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Midterm #1 Solutions
Problem 1
Find shear stress due to Torsion

r=3m; t=30x10"%m; p=1000x10°Pa ; MPa=1x10° Pa

t
Tm=r+§=3.015m

T=10x10°*N-m

T
— = 5.84 x 10% Pa = 5.84 MPa

Tg. =
=T 2imer, 2ot

The stress due to pressure:

=T
Tgg = pT = 1005 MPa

pr
= — =50.25MPa

2t
a) Find the principal stresses
gy1 = ogg = 1005 MFPa

a7 = Ozz = 00.25 MPa

Oy = Ogz = 5.84 MFPa

-

{011 + 022) N ||(C"'11 — Oa23*
‘\| 2

o = . ) +(012)? = 10117 MPa
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Find the principal angle

. {2 5 } 2 - Ty9 2-(5.35 MPa) 6545
an| 2 - = = = 6.
B 011 — T2z 105 MPa — 525 MPa
|I Fyq — Fagy 2

Toae = |(“—) + (612)? = 25.8 MPa
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b) Check for yielding

TRESCA CRITERION: t=k= cy/2
o, =200 MPa ; k=100 MPa 2 T =25.8 MPa
Tmax < k, therefore the cylinder does not yield.
MISES CRITERION: Gequialent = Oy

11 . . . 5 . ,
Caguivalent = |§[":0'11 — G22)% + (G2 — 033) % + (033 — 743 )%] + 3(002 " + 23+ 031 7)

= 84.35 MPa

Oequivalent < Oy, therefore the cylinder does not yield.

c) Holein cylinder



The stress concentration factor and stresses on the hole can be calculated by using the principle
stresses, and a stress concentration calculation.
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Sy=0;; S;=ay
Oagg =35, — 5, =47 57 MPa
Oggg =35 —5, =25393 MPa

At point A:

TRESCA: TAE - T

MISES: 0<oy Therefore no yielding at point A

At point B:

TRESCA: 2408 5 2

-
. .

MISES: 0 >0, Therefore yielding at point B

Yielding does occur at the edge of the hole.




Problem 2

Load to yield steel:

Gyy = 1240 MPa

Psiees = 011 * A=1.24 x 10° N

Load to yield silver:

Triaxial stresses develop due to constraint.

O11 =P/A
O11 — Uagl0a2 + 033)
€114 = £
Ag
022~ Vgg(011 + 033)
€249 = B
Ag
O33 — Vag(011 + T27)
€33.45 —

Eag

Strains in Silver in 22 and 33 directions are controlled by the steel. In the 11 direction, the strains are
different.

For Steel, since there are no constraints, the only stress affecting it is the applied stress

_ TUstear ' P11
€22.5tasl — —E_':
taal
c _ TUsreat f11
33.5tesl — E
Lrael

€E22.5tesl — E22,4g
€33.5tesl — €33.4g

Thus,

—Vgrger* 011 022 —Vag(o1y + 033)

E_‘.'raa! EAQ



~Vgpeer " 011 U33 —Uag(011 +022)

E_‘-'ta gl EAQ
022= 033

Which then simplifies to

To find P use the MISES criterion and the known yield strength:

1 : , ,
Oyag = |§ [(511 — 022)% + (022 — 033) * + (733 — 031)°]

|' E . E
1 |' 011 - (U T Usteal " F A'i) 711 (UAg T Ustast " E5f91)
rdg = = - — — T
Oy.ag e |. 911 1—vg, 1—u, 11
1‘|
o =)
1 | Ugg = Ustast -
G}-.,A‘g — ? !2 011 1— EEEEE
V2 | 1 -y
‘\I
B Oy.dg _ 140 MPa _
011 = Bap V] ({] o7 03, 303 GPa) = 284.54 MPa
(LIAQ' — Ustgel * E 1) AT 200 GPa
1- stes : 1—-0367
1 _-UAQ' '

Pag = 011 * A =2.85 x 10° Newtons

The silver braze yields before the steel.
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Problem 3
P=800x10°Pa ; r=3m ; t=10x10"m
r/t >10, so the thin-wall approximation holds

a) From homework 1, we derived the following:

C"_r'rﬁﬂ
Pr

Tag =T= 240 MPa
Pr

Toz = E =120MPa

b) Tmax = radius of Mohr’s circle = R
For a pressurized cylinder, o,,, g, 0,, are your principal stresses, so

Tmax = (066 - o'rr)/z
Tmax = 120 MPa
Plot oge, 0., and o,, on another Mohr’s circle to find the stresses on the weld.

Again, since ogg and o, are max and min principal stresses, R = (0gg - 0,/)/2 = 120 MPa and the
center is at 240 —-120 =120 MPa

Ghs = 120 — 120 cos(40°) = 28.07 MPa
! =120 + 120 cos(40%) = 211.93 MPa
! =120 MPa

' = 120 5in(40°) = 77.13 MPa



c) Internal Pressure — a lot of people did not consider o,,.. Technically, you have to consider it,
because it tells you that the vessel yields at half the pressure you would calculate if you did
not consider it. However, some students came up to me during the exam and asked whether
they should consider it, and | told them no. Therefore, we did not take off points for anyone
who made that mistake. We will in the future, though.

TRESCA:

Tmax = Ty 1, =0, /2 =250 MPa

From above, Tnax = (099 - 0'rr)/z = (P I’)/(Z t)

Pp=2tt,/r
P,=1.67 MPa
MISES
|1 - 2 3 2 7 2
Taguivalant — Ty = |E [(("_5'.5'_ C"_zz}‘ + (Gzz - C"_r'r}‘ + (C"_r'r - ':"_SS}‘] + 3(0'_?'5' t+og"t C"_r'zt}

Oy = Org = Oy = Op; = 0

and Ogg =2 0y, = Pr/Zt

1 - - -
Osquiralent — -.1||E [(2 Ozz — c"_zz}‘ + (c"_zz}‘ + (_2 ‘:"_zz}‘]

1 n N1 N
Taguivalant — -\IIE [E"' ‘:"_zz‘] = -.JE[E" (Pi)‘]

PVZ: (4 o, 22)/(3r%)

P,=1.92 MPa



