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7.1 The most severely stressed point in an engineering component occurs on a free surface,

(20 pts)

1

where the stresses are o, = 60, 0, = 0, and T,y = 30 MPa. What is the safety factor
against failure at this point if:

(a) The material is AISI 1020 steel (as rolled) and yielding is considered failure?

(b) The material is the ceramic silicon carbide (SiC) and fracture is considered failure?

Oy = 60, 0y=0, T, =30

)

(@) X,= 7 if ALST |020 steel, 0, =260 MAx
(b) Xu=7 i§ S(C ,0up= 307 MPec
(Tabls 3./10 amd 4.2)

Tx + Oy 0‘2-G-Z2 2
Oy, 02 = 2""1\/( 3 ) + Ty

4

Gy, 02 = 30 +42 43 = 7243, -1243 MFa
O3=0z=0 |

> G = MAX (10, =931,102 =031, 103 ~G;1)
Js= 84.35 MM |
X, =0 /Fs = 260/84.85 = 3.00 <

(b) Ty = MAX (191,102, 1031) = 72.43 MPa
X, =0u /0y = 307/72.43 =4.24 |



7.9 Consider a solid circular shaft subjected to bending and torsion so that the state of stress
of interest involves only a normal stress o, and a shear stress t,,, with all other stress
components being zero. (See Figure P7.9.)

(a) Determine the safety factor against yielding as a function of the yield strength of the
ductile material and the applied stresses.

(b) Use the results of (a) to develop a design equation for the shaft giving diameter d as a
function of yield strength, safety factor, bending moment M, and torque T.

, .
\\
| [G—» -
) ) T
2/ ’ txy
Figure P7.9
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(7.9, p.2) Secomd solution:

M 32M r=radius
e O_=—-—r= =0 d= diam,
q‘—xy ’);y::;-_‘izlqrdg:j'

2 Z
H E\/{z;!—o;)z.\.(o;- 2) +(02-03) +é(’7;,1+’7;;+7;x2)

o
___\__ 2 2 2 = =2
Cr“’v*zsz+crx‘+é’% = /o +3T" 7%

el
(cZ+37° ” <
o =X /c?+3T7 = X (52—”—;‘)24—3(';23

_32X 2 2X
%= s VM '*’ T 6? \/M7-+3T§)



12.1

(20 pts)

The monotonic stress-strain curve of RQC-100 steel under uniaxial stress can be approxi-
mated by an elastic, linear-hardening relationship. Two points on this curve are given in
Table P12.1, with the first point corresponding to the beginning of yielding. Plot the curve
and write its equation in the form of Eq. 12.4, with numerical values substituted for all
constants.

121 Mpmotomic C-€ cukrve, [FRC~/00 steel
o (738,2.50 X10°)
o SE
= (703,352 x6* Fimd £, 0y, d fFor:
. E o=E¢ (& T3)
o= (1-8)6;, +SEE
o 3 (C=3Ta)
_G.__703 MPa_ 99,700
0;:7703 MP& ) E= &97_3:52)(10_3 /MPCL
sE=g-G_ (738=703)MPa____ .29 MR
€-€ 25X06=-352X0° <
S =0.00%/6

= 0.99/84(703) + /629€ = 6771/627& <
(MPo, T=T5)



8.1 Look ahead to Fig. 8.31, and:
(a) Obtain approximate values of fracture toughness K. for AISI 4340 steel heat treated

to yield strengths of 800 and 1600 MPa.
(b) For each of these yield strengths, calculate the transition crack length a,, and comment

on the significance of the values obtained.

(20 pts)

81 AISI 4340 steel (F/';L, B.31), 0, = 800
and 600 M Pa..

Z
@ =7 1) a= (1)

[

5, MPe. hy., MPaimm O, mm

FO0 /85 /7.0
/600 #0 0,20

The much smaller a, for +he h/gher Uo
indicates o greafer sewsitivity fo
Flaws, so thal briTlle fracture would be
a=n imporfant desigs comsrderation,




‘8.3 For each metal in Table 8.1:
(a) Calculate the transition crack length a,.
{b) Plot these as data points on a logarithmic scale, versus yield strength o, on a linear
scale, using different symbols for steels, aluminum alloys, and titanium alloys.
(¢) Comment on the values obtained and on any trends with yield strength.

8.3 For each -metal jm Table 8.1, calculate
a, and plot on log sca le us. Op.

[ Ko _L(éé MPa\/’/?)Z
=75 )~ T\ 520 MPa

a,= +.75 X107%m = #.75 mom
(for AISI (144 steel ) others $/'m4/’/ar/y)

ch Go a; ch Co ai
MPam®® MPa __mm MPa m°_‘5 MPa mm
(a) Steels (b) Aluminum Alioys

66 540 4.75 24 415 1.06

60 620 2.98 34 325 348

187 760 19.27 ‘ 36 350 3.37

110 1080 3.24 29 505 1.05

- 423 1310 2.81 52 435 455
176 1290 5.93 (c) Titanium Alloy

152 1070 642 66 925 1.62

65 1740 044
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