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Tables 8.1, 9.4, 11.1 and 11.2 from Burr & Cheatham are attached.

1(a) Name 6 material constants that relate to an isotropib linear elastic material and
describe the types of deformations and formulae in which they are most suitably
used. How many constant values are required to specify all 62 4)

(b) Establish the compliance equations (strains as functions of stresses) for an
isotropic linear elastic material in 3 dimensions. Write the final result in matrix
form. Assume a Cartesian (x, y, z) coordinate system. Clearly state the
assumptions of plane stress, plane strain and generalised plane strain. Simplify the
compliance equations for the cases of plane stress and plane strain. (t)]

(c) Clearly state the assumptions of axial-symmetric deformations. Assume a
_cylindrical polar coordinate system (r, 8, z). Derive the following expressions for
* the radial strain, ,, and the tangential strain, €, in terms of the radial displacement
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What do these expressmns illustrate regarding the relationship between
displacementand strain in the ax1a1-symmetnc case? )]



3(a)

(b)

Water flows from an elevation of 500 m through a circular pipe that ends with
180° bend into the casing of a water turbine. The bend is shown in Figure 2.
Derive expressions for the meridian stress, om, and the tangential stress, o, in the
bend section at points (1), (2) and (3) , in terms of Ry, 1, t and pressure p. For the
dimensions given, estimate the required steel thickness for the bend under
conditions of static fluid pressure. The specific weight of water is 10 KN/m?® and
you may assume a factor of safety of 2.0 based on a tensile yield stress of 250

MPa. (20)
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Figure 2

‘Consider a compound thick-walled cylinder With open ends made of two layers,
‘with an internal radius m, an interface radius n and an external radius q. The

cylinder is subject to an internal pressure p;. Given that there is interface pressure

~ prbetween the layers, derive the following expressions for the maximum value of
- shear stress in the inner cylinder:
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‘and in the outer cylinder:

ouer Pfcl2 + pim’q’

, 'qu_nz (qz _mz)nz :

(10)

In designing a coihpqund cylinder, where both layers are made from the same
material, a maximum allowable shear stress of 7o is assumed. Also, based on a
fixed internal radius, m, it is desirable to minimise material, i.e., minimise the



external radius. It is found that this is achiéved when n® = mq. Substitute this
result, and the maximum allowable shear stress, into the result of (a) and derive
the following expressions for the radii q and n.

m
1-p, /21,

3 : (10)
n=n |- .
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4(a) Consider the shafts loaded as shown in Figure 4a. All four shafts are simply
supported at their ends. For each of the cases, sketch the shear force and bending
moment diagrams, and state whether or not they are statlcally determinate.
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Figure 4a

(b) The steel camshaft of Figure 4b for a fuel mjectlon pump has a. dlstance between
beanng centre$ of 266 mm, divided into seven equal spaces by the centre lines of
the six cams. The lift is 9.2 mm, the plunger diameter is 13 mm and the maximum
injection pressure is 55 MPa. Assume that the resulting force acts on only one
cam at a time. Ignoring the stiffening effect of the cams, determine the shaft
diameter required to limit the deflection at any cam to 0.25 mm. E = 207 GPa and
the second moment of area of a circular shaft is nd*/64, where d is the shaft
diameter. Determine the maximum stress in the shaft. (12)
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Figure 4b
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Determine an expression for the displacement of a gap in a split ring when the
ring is subjected to uniformly distributed pressure p. (16)

Assuming that the density of the ring is p write down an expression for the

- displacement of the gap when the ring is rotated at an angular speed . (4)

The pivof shown in Figure 6 has a rounded point with a radius of 0.5 mm. It rests
on a flat surface and supports a force P. Both surfaces are of hardened steel and
the allowable compressive stress at the point of contact is 2000 MPa. What is the

force P if it is due to a mass of 204 kg? What length is required for the pivot so

that the allowable compressive stress is not exceeded? Assume that the
acceleration due to gravity is 9.81 m/sgcz. (10)

Determine the maximum compressive stress at a location 2 mm above the contact
point in Figure 6 and comment on its value. (Hint: use Table 11.1). (10)
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Figure 6

A T section for a curved beam has the dimensions shown in Figure 7a. Show that
the neutral surface has a radius, r,, given by

L= bi(rj"ri)““bo(ro"rj)
" byn(r;/5)+b,In(, /1)

(©)



() - The C hook or “hairpin” hook shown in Figure 7b is used in rolling mills for

lifting and transporting large coils of wire and rods. The hook of a crane is put
into one of the notches of the top piece or “eye™. Its location is selected according
to the number and position of the coils, such that the hook tilts slightly
counterclockwise. With the dimensions shown and with a stress of 140 MPa and a
uniform distribution of coils along the 1 metre length, what would be the web

width b of a T cross section for a capacity of 2500 kg? Assume that the
acceleration due to gravity is 9.81 m/sec?. (14)
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TABLE 8.1.. Cylinders of Uniform Length—Loading, Boundary Conditions, Stresses and
Displacements. p = density, » = Poisson’s ratio, E = modulus of elasticity

Boundary .
Loading Conditions Stresses and Displacement
(1) Internal ) T :
pressure p; | G, =—py '2(9_‘_.‘,)' max 0, = =p; atr =a
atr=ga, ' b* =2\ 2 o ’ _
Gp = = . 2 2 2.2
: F b bt + g
) Oy = ~+1), maxo, = atr=
atr=p, ‘ p’b’ -3? (r’ ) ‘ p’b"'—az ree
o =0 | ' 2 ' 2
r_ g ; b
u=pE (1—vi+ (1 +v)—-].
Ebz -32 [ . 2
{2) External
pressure g,
. 52 a2
atr=0, G ==P 5% —g? (1",3) max o, ™ —pg atr=b
‘g,=0 . .
52 a2 2 -
atr=5 Oc = =P, 2 2 1+ ), maxg, =—p, 2 2 atr=s
8t —» A -3
G S =Py roB2 .. &
u-—p°5b2_2 [1-V}+(1+V);]
[}
{3) Thin
uniform disk. . : 2,2
Rotation .. o, = pew? ;' t (52 + 3% ~£b _ )
: , 2
atr=g, :
g, =0 rs'iaxa,.alpc..)z3-;"“7‘-3)2 atr=./3b
0; = pes’ ———3+V(bz +a? -l-«-—-"“'b2 ~1t3r ,z)
: ‘ 8 2 3t
atr=p, 2
o, =0 mxo,-&:- Ea +v)b? +(1-v).a"'] atr=3
S . 2,2
» r{3+vift=vifiz., 2, 1+va‘d? 1+v 2
“u'-pmz-E 8 (b +a +1-V ,-2 3+vf
{4) Solid, thin . v a4
uniform disk. +pw? 2L 52 =722
Rotation w G = =Po T pw" T3 ¢
and external
: atr=0,
pressure g, . u=0 l'naxa,.='t—,r:.,_+p¢.:23;'»"b2 atr=0
y3+v /2 _1+3v
% = —po + o 55 é EET
atrmp, e ) '
G, = =p, max o, =maxo, atr=0

UIE’ {t—=v} {—P0+L;2 [(3+v)b2-(1"+v,rz]}
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TABLE 9.4. Slopes and deflections of cantilever and s1mp1y supported beams (signs by
inspection)

Loading aqd Diagram

Cantilever Beams

Deﬂeption

t. End..momeptM_ . ] _Mx . =M’L2.
; 1,, El 2El
5y =ML e = ML
8 El 8~ 2E
g =Fx2L—x) , = F2BL—x)
2Bl 6E1
=EL2 EL
be =287 Ve = 3E
3. Uniform load ¢ :
7 ‘ F=aL o= Fx(3L2—3Lx+L) = PRBL —alx +x%)
| BEIL 24EIL
Vg
B | i - 3 o = -FL—2 v, =-F——L3-
L ‘ bs '8 T 6El &~ 8El
Simply Supported Beams %
4, End moment Mp. T _ Max(L? —x%)
- » 6EIL
-, 04 Mg :< 0z o Mgl
o A" BEI Mal?
- vel
A ” Venx = 00642 =7
B
' . Mgl
—— X 0s = 35T atx =0.578L
L |
5. Central force F F(L2 —4x?) , =EBLIx—4x%)
: 0=""76E 48EI
7\ v F 8 /(
04 4’-&% 85 (x<L/2) (x< L/2)
AT B
' X—= ,
L FL?
v ' 0a=0s =155 Verax = 58"5, atx=L/2




TABLE 9.4. (continued) -

P

Loading and Diagram

Slope

Deflection

Simply Supported Beams

6. Off-center force F

FoiL?—p?)
6EIL

< Fa(L? =%
% ==§EiL

=Fbx(L? —p% —x?)

v GEIL

(x<La)

= 0.0642Fp (L2 — p2)312
Ymex =R

atx =0.578/L% — b2

7. Uniform load ¢

F=gqlL

?\Ll . M q
64

A
x
' L

_q(L® —8Lx? +4x%)

8 2457
FL?
Oa =65 = 3757

=ExX{L =202 +x3)

v 24EIL

3
Vimax =35T§ELI atx =L/2 ‘
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TABLE 11.1. Concentrated and Distributed Surface Forces

Notation: Z-axis normal to surface, z = depth, 7 = radial distance as sketched, P = force applied, / =
length of contact line, P/I = force per unit length, o = normal stress, 7 = shear stress, s = resultant stress,
w = surface deflection, £ = modulus of elasticity, » = Poisson’s ratio, n = (1 — »2)/E

Limitations: Dimensionsofmebodymustquuchlargermanthelocaﬂyaﬂ’ecwdporﬁon;

L.oading : ' ‘
. Case Pictorial | Stresses and Deflections
} 1. Point P r
/ 3 Pcos?s
g=va2 +r 2 =2 £0080
T T away g
1-42p
W= Tat surface
2. Line
o= 2 (P/hcosd
T+
3. Knife .
edge or
pivot '
‘ {P/l} cos @
o, = T
rie+ 7 sin 2a)
-4, Uniform
distributed " . With»=0.3, at point O
. load p over
ircle of
A v o g
and Wie = Zil.TP)_E = 2npa
Tmax =0.33patz=0.6382
8. Rigid - P
cylinder ) . P
(E1>Ez) az‘:=0=—p=————-—._._
- ! - 2ra/a* =1
R ‘ .
-\ | ar . ‘ 2 p
: 2 w=1=2 )P 1P
) T 2528 2a
{2




~{o-—

TABLE 11.2. Contact between Two Elastic Bodies

Notation: a = major semiaxis of eilipse of contact (radius of circle of contact between spheres), b = minor semiaxis of
ellipse, also half-width of rectangle of contact between paraliel cylinders, where [ = length of contact; P = load, P/l =
load per unit length of parallel cylinders, po = maximum pressure on surface, o, = compressive stress, o; = tensile
stress, T = shear stress, 3 = approach of the bodies as a whole; E = modulus of elasticity, » = Poisson’s Ratio, and

1= 1—-vd

m=

and 7=
. . .- ‘
(For steel, 7 = 0.0303 X 10~¢ in*/lb or n= 4.40 X 10~% mm?*/N)

Loadingcase |  Pictorial -

' Arei, Pressurs, Approach
. ; Spheresor . =071 P . b -
 Sphere and Plane a=0.721 [P (ny + 12} D1D2/(Dy + Da11'" =¢/2
1 the surface Po = 1.5 P13 = 1.5 Doy = (0,
of the body Z Po ~ e
is concave {dash 1
lines), take D4 - max 7 =3 Po, at dcpth 0.638a
negative, if plane, ' »
take Dy = o0, max g, = (1 —2v) po/3, at radius & »
5 =1.04 [{n +12)2P2.(Dy. + Da)/D1 D4} »
2. Cylindrical ' - .
Surfaces with b= 1.13/{P/N} {ny +n2) R4R2/(ARy + Ra) =cl2
Parallel Axes .
If the surface Po ™ 2P/xbl = 1.273 Pag = — (0¢) mix
of body 2is : -
concave (dash itp=030 ! _
lines} taks Ry - :
negative, If max 7 = 0.304 pq, ;t depth 0.786 &
plane, take g =n2=1
Ry moo 5 Lo .
except for §. " 2 2R, 2R,
p | '6-0.638 (PIn [§‘+ln -5-4- In 3"
3. General Case . W
. o ' b=g 3Pny + 15 anda = b/x
At point of - A ‘ 4(8+A)
contact, Z-axis whers 8, x, and A ars obtained from Fig. 11.6 and
is the eomsi'non e b . , .
normal, Minimum y I I TS PSR I
"~ ‘and maximum E+A=7 [R, +RT YR, + A7
n?rtr‘::riul valuss 1 1 2 1 1712
of the radii of - —t e T PR
curvature are 5 A-Z{[Rz ' Tﬂ-] +[ﬁz ﬁ-{]
respectively A4

and R{ for body
1, Ry and A3 for

: _ v -
1 111 1

body 2. Angle . 0

o Lapd stx=y=z=t

conta :

s VR and Po = 1.5 Plxab = 1.5 porg = = (emex
2 is 4’. A o :

radius Is negative 6 = =20 pg —(1~ 20100 515

if the surface is - , : ' : R

;?:::.VB inits o fl—ZV po—(1=20)po 740

5=A1P2 (ny +n? (B +41)'°




