Load

P='2xbxbxC

,qrorn thig -d oidi oF c-'tter rnoJf be- &o^'n..J

d,, -d"

ta,l' t 
r ^:' t-'^" Ag+amod that the-

bendjrlg Stress inducc-d ' lt- ?s

Lood on {fta r-otter in *h e s;Pig ot- enoL \s unifutt$

dr^!7]-+g,4-te-d aokila- in the- s'oe.ke-?enL ir varies {tan

>err af {he- outef diamc.l<r (dq) an'l Max? Mqhn at-
't r't n d r da' 4rner^e r(Jz)

the- YYll^imum btnJi"l3 rnom znt oceurs at- tha-

CentrL of -ti. c;lter

in 9hea7

*osble s,he'ar,
.l

ahe- ce[ar

thevc, Qrz

lb) tr.'flure oF c-otrer in beoJ;n3 

-i 
r

DuriU 'anaJYsis ' it ig

.^ J i(
c-tssqme-J -that ]utj; "^:,^: 3::: 9*-'I dq

u n i Forrnlt, cli s'tv i bu te-d over -?La'
.J-tho- varioul'c cr-oss-g atroo :T

. -r I

s,9c-3



\

M,"o^ =; (j, d-E!'r +) - I, *
-? (dq-d'* +-+\Iz \Z e- tl

e- {-T t{ /
\

V)e_ knor.i thqt- .,ecHcrn rnodr^loz oF -Ihe- c-ofizr

z z
oo o BenJ , nS =;tre-sE i n dvtce. J l4 c.,tler

Cu - M,no* 
= {(4. "+4r^)

6



It( OeslorN oF KNUQTIE JoINT

1 ) Foi lure- oF

The- y ods

Tene i le-

tha -s olid rod

4r€- subiac-ted tD d irecl-
J tension

s f tength oF *he- rrc J

. i'&nst o n

.q^; +ie1 eter oF t ho- ^tolt
tho. knucl<el pin in ghoar

rdorki n3, the- knqckel ein
.tt' do*blo- shenr

t,o

= !"a1 o.1
l{

Eqqatttl3 -this -kr the- Load

obt^i nc-.d

2)

=L^Ir(dp)-
4

is

.dl orn
4

P-

th ol pinsheqr



E q uofr n1 lh is fo L^oqd- ootiT on the- rod

P = n, noCar)i.

From +h is eluation, Jia rne-ter knu e4u p,n r"(*)
ig obta-tnnd

OF

3) Foil.ure oP +he single

'The sin3le eto 6r

dqe +D ttrte' tengilo-
areq oF a.q.UY

= dpxt

eJ- in crr-l3h;o3

p;n -oY €-J\ i n

___--l

--T-
t
I

4)

re:'is+t ni tzq t) 11

- = (o-dP)r

strength oF sinSle

(o-de)xbx Sr

-this to Load

P= (o-df )xbx CIe

oF s ing r3ft -l is
obta, nad

cru sh i ng

Loa J, dt kn o r,,J res}stt "3

eteshirsr stre-ngth = dP*Ex 6'

Knaes oF -singla a5 t i t (t)

oloto-r nod

-|1"iae ne)s oF single e'gc- ?s aJso qiven bg t = f 'esd

Fo(lure- oF +he- s'ingla tJe- in t

Fron tA is egl , Orber lt'' qmeteL



5) Fo.ilure oF dte- -single- qye- in sheq.;ng
{

are re-ei_stin3 ?,t -d"ft
: CD-dp)t

.' . .shenn '''ft 
strcnfl'h o| si nSta e-3e- ' i

' P= io-de)'txt
Ftorrl lhis e.fltt-tha indr'rc-ad ghcqr g'fY€'ssL-c-lftr

flae si n6to -? W' c'heekeA

-+-The mininurn fi'rievnc* of t+e sin|lo eXc is

td'.n * 
,-= t'95cl

6) troilure o$ tnt -forktJ e'nd in te-nsion

the- -foqsta e'nd or d a'rblo 'Sa mt {*iL
in tc4slon d,m- fc, 1to,lr '',1 rr ,,,;'_*ilti

hlo, knotD -d^af Q'rel

= Lo-df)rt1xz
snd

.'. Teari nq

F= (.

frorn this "f thict<ness of torhed;*:l)s

'' trio''?gd

id

t\,



T) fariure- of +ha {oread errd in

lhe t'orfea end or pin -9S {^iL
dLtc- {o ttne tansito Locd-

i l') t. r t rl'l

crughing.U
i n cnr"h,n3

\A/a knoo tha,t- e re.a- ,res

.'. c,rushing strengfh ofVV-J
Elrah'n6 -tlnis h,

' ' Fom tl"',a "{. the- i
{or *he {orke'd eml

thi chncar of 6

i, ,lilir 1 (:

%) Fa.ilure- of fl-le- +"rkeA €nd in g;hear
Tlno lorkeA encl r^a^] {ajt in eLeannx dun-te

the- tensile- [oad U U

Ne [<.nor,o -thrt: Arer.. reslstinX -ehenri: (o-+)rzr, u 
,

"' sheeriT stre46fh oF tha {rrked e.nd

= (D-*)t^e't1xc

Flualrn6 lhis to Loed P = C p-ai) xz\'rz



L--ve r 5

ALe.v'risa-me.c.horlt.oLJeVice'in1ha'bar Pivo?d o-bov'f o-

small e-FFortr or to trc

b^L
Arr4

Load W

eFbrf
AYnI

eFb-t P

W = Leqd tP be- 7'oA'ntu'J in N

P = Rulwrrad eftrf in N
| ' ,.O -ffitf a,1.n i n mtq
ll,-r o[ e-Frt- c

L'' ' of L-uud crtrtl in 
'')

consi donl1 
^1 

D ment a-bowY t+"u@ri)t@ 
0

Yrn, = o

P ^Lt = [n/ xL-

!! = +
P L9-

1I.o- ra'-ho oP Locd +r> I is c-JtaJ

p @ bd'van ltr..z- lPva(

and thz roF-a o[ (zlQ)tt afrn to lunl @rrq

t i) is c'oJLzd r'5 Ln%'
$eekarJcA adva'\t"1u



gg "F L*"o
i) 7uJcrum is byn^ tooJ on dthu

L1

t-r*d d r-P

lii) Loa-d is 6sSt^tee4 -tAe' f'lc'uq od Ql+DTf

LD,.L t)

dJ

f.Ff"r ?
I

e Hand 7utuP, 7zcke'r arrrl in

Mvontolu(p t) is

3rcti then Lz

7 c 
"?lj 

nu

+AL f-,lc'um aad Lnal

is /e-os tA.ori one- 02

tLron -tLQ- /-uoJ orn

{ Jn tAosa- Lzvers o't>'
Lovov of +AL bp'ulof

liii)€Ff-'t- is blpeen

1n. +Ae-ze /overs Pl ' h
e-?Fort- o{ra1 is srna)lat

%rpu'c_*

T/-Jz 't s not *.1 ia n^J)neenng
o-

+ (e'vuY

'qlf.,tY ?

VoaJ t'J



li( ) Le.vars 't n fD hi ch l-oad dr2n) an d ef f*f em
e rL 't A cJ)nzJ'

If thu aalu befueLrT lrr. .e- L-D^J arvlr an d

ebr(c'fqispfl^arllnan|tD'tL'z^t|ezu
leveusace'IL'aqtJW
1t t1..a a'ata Le;u:nzn-!J'&- 1-p^l oT'n

o-e& rt-- orn ig Q o"than lavet ts

CeJlr.A a/5 e)L eran k- levo{

Yo<J
w

Lr.
I-o^d

w

(V) One art lever C H and/Fo.,1 1a-ver)

--Ih e,e Lavots have.- "^V 
6.rQ- ar''1 ond

is eFfrz7 arrt)

- 1Ub LP.tol is tAP d t-- ^fPY e*7ernJ tEYTtL

gffotl

l^of



Loa4 Arnl

trFftrr h

ii )c-Jcu^l-al-ion 
of fJcnrrn re'a--tionQ=g)

- 1Ire.
or

FR ccs'

g = A,rryla bah^e'a-n fl* Ltna-s "f
0 or#'n ol \/V L?

Lp ii



'tii) F*lcrurq ?i n d irnen s ions

of (ever, tAe fulctunt
Lever and yna^ko if to

, t|ero "Lb rel"hva moEtorl

>tctt;eert #tu Pin and t1'e Lgver'

+ -TAe- ile,nr-rn ?Lh 'te Seie*FoA {p beannl

ptzssrsro an d d-ire,I !U*, stross

Ler d = d-ia rnetet of fr^J crum Pin in m'l

(f = sr*77aft'T L"Tth af &lc-tt P;n 
'i6 rnfi = Id tt' l'9 4

?b -- ?ermi ssi blo-

ttr,a bun\ ?rQ*luro- 
btl

W f -^-^ ^*C I a^m:f Jand- ilJ L-cos5 vf le{uf l>r:r-J p}4fi,Lry%";opb=+ LFII l-^6d'LP

c'f fuc*fl ?'n



iV ) p ) mensiot) oF b oss Df lever.

momenl , tho bass oF lovo-r

bon&nq gtross (Cr)
\

cli - J +2Y = d + e^3

o! dj Q F u.r*h is nol- ''';oJ )

fro bnneY s'tro;;s in the boss oF lu{ar is

2-

-di)
IL

.M
U

M = tNxLr: ?xL1

'Tho, onfe'r d)amQ*er of- tL& boeS

d- =2d



V) p) w)ension * levu Cross- Sou-bon

+ T}'u clms of a Lovor

bendivg rn orn e'nY' -fh

-o,nutY a*B oo tl'g

vY1ax. -Lze.OY is grivarr 3 Lt,-\)
Mmq,

vr\aqent-

- oz)

--> -T'L't<- bo-rd;1 6srvezTonJY t-o M.qx '
- 

>r.rlwte)nf i4

dt}f f; e'L set-tiol
+@

M-.,. ^h/o?. = M^ot'Y =J= --<-
Lr17^ nbht/rq

\, %b Lo 9'5b


