ME3540
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8.5 A center-cracked plate of AISI 1144 steel has dimensions, as defined in Fig. 8.12(a), of

b = 40 mm and ¢ = 15 mm. For a safety factor of three against brittle fracture, what is
the maximum permissible load on the plate if the crack half-length a is (a) 10 mm, and (b)
24 mm?
(20 pts)
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8.13

(20 pts)

A cylindrical pressure vessel has an inner diameter of 150 mm and a wall thickness of
5 mm, and it contains a pressure of 20 MPa. The safety factor against yielding must be at
least X, = 2. Also, a leak-before-break criterion must be met with a safety factor of at least

X, = 9 on crack length; that is, the critical crack length c. must be at least X,t, where ¢ is
the thickness.

(a) Is the vessel safe if it is made from 300-M steel (300°C temper)?
(b) From ASTM AS517-F steel?

(¢) What minimum fracture toughness is required for the material in this application?
(d) What safety factor on X relative to K. is accomplished by the X, = 9 requirement?

8.13 Cylimdrical pressure vessel
d,=/50, t=5mm, P=20MFa, X, =2
Leak-before-breaR, Xq =9 i€, Cc=Xat

@) Safe if 300-M steel (200°C) ?

Ry = 65 MPaym, T, =770 MFe (Table 3.))
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(b) Satfe i€ AS|7-F steel 7
Kic = 187 MPaymi, C»= 760 MFa (Table 3.1)
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(3.13, p.2)
(C) Whaf Vi /Viacakitesdl /f_rc /—-egu/‘red?
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(d) What Xe=K~r/K achreved ?
Rr. =0 /T Xat (€Fro~m above)
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11.1 Estimate the constants C and m for the straight line portion of the data in Figure 11.3

(20 pts)
1M1 Estiomate C and m for s#razy/af /rme
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11.22 A bending member has a rectangular cross section of dimensions, as defined in Fig.
8.13, of depth b=60 and thickness t=12 mm. It is made of the AISI 4340 steel of Table
11.2 and is subjected to a cyclic moment between M, ;,,=0.8 and M,,,,=4.0 kNem. Failure
occurred after 60,000 cycles of this loading by brittle fracture from a through-thickness
edge crack extending 14 mm in the depth direction. Estimate the initial crack length
present at the beginning of the cyclic loading.

max

(20 pts)
11.22 Bemding mewmber, ALST 4340 steel
b= 0, t=12 mm , Mpin= 03, Mpnax =40

Ni{:— 60, 000 cycles, ag= |4 2m kRN*m
Q= ¢ s c=51x0"
a{\—fm/z_ 1= e 324 y=042
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R= M,m;.,,/Mm‘ax: 0.20 , M= ",

AS =681 _ 6(‘\-.0—2.8))(\000 N-m _ 444 MPa
b>+ (60 mm)Z (O.0V2Z m)

a;/b= 025 < 04,50 Fm 12 (Fs. €.13)

Substitute ag=0.014 m, amd solve for a;
a; = 0.000475m = 0,415 mmom <






