192_ | For “/‘j,_/O.Z ) pvalyate /?_{__' a g /?jc,

F[g, Al Z(C) applies d =76z, P=025 mm
do = 742+ 2(1,59) = 10,8 mm

b2 _ g o ' N {Just otf
d, ~ 42, a, - O'OBZQJk)?f =3 | the graph)

X= 051 mm, R = [+ Py .61 <
i?_& aglees, but fi’,_g df'QF-F ers from the 2,2
value, T he /ﬁ'jc agu@’?"/‘czws are ronte-nded
FoF re/af/‘ye/y s )d MOfC/fe_S/ bt this P
imdicates a quite sharp motch, ._ <

Altermete Solution; Use Neuber ecquatiom,
log B=-9.402x1077c> +1.422x10™° 62 —8.249%10 5, +1.451

B, mm=10"8P  (T-seriesAl)

2024-T4 Al (Table 4.2)

G,, MPa p, mm ke log B B, mm k¢
476 0.25 3.10 -0.2676 0.540 1.85 ' <4

This f’\’{ is still mot (m ag ee amemt Louith
the experimenteal 2,2. The Comiments
above apply here also, , K|
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103 For Fig. 10.11, evaluate R, and k. , amd
estimate motch stremgth at Ng= 10° cye,
f_fg All(b) appheS" w,= 254, P 2,54 mm
W= We-2p = 20 .32 mam

%%
W= h25, g 025, k= >

loga.=2.654x107 62 —1.309x10 735, +0.01103

o, mm =1018%  (345< 5, <2070MPa)

P
ST  valp

AIS| 4340 steel (Fig. 10.11) -

6, MPa p, mm ki log o o, mm ks
786 2.54 2.40 -0.8539 0.140 233 ., 4

At Ne = [0 smopth specimemn Curye
gives Og = 390 MPa, Estiomate for notch
case s Sg, = 0; //Q_F 167 MPea [ wohich is
close +o Sax 175 MPa £rom mu'!'ch curve, 4

Altermate Solutioar: Use Neuber equation.
logB=-1.079x10"c; +2.740x10™%cZ% —3.740x10 5, +0.6404

1
B, mm =101°2P (3455 0, S1725MPa)
1+./B/p
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kf =1+



(10.3, p. 2)

AlS| 4340 steel (Fig. 10.11)

o, MPa p, mm Kq log B B, mm & ,
- 786 254 240 -1.1304 7.406E-02 2.20 ' 4

At Ny =104, 0% = 290 MPa (smosth spec)
Sa=0u/ R =171 MPa ) rery close to S
1715 MPa £rom neotch curve, 4
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104 ATST 4130 steel ,0y =817 MPa. Fig,q.2¢
Lfor G . Doub].e.~edge—mc)1‘ch plate | load F, as
Fig. A1 (B), W, = 2310, W, = 5715, {? .06, t=
5.0 mm, (a)/z ,Re=7, (b) B=7,10%cyec, Xs=2.5,

@) WwWiw,=15, p/w=0.212 ,R, =213 <4
logo. = 2.654%107 62 —1.309x10 5, +0.01103

o, mm =10°8%  (345<0, <2070MPa)

P nt
=1+
f I+o/p
oy, MPa  p, mm ki loga o, mm ks
817 8.06 213 -0.8813 0.1314 2112 4

(b)
0,=050, (Fig.9.24)

S,=0,/ky

Pa
=— P, =S _ wt
Sa Wlt, a aWl

P,=P,/Xg

c., MPa S, MPa w,, mm t, mm P., kN Xs P, kN
408.5 1934  38.10 500 . 36.85 2.50 14.74 <4
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(10.4, p. 2)

Al\termate Solutiom; Proceed as above
except use Ry froam Neuber, Egs, 10.10
and [0,]].

o,, MPa p, mm ks log B B, mm Ks
817 8.06 213  -1.1747 0.0669  2.036 "

O, MPa  S;, MPa  w;, mm  t mm P., kKN Xs f’a,kN
408.5 200.7 38.10 5.00 38.23 2.50 15.29 4
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10.5 Shaft wth diameter sTep im bemding,

F‘f‘g Aslz (b)n d:.:SO) dz: 55, -F: 1-3 m-n1 . G_L(
= 1100 MPa, Te fromm Fig. 424, ®§ T steel.
(&) Ry, kRe=7 (BYMa=7,10¢cycles, Xs=1.8.

@d;/d,= I.l, p/d,=0,026, R_= 2|

4

logoi=2.654x1077 62 ~1.309x10 g, +0.01103

o, mm =10'8%  (345<0, <2070MPa)

ikl
S  1valp

oy, MPa p, mm ke log o o, mm

ke

1100 1.30 2.10 -1.1077 0.0780

6, =050, (Fig.9.24)

Sa-=0'e/kf

2M, S, nd;
: )

‘ ndf’

M,=M,/Xg

c., MPa S, MPa d, mm M, N-m Xs

550 269.9 50.00 3312 1.80

2.038 |
A;[a, N-m
1840 . 4
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(to.5, p.2)

Alt+ermate Solutiom | Proceed as above except
use ke from Neuber, Egs [0.10 amd 1011,

6, MPa  p, mm k: log B B, mm ke
1100 1.30 210 - -1.5943 0.0254 1.965 |

G., MPa S, MPa d,,mm M, N-m Xs _]\:{a’ N-m
550  279.9  50.00 3435  1.80 1908 4
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109 2024 T4 Al im bemqu) Fig.a.27,

USG ‘\’eMSIIe dota from Table 4.2 to estimate
Su at 107 cycles (Sam=0) for me motch
avd P= 159 amd 0,25 mm, Tu= 476 MPa

For mo motch and bewnd img, Fig. 9.25 gives
’ = 130 MPa at Ne=S5SXI03cycles. Use this
as a comservative estimate for Ne=10". 4

For +the motches im Frg,9.27:

d.,-752mmwn) d, =d, +2059) = [0.30 mm
do/d, = 1142, Them determniime R, and h{
for +he +wo cases, Use l-_/’g. A.l2(c) for i‘?.&.
R, — |

Re=l+ =2 — | ol=051 mom
£ |+t/p ’
' _ Cale. Data -
P, mm /4, R, Re  Sa,MPa S, M
| <

Oz _ 130 MPa
Re Re

5CL =

The calculated Sa agree omly roughly with
the Fig, d.2¢ data, beimg lower for the

blumt meotch, but higher for +he shajpp ome,
For mo motc h G a2 140 MPa from Fig, .27 <
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(‘O;q) P' Z)

Altermate Soluliom: Proceed as above
Q'}CCerO't use R-F £rom Neu.berj Eq_s. [O.10O
amd (011, -

Stresses in MPa

s, pmm k  logp B.mm k o, CalcS, Data$,
4760 159 160 02676 0540 138 130  94.3 110
4760 025 310 -02676 0540 185 130 703 60

<4

Calculated amd data values of Sq are
agaion omly im vough agree -memt, but
+he alr;flfe,remces are less +hamn be fare |
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1010 Cipcular rod im bemdimg, with Aiarm—

eter step, Fig. AZ(b). d,=16, d, = 20, p= 1.2
o, ALST 4142 (450HB) steel, comstamnts
im Table 9.1, Fillet radius groumd. [___S'Hwafe

Ma for [0%cycles,
d,/d, = .25, p/d, = 0075, k. =18

logar = 2.654x1077 62 —1.309x10 >, +0.01103

o, mm =108  (345<c, <2070MPa)

=1+
f l+a/p
6, MPa  p, mm ki log o o, mm ks

1757 1.20 1.80 -1.4696  0.0339 1.778

Calcula'l‘e Ca at H)c cycléj. -(l}'-ofww Table Cl.l
comstamnts, Use d, with Fig, 10.9 +o get md,
amd 450 HZ with Fig. 1010 +o 9:—3": Ms for
groumd fimish. Combime these with Ry o
ge't Ser, and Froom +his Ma. Assume a
safety factor Xs=15is adequate , woh/ch
gives Mo allowed i service, Details are
om the neyt page,
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(10,10, p.2)

6, =0r(2Ns)?,  N;=10°cycles

Ogr My MsOq

T T gy

32M, Y- S, Td;

Ser = ndf’ » Mg 37

M,=M,I/Xg

o'y b o, at 10° My mg Ser
MPa MPa MPa
1937 -0.0762 641.2 0.95 0.79 2706

mm N-m N-m
16.00 108.8 1.50 72.6 | 4
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10.14

S—N doata for ALST steel, Fig.l0.1],

- motched member with half-circular
cutouts ) W2= 25.%, P=2.5%, t=6.35 mm
W, = Wo—2f = 20,32 mm

I

(&> Obtaim equation for S—N curve,
Ne = 10% +o 10€ cycies, For straig ht
lime am sefwu‘/oj plot, use |
S =C + Dlog Ng MPa
Tewo poim ts are; |
(5o, Ng) = (700,10%) , (230, 10%)

2 ——
700 = C +Dlog /0% = C +2D } R
230 = C + Dlog (0T = C+5D
470' = —3D, D=— /567 MPag
C=700—-2D = ]0OI3 | |
Se= 1013 —5€.7 log Ny MPa <
(b)Y Ng=7 for Fa=32, FPm= 25KN
Sz@E't Net area as im Fig, All(b)
)

¥ 22,000 N
S = —2— =

Wt - (20.32)(6:35) mm? =248 MPa

S, = Pw _ 25 000
™ T Wt - (20,22)(6.35)

= 193,75 MPa
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(f‘O.M-)‘p.Z)
Materia)l s ductile, ZRA=6%.
Sa..k_: Sa

| — 5””/03

__248MPa_ _ 354, mMP
>ar \_ 19375 MPa ' *

7%6 MPa

Simce Fig 10| data are $or S,M:o (R:-l))
imterpret Sa im (@) as Sap,

Sar = 1013 =1567 logNg = 329.1 MPx |
log Ng=4364, Ng=23, 140 cycles <

, Ty =786 MPx (Fig,i0]l)

Altermate Solutioam: Use SWT equation,
Sa,,_:\/s,,,,,,qz1¢ Sa. =/(24<3+ 193.75)(248)
= 33.0 MPa
56”- 1013-15¢.7 log Ne = 3310
Og N\C 4.352, N—F = 22,500 c_ydes | <

Comment: T he Close agree'memi" of
+he two solutioms is fortuitous.

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
and the needs of other instructors who rely on these materials.



1015 Fo motched ATST 4340 steel S—N curve
in Fig, 1001, £imd Smaxy at R=0 for Ng=(0%
cycles by (a) Goodmamn (ductile), (b) SWT.

(@) At NFT—‘!Db: curve gives Sgp= 230 MPa

S | |
Sar = N —om/oy | xS = Somay /2

.230 MFe = Srmax /2 , T = 78¢ M=
| l - quy/(zo-u) '

Sy = 25¢ MPa | 4
(D) Sar=/Smax Sa |

230 MPa = \/Sma-x(qu,[ /2)

smay = 325 MPa 4
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10.16 For S=Ncurve for 2024-T4 AL, £ =

.59 mm, of Fig, 9.27, what May, with My=
75/\/’}94 gives Ng = Oscycles7

Su=476 MPa (Table4.2)
Froom S—N curve, Sa =225 MPe

S, = 32Ma _ 32 (7500 N-mm) _
T omdE T W (EZ )3

Sar= /Smay S0 =/ Em + Sa) Sa

225 MPa = \[(5m+1727) 17277

S = 120.5 MPa - | |
M= Td3S,, /22 =T (7.42)3(120;5)/3_2
M= 5236 Nemm = 5.23¢ N-m 4
Alrermate Solutiom ! Use Goodman (ductile)

Sq_ ‘ o l72'7
= 225 MP; = ,
S * = =35, Ja7%

Mo, = T (2,62)3010.7) /32 = 4810 Nomom
| Mfm = 4910 Nm | <4

(72,7 MFPx
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=

1017 2024-T4 AL, 1:5 A.ll(a) geo/nqe‘l'l—y

w=50, d=/0, ¢ = ZOfm’rn pP=d/2=5
m-m
=20 <for /\) =)0 amd P,= 80 RN

d
WOZ/"

{:215

X = O,S’Iqmq-v,) /?oc:]_"&:"L:E'BG
| - | +%%

0= 303,03, =476, A=839 MPa, B=-0,102
OZU..'-‘-A(N{,)B: L2, ] MPa (Taple CI.I)l

= . 20,000 N
Sem = = L ‘ = |00 M
ar | — Sm/Tu - R‘f‘

_ Tar [|_ Sam) . 162 100\ _,
ZaT Ry (‘ oa)" 2.3¢ (\ +7e) Shee M

_ R
= (W-d )t >

2, =(54.26 M) (560—10)(20) mm® =43,400 :\‘1

Goodmiaa (d uc‘h'la)

'PQ = SQ(W_d)-t

Cb) Sar \/Sfma.y Sa = ar'/ R-]:

JU00 + 382) 5e = 162.1/2.23¢ | s, = 324.94 MPa
(Solve gquadratic equation; hRe. + poot)

B = Salw=-adt = 27,470 N <
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N
o
—

1018 Fig, lOanofched XS)XN ’ for
N =2000¢cycles, 5, =220, §,.= /40 MA
%

r: S ~ 269 MPe (Gopdman)

Ou

from graph,
N =45 xIo* Sar

=183 4

(2000, 268)
No’rdn data N

N
Alrermote Solutiom: Use SWT |
Sar** \/Sfqu \/( ""/S\cx) 5. =29 MPa

| Readinﬁg Lrom graph at ?qr: 291 MFPa

gives Ny=40XI10%
X = Sar — 490
57 Car - 231

Ne _ 40xiot _ 0
AN J =~ zoco =0

= .74

490 Read Sar amd N¢.
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10.20 ASTM A5 {4 steel pla'l': with a width
reduction, Fig, Al(c). Ng=10%cycles reg'd. |
at Bi=16, Pn, =9 RN. W= 20, wp=24  +=]0
p=0.5 mm, motch ground fimish. Fimd

(@) Ks, (b) mew p for Xs=18.

Wao/w, =120, P/W,=0.025, R =29

logow=2.654x1077 62 ~1.309x10 5, +0.01103

o, mm=10"8%  (345<c, <2070MPa)

kr=1+ k1
ST 1 valp
G., MPa p, mm ki log o o, mm ke
807 0.5 2.80 -0.8725  0.1341 2.419
Sep= 28 _ MOu gy = Q0T MR (Thl 42)
Re Re¢

| ’VV\V': Tre g ms 5y Me =05 ([:1.9: 9. 2‘;-)
mg=0.95  (Fig 0.9 with w,)
ms =09  (Frg. 10,10 with gy = 117 Rs/)
. .5 X 0. 9 (307 MFa) '
Ser =2 xozqi;ocm %) - 42,6 MPa

o _ _16,000N - 90 MP=x
Wt 20 10) mm?

_ Bm _ Qooo  _ |
MT Wt T 20010) =45 Mbea.

N

)
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(10.20,p,2)
% =/ Sonar B =75 +%0)30 = /00 MPg

X__S = .Ser/g;r = I‘I'Z,G/IOO = .43 4

(b) Apply the followimg procedure ;
Pick p, obtaim R, calculate R, Sep, Xs.
Tep = Me Mg Ms O = 3450 Is useful

Wol/W, o, mm Cer, MPa §'ar , MPa

1.200 0.1341 345.0 100.0

p, mm piw, ki ks Ser, MPa Xs
0.50 0.0250 2.80 2.419 1426 1.43
1.00 0.0500 2.25 2.102 164.1 1.64
2.00 0.1000 1.90 - 1.843 187.1 1.87

Use = 2,0 mm , Xg= 187 e
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10.21

For Ex. 10.4 data on notched plates of 2024-T3 Al at various S ,,,: (a)
Calculate and plot S, vs. N for the Goodman equation (k4, = 1), and
include the fitted line for S, = 0. (b, ¢) Repeat for equations of SWT

and Goodman with varying & 4,.
S, = % (Goodman, k 4, =1)
ar =1°8, /o, W K fin =
S = +/SmaxSa (SWT)
S, = %a (Goodman, k 4, varies)
T "1k S /O, >
kﬁnzkf (kamax<0'0)
o, — kS .
K =—— 128 (k fSmax > o)
m
kﬁn =0 (kaa>oo)
p. MM _ kt Oy Iog B B= mm kf

8.06 2.15 503 -0.2970 0.505 1.92

For (c), calculate £, from Egs. 10.10 and 10.11 as above. Numerical

values of the various S, and plots are on pages that follow. Goodman

with & ;, = 1 gives a poor correlation, being overly conservative at short
lives, and tending to be nonconservative at long lives. SWT correlates

the data somewhat better. Goodman with varying k£, gives the best
correlation of the three, but not as good as Walker in Ex. 10.4. |
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(10,21, p. 2)

A B G, o, k¢ _ All o, Sin MPa
976 -0.1750 372 503 1.92
Goodman SWT Goodman
Kin = 1 : K¢y, varies
Smax Sm N;, cycles S, - Sar S. Kem S,
241 0 3,500 241 2410 2410 0.00 241.0
207 0 6,500 207 207.0 207.0 0.00 207.0
172 0 17,400 172 172.0 172.0 1.92 172.0
138 0 70,000 138 138.0 138.0 1.82 138.0
103 0 754,000 103 103.0 103.0 1.92 103.0
103 0 210,000 103 103.00 103.0 1.92 103.0
303 69 3,000 234 271.2 266.3 0.00 234.0
- 276 69 6,500 207 239.9 239.0 0.00 207.0

241 69 14,900 172 199.3 2036 061 187.6
207 69 35,000 138 1689 169.0 1.56 1753
207 69 43,400 138 1589 169.0 1556 1753
172 69 124,200 103 1194 1331 1.82 1398
152 69 168,700 83 96.2 112.3 192 1127
145 69 507,400 76 88.1 105.0 1.92  103.2
362 138 3,100 224 308.7 2848 000 2240
338 138 9,300 200 2756 2600 0.00 2000
338 138 6,000 200 2756 2600 000 200.0
310 138 21,800 172 237.0 2309 030 1876
276 138 48,300 138 1902 1952 078 1753
241 138 82,200 103 1419 1576 126  157.6
214 138 128,500 76 104.7 127.5 164  138.1
214 138 218,700 76 104.7 127.5 1.64  138.1
414 207 4,500 207 351.8 2927 000 2070
372 207 9,600 165 2804 2477 027 1854
345 207 25,700 138 2345 2182 052 1753
310 207 63,500 103 175.0 1787 084 1576
293 207 152,900 86 1461 158.7 1.00 1461
276 207 315,500 69 117.3  138.0 116 131.7

Sn=0 1,000 2914 2914 291.4
Fit 1,000,000 87.0 87.0 87.0
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10.22

'_For given fatigue data on notched plates of 7075-T6 Al at various S ,,:
(2) Calculate and plot S, vs. N, for the Goodman equation, and

include the fitted line for S, = 0. (b) Repeat for equation of SWT.

§ —— Sa Goodm
a=1-5 To, (Goodman )
Sar = SmaxSa (SWT)

Numerical values of the various S, and plots are on pages that

follow. Goodman gives a poor correlation, being somewhat

conservative at short lives, and grossly nonconservative at long lives.
SWT correlates the data very well. | 4
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A B Oy All ¢, S in MPa
676  -0.1822 572

Goodman SWT

Smax Sh N;, cycles S, S, Sa
276 0 136 276.0 276.0 276.0
224 0 329 224.0 224.0 224.0
207 0 917 207.0 207.0 207.0
172 0 2,228 172.0 172.0 172.0
138 0 5,300 138.0 138.0 138.0
112 0 17,800 112.0 112.0 112.0
103 0 30,000 103.0 103.0 103.0
86.2 0 70,000 86.2 862  86.2
69 -0 274,000 - 6%9.0 69.0 69.0
63.8 0 339,200 63.8 63.8 63.8
58.6 0 969,200 58.6 58.6 58.6
276 69 374 207.0 2354 239.0
241 69 955 172.0 195.6 203.6
207 69 2,000 138.0 156.9 169.0
172 69 6,823  103.0 117.1 133.1
155 69 13,000 86.0 97.8 115.5
138 69 32,000 69.0 785 97.6
121 69 48,500 52.0 59.1 79.3
379 138 169 241.0 317.6 302.2
345 - 138 309 207.0 272.8 267.2
310 138 756 172.0 226.7 230.9
241 138 2,500 103.0 135.8 1576
224 138 5,500 86.0 113.3 138.8

207 138 10,500 69.0 90.9 119.5
190 138 16,800 52.0 68.5 994
172 138 179,000 34.0 44.8 76.5
155 138 566,500 17.0 22.4 51.3
293 207 4,000 86.0 134.8 158.7
276 207 7,800 69.0 - 108.1 138.0
276 207 10,000 69.0 108.1 138.0
259 207 15,000 52.0 81.5 116.1
__ A 207 32,700 34.0 53.3 90.5
Sm =0 100 | ' 292.1 292.1
Fit 1,000,000 54.5 54.5
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10.23

For the given fatigue data on notched plates of 7075-T6 Al at various
S ., fit a stress-life curve of the form of Eq. 10.31, with S ,, given by the -

Walker relationship, Eq. 10.29. A multiple linear regression is needed.

| 1-RY I 1—R'711UB
o -su 2wy Jsnd 52

1 84 1-R 1
log N ¢ =~ElogSmaX + Elog 5 —ElogA

y = m x3 + m X + c

Numerical values for fitting are given on the next page. The result of the
fit is given below, and a plot of S, vs. life showing data and fit follows.

m1 : m2 Cc
-5.0091 -2.3996 14.5392

A, MPa B .
799.1  -0.1996  0.4791

_ 0.1996 | 1—R 0.4791 -
Sar =T99AN7°, Sg = Spnax TJ MPa |

Plotting S ,, calculated from the fitted ¥ provides an excellent
correlatlon of the data. -4
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A__ B Y (10.23,p. 2)
799.1 -0.1996 0.4791

Stresses in MPé . y X4 X,
Sax S, Nj cycles R log N log Spax log[(1-R)2]  Sa

276 0 136 -1.0000 2134  2.441 0.0000 276.0
224 0 329 -1.0000 2517 2.350 0.0000 224.0
207 0 917 -1.0000 2962 2316  0.0000 207.0
172 0 2,228 -1.0000 3.348 2.236 0.0000 172.0
138 0 5,300 -1.0000 3.724  2.140 0.0000 138.0
112 0 17,800 -1.0000 4250 2.049 0.0000 112.0
103 0 30,000 -1.0000 4477 2.013 0.0000 103.0
- 86.2 0 70,000 -1.0000 4.845 1.936 0.0000 86.2
69.0 0 274,000 -1.0000 5438 1.839 0.0000 69.0
63.8 0 339,200 -1.0000 5530 1.805 0.0000 63.8
58.6 0 969,200 -1.0000 5986 1.768 0.0000 58.6
276 69 374 -0.5000 2573 2441 = -0.1249 2405
241 69 955 -0.4274 2980  2.382 -0.1465  205.0
207 69 2,000 -0.3333 3.301 2316 @ -0.1761 170.5

172 69 6,823 -0.1977 3.834 2236 -0.2227 134.5
155 69 13,000 -0.1097 4.114 2190 -0.2558 116.9
138 69 32,000 0.0000 4.505 2.140 -0.3010 99.0
121 69 48,500 0.1405 4686  2.083 -0.3668 80.7
379 138 169 -0.2718 2228  2.579 -0.1966  305.1
345 138 309 -0.2000 2490  2.538 -0.2218 2701
310 138 756 -0.1097 2.879  2.491 -0.2558  233.8
241 138 2,500 0.1452 3.398 2.382 -0.3692 160.4
224 138 5500 02321 3740 2350 -0.4157 141.6
207 138 10,600 0.3333 4.021 2316 -0.4771 1223
190 138 16,800 0.4526 4.225 2279 -0.5628 102.1
172 138 179,000 0.6047 5.263 2236 -0.7040 79.1
155 138 566,500 0.7806 5753 2.190 -0.9599 53.8
293 207 4,000 04130 3.602 2.467 -0.5324 162.9
276 207 7,800 05000 3.892 2.441 -0.6021 142.1
- 276 207 10,000 05000 4.000 2441 -0.6021 142.1
259 207 15,000 0.5985 4.176 2.413 -0.6973 120.0
241 207 32,700 0.7178 4.515 2.382 -0.8505 94.3
Fit 100 ' ' 318.7
1,000,000 ' 50.7
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10.24 | Givean three Omcn™ R-—N.f, date ﬁa!’fw'hs,
) A, B :
fimd A, B, ¥ for -R )’5

Tar = A N{B = Oomax ("§" MFPa

A bove ap/ﬂh'ed to each data poimt gives =2
equatioms; solve for A, B, ¥.

A 169,000\ =172 1Y = 172
A(351,000)% = 372 (0.3)"

12, /00 \P _ 345 _ log (345/172)
— | — . 2=
(\, ‘65:000) 172 " oG (13,100/1,169,00)

A= 2 = |49 ' | <
A N 1499 M Pc
| 50

\469 (251,000)” "

45 v
109 M99 — 0.1550 l0g 351,000 = § log 0.3

= 272 (0.2)¢
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10.25

For the given fatigue data on unnotched specimens of 2024-T3 Al at

various R, fit a power-law stress-life curve, with 6, given by the Walker
relationship, Eq. 9.19. A multiple linear regression is needed.

' 1/B
_ B 1-RY [ 1-RY 1—|
R 0 B P L P
| i vy (1-RY} 1.

log N £ =—§10g(5n.1&.X + Elog 5 -—ElogA

N LI | | |

y = m x + m2 X2 + C

Numerical values for fitting are given on the next page. The result of the
fit is given below, and a plot of 0, vs. life showing data and fit follows.

my m, c
-5.4218 -2.8755 17.9387

m
B=—, 1y=Bmy=—2, A=10"F=107¢/m

my

A B Y
2035 -0.1844  0.5304

0.1844 1-R V>
Oy =2035N » sy Og = G’max[m) MPa

5 <

Plotting G, calculated from the fitted y provides an excellent correlation
of the data.

)
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A B ¥
2035 -0.1844 0.5304

Stresses in MPa y X4 X

Ormax R N;, cycles  log N l0og Omax  log [(1-R)/2] G

469 0.6 252,000 5.401 2.671 -0.6990 199.7
459 0.6 520,000 5.716 2.662 -0.6990 195.5
448 0.4 85,000 4929 2.651 -0.5229 236.6
414 0.4 144,000 5.158 2617 -0.5229 218.6
372 04 351,000 5.545 2.571 -0.5229 196.4
345 0.4 701,000 5.846 2.538 -0.5229 182.2
- 448 0.02 30,000 4.477 2.651 -0.3098 306.9

386 0.02 60,000 4778 2.587 -0.3098 2644
362 0.02 85,000 4.929 2.559 -0.3098 248.0
310 0.02 156,000 5.193 2.491 -0.3098 2123
260 0.02 355,000 5.550 2.415 -0.3098 178.1
414 -0.3 24,000 4.380 2.617 -0.1871 329.4
345 -0.3 67,000 4.826 2.538 -0.1871 274.5
310 -0.3 132,000 5.121 2.491 -0.1871  246.7
241 -0.3 353,000 5.548 2.382 -0.1871 191.8
448 -0.6 6,200 3.792 2.651 -0.0969 398.0
372 -0.6 18,200 4.260 2.571 -0.0969 330.5
331 -0.6 43,000 4633 2.520 -0.0969 2941
276 -0.6 112,000 5.049 2.441 -0.0969 245.2
241 0.6 172,000 5.236 2.382 -0.0969  214.1
207 -0.6 231,000 5.364 2.316 -0.0969 183.9
190 -0.6 546,000 5.737 2.279 -0.0969 168.8
179 -0.6 1,165,000 6.066 2.253 -0.0969 159.0

379 -1 8,000 3.903 2.579 0.0000 379.0
345 -1 13,100 4117 2.538 0.0000 345.0
276 -1 53,000 4.724 2.441 0.6000 276.0
207 -1 306,000 5.486 2.316 0.0000 207.0
172 -1 1,169,000 6.068 2.236 0.0000 172.0

Fit 1,000 569.3

10,000,000 104.2
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10.26

- For the given fatigue data on unnotched specimens of AISI 4340 steel at

various G,,, fit a power-law stress-life curve, with 6, given by the Walker
relationship, Eq. 9.19. A multiple linear regression is needed.

' 1/B
B 1-RY ] 1—RY 1|
Car =ANf = Omax ) > Nf =[Gmax 9 ZJ

| 1 I-R 1
long=—§logGmax+%log( 5 }—ElogA

y = m x + my x» + ¢

Numerical values for fitting are given on the next page. The result of the
fit is given below, and a plot of &, vs. life showing data and fit follows.

my ms c
-9.3096 -6.0714 30.3295

1 m - _
B:-——-——, 'Y:Bmzz____z__, Azlo CB=10 C/ml
m my
A B Y

1811 -0.1074  0.6522

) 1 R 06522
o =181INF o, = GmaX(TJ MPa <

Plotting o, calculated from the fitted y provides an excellent correlation
of the data. 4
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A B S R=1-20,/0
7811 -0.1074 06522 @’ mae

Stresses in MPa y X4 Xo

6, op Nycydles Gmyx R 109 Ni 10g Gpax log [(1-R)2] G

379 621 73,780 1000 0242 4.868 3.000 -0.4214 531.1
345 621 83,810 966 0286 4.923 2985 -0.4472 4936
276 621 567,500 897 0.385 5754 2953 = -0.5119 4159
517 414 31,280 931 -0.111 4495 2969 -0.2555 6344
483 414 50,490 897 -0.077 4703 2953  -0.2688 599.0
414 = 414 84420 828 0.000 4926 2918 -0.3010 526.9
345 414 437,170 759 0.091 5641 2880 -0.3424 4539
345 414 730,570 759 0.091 5864 2880 -0.3424 453.9
310 414 445020 724 0.144 5648 2860 -0.3684 4164
552 207 45490 759 -0455 4658 2880 -0.1383 616.7
483 207 109,680 690 -0.400 5.040 2.839 -0.1549 546.8
414 207 510,250 621 -0.333 5708 2793 -0.1761 476.7
586 -207 208,030 379 -2.092 5.318 2.579 0.1893 503.6
552 -207 193,220 345 -2200 5286 2.538 0.2041 468.8
483 -207 901,430 276 -2.500 5.955 2.441 0.2430 397.6
948 0 222 948 -1.000 2.346 2977 0.0000 948.0
834 0 992 834 -1.000 2.997 2.921 0.0000 834.0
703 0 6,004 703 -1.000 3.778 2.847 0.0000 703.0
631 0 14,130 631 -1.000 4.150 2.800 0.0000 631.0
0
0

579 43,860 579 -1.000 4.642 2763  0.0000 579.0
524 132,150 524 -1.000 5.121 2719 0.0000  524.0
Fit 252 1000

1,000,000 410.7
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10.27
For the given fatigue data on unnotched AISI 1015 steel at various G,,, fit

a power-law stress-life curve, with 6, given by the Walker relationship,
Eq. 9.19. A multiple linear regression is needed.

I (= R | ﬂ

1. 1-R 1
logN ¢ -—-Elogcmax + XL log[ J—-—logA

B 2 B
| U y || |

—— ——— ——

yzm1x1+m2x2+c

‘Numerical values for fitting are given on the next page. The result O.f the
fit is given below, and a plot of 6 . vs. life showing data and fit follows.

my m2 C
74791 -52961 22.2004

B:-l—_, ,Y Bm2 m2 , : Azlo-—-cB =10-—c/m1
- m my |

A B ¥
929.7 -0.1337  0.7081

1— R \0-7081 |
o =9297N7P o = omax(-——z—) MPa <

Plotting G, calculated from the fitted y provides an excellent correlation‘
of the data. | -
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A B v R=1-26,/6
929.7 -0.1337 0.7081 @’ Tmax

Stresses in MPa y X\ Xz
Gy Opm N;, cycles  Gpax R log N; log 6ax l0g [(1-R)2]  ©g
558 0.0 52 558.0 -1.000 1.716 2.747 0.0000 558.0
455 0.0 242 455.0 -1.000 2.384 2.658 0.0000  455.0

362 0.0 1650 362.0 -1.000 3.217 2.559 0.0000 362.0
245 0.0 15,750 245.0 -1.000 4.197 2.389 0.0000 2450
228 0.0 30,000 228.0 -1.000 4.477 2.358 0.0000 228.0
207 0.0 90,000 207.0 -1.000 4954 2316 0.0000 207.0
172 0.0 393,000 172.0 -1.000 5.594 2.236 0.0000 172.0
158 0.0 800,000 158.0 -1.000 5.903 2.199 0.0000 158.0
228 345 21,000 2625 -0.737 4322 2419 -0.0612 2376
207 345 42,000 2415 -0.714 4623 2.383 -0.0669 216.5
186 345 128,000 220.5 -0.687 5.107 2.343 -0.0739 195.5
207  69.0 29,500 276.0 -0.500 4.470 2.441 -0.1249 22561
- 193 | 69.0 54,000 262.0 -0.473 4.732 2418 -0.1327 211.0
186  69.0 74480 255.0 -0.459 4.872 2407 -0.1370 203.9
172 690 162,800 2410 -0427 5212 2.382 -0.1465 189.8
165 69.0 113,000 234.0 -0410 5.053 2.369 -0.1517 182.7
152 69.0 683,970 221.0 -0.376 5.835 2.344 -0.1625  169.5
193 103.4 52,880 2964 -0.302 4.723 2472 -0.1863 218.7
179 1034 73,940 2824 -0.268 4.869 2.451 -0.1980 204.5
152 103.4 377,000 2554 -0.190 5576 = 2.407 -0.2254 176.9
241 -345 29,000 206.5 -1.334 4462 2.315 0.0671 2304
207 -345 44,700 1725 -1.400 4650 2.237 0.0792 196.3
186 -34.5 223600 1515 -1455 5349 2.180 0.0891 175.2
228 690 127,380 159.0 -1.868 5.105 2.201 0.1565  205.2
207 -69.0 172,250 138.0 -2.000 5236 2.140 0.1761 183.9
193 -69.0 473,250 124.0 -2.113 5675 2.093 0.1921 169.6
Fit 10 _ 683.3

' 1,000,000 146.6
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10.28

The notched bending member of Ex. 10.3 is a plate with a width
change, Fig. A.11(d), having a machined surface. (a) Estimate the S-NV
curve by Shigley method. (b) Calculate the expected life for given
cyclic loading. |

First, list the various given values and calculate the equivalent diameter
for size effect. Also calculate stresses from given applied loads, and
verify £ from Egs. 10.7 and 10.9.

d, =0.81,/wt
6M 6M
Sa — Za , Sm — 2m
- owj't wi't

Sar = \SmaxSa =/(Sm +5a)Sa

Material: RQC-100 Steel Stresses in MPa

W4, MM t, mm p,mm d,, mm Surface
80 10 4.00 22.91 machined
M, N-mm M_, N-mm S, S, SWTS,

2,000,000 2,500,000 187.5 234.4 281.3

o,, MPa log o o, mm k; k;
758 -0.8287 0.1484 1.85  1.82

Next, establish the S-N curve point at N, cycles based on Table 10.1.
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mg =1.24d;%107 | = 4.516;° 265
. ' : _ S = Oer
m=memmgms , Ogp =MmMOGy , er =7
f
Ne Me m My mg ‘m Oer Ser

1,000,000 0.504 1.00 0.887 0.778 0.348 263.7 144.9

Then establish the S-N curve point at N' = 1000 cycles based on Table
10.2. Use estimated 6'r and b values.

Or =0, +345, b =—

log (G's /G,r) | 07(2000)”
log(2N,) ° meT c,

Ky =1+ (ks —1)(-0.18+6.24x10™ %0, —9.47x10™*c})

m'o,
Szlr= kfu’ oJuZGu
f

N' C' b’ m' K's S'ar
1000 1103  -0.08986 0.688 1.196 435.9

Finally, use the above two points to obtain the constants for the

estimated S-N curve. Substitute S, for the applied stresses to estimate
the life |
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4

_logSgy —log S, y ar

B= log N’—logN, * ~(N)B

1/B
Sar

A

Sar=AN?, Ny= .(N'szz_Ne)'

B A - Sar N¢
-0.1594 13114 281.3 15,619 4
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10.29 i‘\xm}/y loaded pla'lé with hole Pr. 1017,
2024- T+AL, O = 303, 0, =476 MPQ
w= 50, 4 /0 =20 mm, R =2,3¢6

@) TJuvimall estiomate , szmooth Polish surface
Cepp = /30 MPQ-—W;_:_O‘ 47715_./ Mg =0, &
Me= O, No =5 %X/08 ,m'=0 78, A= R
Ser= TR = e s G _ +4.07 MPa
s Re
C.'=0u, S, ’_.fmo'-/;ée' /51,3 MFa
Jo /00/477‘3 on S=N curve; =, =M /V 3
(Ser, Vg ) = (4407 5X10%) , (S, N, M) = (/5/ 3 0%
= 05 /51,3 — o5 $4.07
fﬁﬁ/03~/055X/03 =~ 0.0940

A= /VB (/03) =559 = = 23896 MPa <
(b)/\/ S for 5,=60, S, = 30 MPx
/Q{ISJ,M% -23((60+3c>) = 212 MPa < g

\—-

~ [ Sar ‘/13_,_33 xc\%e
- —/Ei_ = >.38 cycles <

(Estimate s Ok as wfthim |03+ &X10F |
cycles ramge of ezuafiom,) | : |

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
and the needs of other instructors who rely on these materials.



C10. 29,p.2)
(b) Altermate Solu'hom Use SWT

Sar = Vomay 5a =/BO+60) 60 = 7349 MPx

\L;:(-—%-"—)/B = 2./7%x10° cycles - <

(0K as within ramge (0% +o SKID®)
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10.30

A circular rod with a diameter change is axially loaded, Fig. A.12(a),
and has a ground surface. (a) Estimate the S-N curve by Juvinall
method, and find X ¢ for zero-to-tension loading for 30,000 cycles at

P . = 70 kN. (b) If needed, increase fillet radius for X = 1.7.

(a) First, list the various given values, determine &, and estimate &

from Eqs. 10.7 and 10.9. Also calculate nominal stresses from applied
load.

fa)

& A 5 4P,
ndlz

a ] m
’J'Cdl

L§’a!r' - \[gmaxga = \/(S'm +§a)§a

“Material:  AISI 4142 (450 HB) steel Stresses in MPa
dq, mm dmm p,mm  dydy  pfd; Surface
15.0 18.0 1.0 120  0.0667 ground
oy, MPa Oy, ksi log o o, mm ki ks
1757 255 -1.4696 0.0339 1.95 1.919
ﬁ ﬁasN ﬁmsN §a ‘§m "§ar

30,000 35,000 35000 198.1 198.1 280.1

Next, establish the S-N curve point at N, cycles based on Table 10.1.

m, = (700 MPa)/o,  (Fig.9.24)

_ . S . Ger
m=memmgmg , Gg =mGCy , er — kf
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N Mg my My Mg m Oer Ser
4,000,000 0.398 1.00 0.800 0.720 0.229 403.2 2101

Then establish the S-N curve point at N’ = 1000 cycles based on Table
10.2.

m’=0.75, kKr=ky (axial)
m’cy,

SZIT’ - k}c . % =0Q,
- N ' m' K's S'ar
1000 0.750 1.919 686.7

Finally, use the above two points to obtain the constants for the
estimated S-N curve. Estimate the life for the applied stresses, and from
this Xy and then X .

- logSg, —logS,, 4 Sty

~ logN’—logN, ’ (N)B
| A /B . _
= AN% _| 2 N'>N;>N
Sar_ANfs NfZ" A (N'2 f= e)
Nga B
Xy=—"5, Xo=Xy
N N S N
B A S Nr, Xy Xs
-0.1714 2244 280.1 187,014 6.23 1.37 4
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(b) Since X g is not adequate, try a larger fillet radius and repeat the
above calculations.

Material:  AlSI 4142 (450 HB) steel Stresses in MPa
d;, mm d,, mm  p,mm - dy/d, p/d; Surface
15.0 18.0 2.5 1.20 0.1667 - ground
o,, MPa oy, ksi log o o, mm K, ks
1757 255 -1.4696 0.0339 155  1.543
N B.N BN §, S Su

30,000 35,000 35,000 - 198.1 198.1 280.1

N, Me my Mgy ms - m Oer Ser
1,000,000 0.398 1.00 0.800 0.720 0.229 4032 2614

N’ m' klf S'ar
1000 0.750 1.543 854.2
B A S ar N XN Xs
-0.1714 2792 280.1 667,872 22.26 1.70 4
This X ¢ for the new p = 2.5 mm is adequate. 4
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10.31

Double-edge-notched plates of AISI 4340 steel as in Fig. 10.11 have an
S-N curve for axial loading at R =—1 given by points below, and a
polished notch surface. Estimate the S-N curve by (a) Juvinall and (b)
Shigley. Plot estimates with data and comment.

S., MPa 696 617 538 459 379
Nj, cycles 10° 10%° 10° 10%° 10*
S., MPa 300 231 193 176 176

Ny, cycles 10*° 10° 10°%° 10° 10’

First, estimate k , from given p, k,, and G, using Egs. 10.7 and 10.9.

p, MM ki o, MPa 'loga o mm ks
2.54 2.43 786 -0.8539 0.1400 2.355

* Next, establish the S-N curve point at N, cycles based on Table 10.1.

tem Juvinall  Shigley

N, 1,000,000 1,000,000 Stresses in MPa

M, 0.50 0.504

m 1.00 0.85 |

Mgy 0.90 1.00 m = Moy gt

Mg 1.00 1.00 _ o

m 0450 0428  Oer =™Ous  Ser=Cer[ky
Or 353.7 336.7

Ser 150.2 143.0

Then establish the S-N curve point at N' = 1000 cycles using Table
10.2. Special calculations are needed for each method.

Juvinall: m’=0.75, kr=kg
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Shigley:
g 1 N
og(0’y /Ge,.) . 6’r(2000)

o’fzcu+345, b'=— 10g(2Ne) . m s,

Ky =1+ (ky —1)(-0.18+6.24x10 %0, ~_9.47><10“8_<52u)

0|f b! m| k'f
1131 -0.0835 0.763 1.341

Item Juvinall  Shigley

N’ 1000 1000 ,

m 075 0.763 , _moy, 3
Sar - r G;,t = Oy

K's 2.355  1.341 Ky

Sy 2503  446.9

Finally, for each method, use the above two points to obtain constants
for the estimated S-N curve. Also, extend the estimates to short lives

by a log-log straight line from the N’ point to 6, at N, = 1 cycle.

% logS:zr _logSer 4= Szzr
log N’—1ogN, ’ (N)B

So=ANF  (N'2N;2N,)

ltem Juvinall  Shigley
B -0.0739 -0.1650 <
A . 4171 1397.0 -

The plot that follows compares the estimates and the data. Shigley
generally follows the trend of the data but is more conservative.
Juvinall is grossly conservative at intermediate and short lives. - 4
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1000

- = Juvinal 2000
—Shigley 2004
—o—Data

S,, MPa
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10.32

Axially loaded, double-edge-notched plates of AISI 4130 steel with &,

= 4.00 gave test data at R = —1 as below. Estimate the S-N curve by (a)
Juvinall and (b) Shigley. Plot estimates with data and comment.

S, MPa 621 448 293 259 224
N;, cycles 104 682 8,440 19,700 30,500
S,, MPa 186 155 121 103 86.2

Ni, cycles 94,300 269,000 537,900 1,718,000 >10,325,000

First, estimate k » from given p, k,, and G, using Eqs. 10.7 and 10.9.

P, Mm Ky o,MPa logoa o, mm ks
1.45 4.00 807 -0.8725 0.1341 3.746

Next, establish the S-N curve point at N, cycles based on Table 10.1.

- ltem Juvinall  Shigley

Ne 1,000,000 1,000,000 Stresses in MPa

m 0.50 0.504 - Assume polished surface
my 1.00 0.85

My 0.90 1.00 m=mememg gm,

m . i

m ;405% J.fzoa Ocr =m0y > Ser =Cer [ky
Cgr 363.2 345.7

Ser 96.9 92.3

Then establish the S-NV curve point at N’ = 1000 cycles using Table
10.2. Special calculations are needed for each method.

Juvinall: m’ =0.75, k} =ky
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Shigiey:

log(0’ f0,) -  ©Of (2000)%
log2N,) ~ "7 o,

Oy =0, +345, b=~

Ky =1+ (ks —1)(-0.18+6.24x10" %0, —9.47x10™°0})

o'y b’ m' K's
1152 -0.0830 0.760 1.719

Item Juvinail  Shigiey

N 1000 1000

'm 075  0.760 , _ Mo, S =0
K's 3.746 1.719 A u-—
S, 161.6 356.7 |

Finally, for each method, use the above two points to obtain constants
fo_r the estimated S-N curve. Also, extend the estimates to short lives
by a log-log straight line from the N’ point to ¢, at N =1 cycle.

%logSar“logSer A= Szzr
logN’~1ogN, ’ (N)E

Sy =AN?  (N'2N;2N,)

ltem Juvinall  Shigley
B -0.0739  -0.1957
A - 269.3 1378.5 <

The plot that follows compares the estimates and the data. Shigley
generally follows the trend of the data but is more conservative.
Juvinall is grossly conservative at intermediate and short lives. 4
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1000 ¢
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100
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O Data
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10.33

- Axially loaded, circumferentially notched round bars of 2014-T6 Al
with k&, = 2.65 gave test data at R =—1 as below. Estimate the S-N
curve by Juvinall. Plot estimate with data and comment.

Sa MPa 262 200 138 124 100
N; cycles 2,100 13,300 137,000 661,000 2,420,000

S, MPa 82.7 79.3
N;, cycles 17,200,000 27,600,000

First, estimate & » from given p and &, using Eqgs. 10.6 and 10.9.

o, MPa p, mm ki o, mm ke -
494 0.813 2.65 0.51 2.014

Next, establish the S-N curve point at N, cycles based on Table 10.1.

Item Juvinall | | Stresses in MPa

Ne 5.00E+08 Assume polished surface

Mme 0.263 _

my 1.00 m, = (130 MPa)/c, (Fig.9.25)

my 0.90

My 1.00 m=mmingne .

m 0.237 -

6w 1170 Oer =My, Ser =Cpr [k
Ser 58.1

Then establish the S-N curve point at N' = 1000 cycles using Table
10.2. |

Juvinall: m’ =0.75, ky = kf
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ltem Juvinall

N’ 1000 . m'c,

m 075 Sar="27"> Ou=0y
K's 2.014 f

S  184.0

Finally, use the above two points to obtain constants for the estimated
S-N curve.

_logSy—logSer S

~ logN’—logN, ’ (N8B

Sa =AN7?  (N'2N;2N,)

ltem Juvinall
B -0.0878
A 337.5 - ' | ‘

The plot that follows compares the estimate and the data. The Juvinall
estimate is reasonably accurate at intermediate and long lives, but
overly conservative at short lives.

1000 ¢
— Juvinal 2000
& i O Data -
= O
B
100 <
. 2014-T6 Al
- 6, =494 MPa
"k, =2.65 R=-1 N;, Cycles
10 L 3ol 3L el bt AL Lot L1, bl b itasf fo it i1a1l L1 L fitid

1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09
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10.34

The given repeating load history is applied to the Prob. 10.30 axially
loaded rod with a diameter change, Fig. A.12(a). An estimated S-N
curve is given, and 100 repetions are expected in service. Estimate (a)
repetitions to failure, (b) safety factors in life and stress.

First perform cycle counting on the load history. Then for each level
of cycling, calculate nominal stresses and S, using the SWT

equation, and from this the life N, . Next, apply the P-M rule, and

from the resulting number of repetitions to failure, obtain the safety
factors.

P, Load, kN

time

P, P 4P 4P,
p = -max min , S _ max ’ g —_4a
a 5 max ndlz a Tl:d12

1/B —
Nf=(SZ’] , Bf[ZN—;—J =1

' ~one rep
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AlSI 4142 steel (450 HB), k= 1.92 Stresses in MPa
Oy A B di, mm B, reps
1757 2250 -0.172 15 100
] Nj Pmins N Praxe N Pa’ N - Smax' Sa
1 2 0 60,000 30,000 339.5 169.8
2 1000 40,000 80,000 20,000 452.7 113.2
3 1 0 80,000 40,000 452.7 226.4
j Sar N; N/N;
1 240.1 4.47E+05 4.48E-06
2 2264 6.29E+05 1.59E-03
3 320.1 8.39E+04 1.19E-05
= 1.61E-03 .
Bi=1/Z= 623 <
By Xy= 6.23
— _ y-B N -
Xy = B’ Xg =Xy Xs= 1.370 <
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1035 The shaftillustrated sailed after

2 %107 rotatioms and was made c:»f'AISI | 040
steel with ¢ =620,0, =320 MPa, 25 % RA.
The £illet radius at the farlure locatronn
was smaller tham o the desiga draw-
imgs. Estimate Xs €or both cuses, Does
the mamutacturimg error explain the
failure? Fig, A2 (b) applies,

A+ the failure cross sectioan:

Mo = (190,500N)(156-70/2) amam = 2,305 X0’
32M 22 (2,305 XID" N-vnwm) Nemow
Sa"' 2 = . = ’7/10 MPCL

S owd® T(I"rﬁ’?’ﬂw)B

For both the design and actual service cases, list the various given values,
determine %, and estimate &  from Eqgs. 10.10 and 10.11. |

Case dy,mm d,mm p mm do/d, p/d;  Surface
design 149.0 171.5 6.35 1.151 0.0426 machined
actual 149.0 171.5 2.00 1.151 0.0134 machined

Case o, MPa ¢, ksi fog B B, mm k; ks
design 620 90 -0.88230 0.1311 2.0 1.87
actual 620 90 -0.88230 0.1311 2.7 2.35

For each case, based on Table 10.1 and the Juvinall method, establish the
fatigue limit on the S-N curve at N, = 1,000,000 cycles.
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0,35, p.2)

m= mymmgmy

Cpp = MGy, , Ser =0-er/kf

Case Mg M My Mg m Cer Ser
design  0.500 1.00 0.700 0.770 0270 1671 89.1
actual- 0.500 1.00 0.700 0770 0.270 167.1 71.0

Rg = Ser/Sﬂ |
Re = “30!.1/’7\‘0 = .26 (des:‘gm)

| 4
Xg= TL0/71L0 = 10O (actual)

Hemce, for te actual case , there is mo
Sa-f»e‘l‘y rIarg t'mj.explﬂt'm.;‘mg +he fallupe.,
. . . <
Note +hat +he des:cafm Sa‘-fe,’f'y -FQC‘f‘O?" | s
already oo low. ( X= .00 for the actual
case [S a colmeidemce. Usjmg Fetersom

for Ry amd /oy Shigley Lfor Tep would

give a simjlar value, but mot exacrly

LOO)
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ﬂfe_ﬁ Ba:‘ley BH'&ICJE, prm-elS cycleai at
Somiim = 7,9 MPa, with gz'ye/m [oadpaﬂ‘@r'm)
and +wo peak 5,,.,, = 240 and 209 MPa,
(@) Estimate |life £rom Frs 10.17 data.

— - 0,247

For each |evel of cyclimg, calculate:
_S/rm:?x ﬁ(Peak S/max)( Yo of pea h)/l()o

N-? — (SXQX>I/B

T hen a/:)/oly ;

5[z, ] =
TLT Ney dpervep
Bg = repetitioms to farlure (calculated)

(b) ._Co’mpqre 8.9 €row data:

RQ-\-IO -— Da +’Cl B‘f'
Cale B{_

Detarls are om +he mext page. T he test

data ljves are 3 +o & +imes lamger
thawm +he calculated omes, Z_'ocalyz‘e/dmg

e ffects may 6)7/3162_/'44' ‘H/je differemce. See
Sectioms 10.10 and |46 for discussiom, 4
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(10. 3¢, P 2)
AMPa= 2350 B= -0.247

Peak S, MPa = 240 -

% of Cycles per  Spax

Peak Sp,,x Block,N;  MPa N Ny/Ng
20 11,700 48  B6.94E+06 1.69E-03
40 8400 96  4.19E+05 2.00E-02
60 3,140 144 8.12E+04 3.87E-02
80 700 192 2.53E+04 2.76E-02
90 57 216 1.57E+04 3.62E-03
100 3 240 1.03E+04 2.92E-04
T = 24.000 > = 9.19E-02
CalcB:=1/T= 10.88 <4

DataB;= = 33
Ratio Data/Calc = 3.03

Peak S, MPa = 209

% of Cycles per  Spax

Peak Syax  Block, N.  MPa Nj N/Ng
20 11,700 418 1.22E+07 9.63E-04
40 8,400 836 7.34E+05 1.14E-02
60 3140 1254 1.42E+05 2.21E-02
80 700 167.2 4.44E+04 1.58E-02
90 57 188.1 2.75E+04 2.07E-03
100 3 209 1.80E+04 1.67E-04
Y= 24,000 Y= 5.25E-02 <

CalcB,=1/2= 19.05

Data B; = 100
Ratio Data/Calc=  5.25
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10.37

The given repeating nominal stress history is applied to 2024-T351
Al double-edge-notched plates (k, = 2.15), for which constants for a
Walker fit are given. In service, 200 repetions are expected. Estimate
(a) repetitions to failure, (b) safety factors in life and stress.

First perform cycle counting on the nominal stress history. Then for
each level of cycling, calculate S, using the Walker equation, and

from this the life N ;. Next, apply the P-M rule, and from the
resulting number of repetitions to failure, obtain the safety factors.

i
Q
=]
1
A

One repetition >|

300

200

100

S, Nominal Stress, MPa

-100 b

A B Y B, reps Stresses in MPa
1531 -0.2175 0.7326 200 '

' 1—R Y S 1/B
R = Smin /Smax » Sar ZSmax(T) > Nf =( ZFJ

| [ N, ]
o [o

one rep.
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(1037, p.2)

j N; Smin  Smax R Sy Ng Ny/Ng

1 50 50 250 0.200 1278 9.10E+04 5.50E-04
2 1 -50 250 -0.200 172.0 2.32E+04 4.31E-05
3 200 -100 50 -2.000 67.3 1.73E+06 1.15E-04
4 1 100 350 -0.286 2532 3.92E+03 2.55E-04
¥ = 963E-04

1/2=B;= 1038 <4

B | ~ Xy= 5.9 |

XN ??f’ X5 =Xn" Xs= 1431 4
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10.38

The given repeating nominal stress history is applied to 7075-T6 Al
double-edge-notched plates (.kf = 4.00), for which constants fora -

Walker fit are given. (a) Estimate the number of repetitions to failure.
(b) Compare the calculated life to test data and comment.

First perform cycle counting on the nominal stress history. Then for each "
level of cycling, calculate S, using the Walker equation, and from this

~ the life N ;. Next, apply the P-M rule, and compare the resulting number
of repetitions to failure with the test data.

v

S | One repetition
= 1 46 47 303
2 | 12 3..267268 | 231
w .
8 - 159
£
Q
Z 7 —uj— 86.2
s | Y _ ‘- L __ 483
0 time
A B ¥ : Stresses in MPa

779 -0.197 0.486

1-RY Se '°
R =Smin/Smax » Sar szax(T) ’ Nf :[ ;"

o2

one rep.
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(10.33) p,2)

] Nj Smin Smax R Sar Nf] N}/ij
1 47 48.3 303 0.159 1988 1.02E+03 4.59E-02
2 268 48.3 231 0.209 1472 4.72E+03 5.68E-02
3 810 48.3 159 0.304 952 4.30E+04 1.88E-02
4 1810  48.3 86.2  0.560 413 2.99E+06 6.05E-04
' = 1.22E-01
1/5=B;= 819

Test Data, Repetitions to Failure

No. 1 2 3 4 5 g  Geometc
B, 187 18 18 18 16 15 17.23
Ratio Data/Calc = 210 <4

The experimental fatigue lives are approximately twice the estim'ate,
which is reasonable agreement. ' - |
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10.39

The given repeating nominal stress history is applied to 7075-T6 Al
double-edge-notched plates (k, = 4.00), for which constants for a

Walker fit are given. (a) Estimate the number of repetitions to failure.
(b) Compare the calculated life to test data and comment.

First perform cycle counting on the nominal stress history. Note that
the major cycle is formed by one peak at the highest level, S .. =336
MPa, and one valley at the lowest level, S, = —67.6 MPa. Also, there
are 11 cycles between S min = 48.3 and S ., = 336 MPa, and one
between S ;, = —67.6 and S ., = 48.3 MPa. Otherwise, each adjacent |

valley and peak form a cycle. Then for each level of cycling, calculate
S & using the Walker equation, and from this the life N .. Next, apply

the P-M rule, and compare the resulting number of repetitions to
failure with the test data. -

S|

323¢ MPa
292

SN
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(10.329, 0, 2)

A B Y
779 -0.197 0.486

Stresses in MPa

E  (1-RY S, V2
R:Smjn/Smaxa Sarzsmax( 5 ) ’ Nfz( a"T

[

N, ]

J
r=l [Z Ny J
one rep.

j Nj Smin Smax R Sar Nt] Nj/ ij
1 1 48.3 336 0144 2225 579E+02 1.90E-02
2 35 48.3 292 0.165 1909 1.26E+03 2.78E-02
3 88 48.3 255 0.189 1644 269E+03 3.27E-02
4 180 48.3 219 0.221 138.5 6.41E+03 2.81E-02
5 300 48.3 181 0267 1111 1.96E+04 1.53E-02
6 510 48.3 . 143 - 0.338 83.6 8.34E+04 6.11E-03
7 780 48.3 105 0.460 566 6.62E+05 1.18E-03
8 1030 48.3 67.6 0.714 26.2 2.98E+07 3.45E-05
9 15 -19.3 483 0400 406 3.25E+06 4.61E-06
10 1 -67.6 483 -1400 528 8.60E+05 1.16E-06

11 67.6 336 -0.201 2623 2.51E+02 3.98E-03

Y = 1.34E-01

1Z=Bi= 7.45

- Test Data, Repetitions to Failure, and Geometric Mean

No. 1 2 3 4 5 6 Mean

B 13.7 12.1 12.1 11 11 10 11.59

Ratio Data/Calc = 1.56

The experimental fatigue lives are approximately 50% above the

estimate, which is reasonable agreement.

<

<

<4
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19—-5'2 MQ’M"‘T&M mQ‘\"C-hed member under
the load history of Fig. 448, Comstamt
amplitude data give:

AP= 379 (2N) %52 kN (R=-)
AP_p=A2N)% A=I895KN, B=-0,223

@) Estromate //fe for peak loads of 7/.17
35,58, and 15.57 AN. To account? For
varrous -meam Joads ,f,,, tse!

7%}-— = \//aw@x \/(/7 7" Z2)fa = A (2 N{)B

Loads /51 g 9.45 /m Y% of pea R /oc,
flemce, For each Range (AP) and Meam
(P ), Tabulate +he N vralue froom
Fhe -matlrixy and calculate:

| AP, L Feak F RN
f%) RN = 2) X /o0 ’

- eak F, AN

=/ (B + B

Np= 4 (Lar)7®

[However, if m + Py = /oy /s £ O, use
@,..-—O /\/_FJ._C:O and /\//N_FJ"‘O
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Them apply 13_9[—2 %—J‘*] = |
¢y dperrep

Detarled calculatioms For peak P=71.)7
RN are om four pages +hat follow. Do
peak P= 235,52 amd 1557 RN siwilarly,

Peak Calc Data Ratio
P, kN B; B
7117 356 11.04 3.10

35.58 79.7 168.5 212
- 15.87 3241 4531 1.40 4

(b) Compare +to test data. First compare
+he geafme‘h-/‘c meamn of the +hree data
poimts with +he calculated Es ., For peak
P=7L]) RN: | s |

Data Be = (34X128%x12.5)"" = 1L.O4 kN

Ro‘-ho-"’ Cale By =~ 356 ~ >

Results Sor all +hree load levels are im
the +able above,

—7—/78 CQ/CH/@*&‘C;' M/HGS )CO)’«'M o 5’#/»4,‘9/,-}

lrme o o /09-/0‘9 /0/02‘ T Ah/s Limme 7s
- plofted with the data em +he »nex?

Pt{ﬁ £,
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100

/o

o Data

Peak Load, P, kN

10

1 10 100 1000 10000
B, Repetitions

T he calcylates Jfves are ian reasomable
agkéemw‘f worth +he data ConﬁS/'C/é}'z”ng
/1S Sca Her, w/‘%A the calculated /ime
Fallimg near +he boltom oF +he
scatter <
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(10.40, o 4)

A B PeakP Data B;

kN kN Test 1 Test 1 Test 1 Geo Mean

189.5 -0.223 71.17 8.4 12.8. 12.5 11.04
N, AP,% P..% P, kN P,,kN P, kN Nj; N/Ng
4 20 15 7.117 -10.676 0 0
1 20 -10  7.417 7117 0 0
5 20 -5 7117 -3.559 5.032 5.83E+06 8.58E-07
2 20 0 7117  0.000 7117 1.23E+06 1.62E-06
2 20 5 7117  3.559 8.717 A496E+05 4.03E-06
5 20 10 7117 7117  10.065 260E+05 1.92E-05
3 20 25 717 17793 13.315 7.42E+04 4.04E-05
6 20 30 7117 21.351 14234 5.50E+04 1.09E-04
15 20 35 71417 24910 15.097 4.23E+04 3.55E-04
27 20 40 7117 28468 15914 3.34E+04 8.09E-04
29 20 45 7117 32.027 16.691 2.69E+04 1.08E-03
32 20 50 7117 35585 17.433 222E+04 1.44E-03
22 20 55 7117 39.144 18.145 1.85E+04 1.19E-03
12 20 60 7.117 42702 18830 1.57E+04 7.65E-04
6 20 65 7.117 46.261 19491 1.34E+04 4.46E-04
2 20 70 71417 49819  20.130 1.16E+04 1.72E-04
2 25 -15 8.896 -10.676 0 0
4 25 -10 8.89%6 -7.117 3.979 167E+07 2.39E-07
3 25 -5 8896 -3.559 6.891 1.42E+06 2.11E-06
9 25 0 8.896 0.000 8.896 4.53E+05 1.99E-05
'8 25 5 8896 3559 10526 2.13E+05 3.76E-05
10 25 10 889% 7117 11936 1.21E+05 8.25E-05
4 25 15 8.896 10676 13.195 7.73E+04 5.17E-05
6 25 20 8.896 14234 14345 5.31E+04 1.13E-04
2 25 25 8.896 17.793 15409 3.86E+04 5.19E-05
7 25 30 8.896 21351 16.404 2.91E+04 2.40E-04
17 25 35 8896 249810 17.342 227E+04 7.49E-04
37 25 40 8.896 28.468 18232 1.81E+04 2.04E-03
36 25 45 8.896 32.027 19.080 1.48E+04 243E-03
43 25 50 8.896 35.585 19.893 1.23E+04 3.51E-03
33 25 55 8.896 39.144 20.673 1.03E+04 3.20E-03
13 25 60 8.896 42702 21425 8.79E+03 1.48E-03
7 25 65 8.896 46.261 22.151 7.57E+03 9.24E-04
1 25 70 8.896 49819 22855 1.52E-04

6.58E+03

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended. pedagogical purposes
and the needs of other ins‘tructors who rely on these materials..



(/0. 40, 5 5)

25
30
30
30
30
30
30
30
30
30
13 30
20 30
20 30
23 30
20 30

8 30

6 30

1 30

1 35

1 35
- 4 35

2 35

3

2

1

3

2

8

PROWA WG AN

35

35

35

35

35

35

17 35
16 35
11 35
11 35
7 35
35
40
40
40
40
40
40
40

[ G R N L& QU R e )

75
-15
-10

-0

8.896
10.676
10.676
10.676
10.676
10.676
10.676
10.676
10.676
10.676
10.676

10.676

10676
10.676
10.676
10.676
10.676
10.676
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
12.455
14.234
14.234
14.234
14.234
14.234
14.234
14.234

53.378

-10.676

-7.117
-3.559
0.000
3.558
7.117
10.676
14.234
21.351
24.910
28.468
32.027
35.585
39.144
42.702
46.261
49.819
10.676
-7.117
-3.559
0.000
3.559
7117
14.234
17.793
21.351
24.910
28.468
32.027
35.585
39.144
42.702
46.261
-7.117
-3.559
0.000
3.559
7117
10.676
21.351

23.537

6.164
8.717

- 10.676

12.327
13.782
15.097
16.307
18.491
19.491
20.442
21.351
22.223
23.062
23.871
24.654
25.413

4707

8.154
10.526
12.455
14.122
16.613
18.232
19.409
20.519
21.572
22.576
23.537
24.461
25.350
26.210
27.042
10.065
12.327
14.234
15.914
17.433

- 18.830

22.506

5.77E+03

2.35E+06
4 96E+05
2.00E+05
1.05E+05
6.36E+04
4.23E+04
2. S99E+04
1.70E+04
1.34E+04

1.09E+04

8.93E+03
7.46E+03
6.32E+03
5.42E+03
4.69E+03
4.09E+03
7.86E+06
6.69E+05
2.13E+05
1.00E+05
5.70E+04
3.64E+04
1.81E+04
1.37E+04
1.07E+04
8.53E+03
6.95E+03
5.77E+03
4.85E+03
4 14E+03
3.56E+03
3.10E+03
2.60E+05
1.05E+05
5.50E+04
3.34E+04
2.22E+04
1.57E+04
7.05E+03

3.47E-04

0
4.26E-07
1.01E-05
1.50E-05
9.53E-06
1.57E-05
9.47E-05
1.00E-04
2.35E-04
9.67E-04
1.84E-03
2.24E-03
3.08E-03
3.16E-03
1.48E-03
1.28E-03
2.44E-04
1.27E-07
1.49E-06
1.88E-05
2.00E-05
5.26E-05
5.50E-05
5.51E-05
2.19E-04
1.87E-04

9.38E-04

2 44E-03
2.77E-03
2.27E-03
2.66E-03
1.97E-03
6.46E-04
3.84E-06
9.53E-06
1.82E-05
5.99E-05
4.51E-05
6.37E-05
5.67E-04
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7 40
40
40
40
40
40
45
45
45
45
45
45

45
45
45
45
50
50
50
50
50
50
50
50
50
50
50
50
55
55
55
55
55
55
55
55
55
60
60
60
60

'y
(9]

: Y

35 14.234
40 14.234
45 14.234
50 14.234
55 14.234
60 14.234
16.013

0 16.013

5 16.013
30 16.013
35 16.013
40 16.013
45 16.013
50 16.013
55 16.013
60 16.013
-5 17.793

0 17.793 .

5 17.793
10 17.793
30 17.793
35 17.793
40 17.793
45 17.793
50 17.793
55 17.793
60 17.793
85 17.793
-5 19.572

0 19.572
30 19.572
35 19.572
40 19.572
45 19.572
50 19.572
60 19.572

70 19.572
21.351
-5 21.351
30 21.351
35 21.351

24.910
28.468
32.027
35.585
39.144
42.702
-7.117

0.000

3.559
21.351
24.910
28.468
32.027
35.585
39.144
42.702
-3.559

0.000

3.559

7.117
21.351
24.910
28.468
32.027
35.585
39.144
42 702
46.261
-3.559

0.000
21.351
24.910
28.468
32.027
35.585
42.702
49.819
-7.117
-3.559
21.351
24.910

23.604
24.654
25.661
26.629
27.564
28.468
11.936
16.013
17.703
24.461
25.599
26.689
27.736
28.745
29.719
30.663

15.914

17.793
19.491
21.062
26.391
27.564
28.690

- 29.773

30.818
31.828
32.808
33.759
17.703
19.572
28.301
29.506
30.663
31.778
32.856
34.911
36.852
17.433
19.491
30.195
31.428

5.70E+03
4.69E+03
3.92E+03
3.32E+03
2.84E+03
2.46E+03
1.21E+05
3.24E+04
2.07E+04
4.85E+03
3.96E+03
3.28E+03
2.76E+03
2.35E+03
2.03E+03
1.76E+03
3.34E+04
2.02E+04
1.34E+04
9.51E+03
3.45E+03
2.84E+03
2.37E+03
2.01E+03
1.72E+03
1.49E+03
1.30E+03
1.14E+03
2.07e+04
1.32E+04
2.52E+03
2.09E+03
1.76E+03

1.50E+03

1.29E+03
9.85E+02
7.73E+02
2.22E+04
1.34E+04
1.89E+03
1.58E+03

1.23E-03
3.20E-03
4.09E-03
2.71E-03
2 82E-03
8.13E-04
8.25E-06
1.23E-04
1.45E-04
4.12E-04
2.53E-04
2.74E-03
2.53E-03
8.50E-04
1.48E-03
5.68E-04

5.99E-05

9.89E-05
1.49E-04
1.05E-04
5.79E-04

'7.04E-04

1.26E-03
1.49E-03
5.80E-04
6.71E-04
7.68E-04
8.74E-04
4.83E-05
7.58E-05
7.92E-04
9.55E-04
2.27E-03
2.66E-03
1.55E-03
1.02E-03
1.29E-03
4.51E-05
7.44E-05
5.30E-04
6.34E-04
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3 60 40 21.351 28468 32614 1.34E+03 2.25E-03
2 60 45 21351 32027 33.759 1.14E+03 1.75E-03
1 60 50 21.351 35585 34866 9.91E+02 1.01E-03
2 65 35 23130 24910 33.334 1.21E+03 1.65E-03
1 65 40 23.130 28.468 34547 1.03E+03 9.69E-04
2 70 35 24910 24910 35227 946E+02 2.11E-03
1 70 45 24910 32.027 37.660 7.01E+02 1.43E-03
1 75 15 26.689 10.676 31.579 1.54E+03 6.48E-04
1 75 35 26689 24910 37109 7.49E+02 1.34E-03
2 75 40 26.689 28468 38.367 6.45e+02 3.10E-03
1 85 5 30.247 3.559 31977 1.46E+03 6.85E-04
1 85 15 30.247 10676 35182 9.51E+02 1.05E-03
3 85 20 30.247 14234 36.680 7.89E+02 3.80E-03
3 85 25 30.247 17.793 38.119 6.64E+02 4.52E-03
4 80 25 32.027 17.793 39.944 5.38E+02 7.43E-03
1 95 10 33.806 7117 37194 7.41E+02 1.35E-03
1 95 20 33.806 14.234 40.299 517E+02 1.93E-03
4 95 25 33.806 17.793 41765 4.41E+02 9.07E-03
1 95 30 33.806 21351 43.181 3.80E+02 2.63E-03
5 100 20 35.585 14.234 42105 4.25e+02 1.18E-02
3 100 25 35585 17.793 43583 3.64E+02 8.24E-03
1 100 30 35585 21.351  45.012 3.15e+02 3.17E-03
3 105 20 37.364 14234 43908 3.52E+02 8.52E-03
3 105 25 37.364 17.793 45397 3.03E+02 9.89E-03
3 105 30 37.364 21.351 46.839 2.64E+02 1.14E-02
2 110 25 39.144 17.793 47.209 2.54E+02 7.86E-03
3 110 30 39.144 21.351 48662 2.22E+02 1.35E-02
3 115 25 40.923 17.793 49.018 2.15E+02 1.40E-02
1 120 15 42.702 10676 47.742 2.42E+02 4.13E-03
1 120 25 42702 17.793 = 50.826 1.83E+02 5.47E-03
1 120 30 42702 21351 52299 161E+02 6.22E-03
2 125 25 44481 17.793 52631 1.56E+02 1.28E-02
1 135 20 48.040 14234 5469 1.32E+02 7.60E-03
1 150 25 53.378 17.793 61635 7.70E+01 1.30E-02
854 = 0.28119
Calc B;= 1/% = 3.56

Peak load, kKN= 71.17 Data B;= 11.04
Ratio = 3.10
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10.41
- Fourmofched members, corth (@) assumed
70 be a emgimeering componemt, and

Rin, frg , drmemsions, and 5’5 as grrem.

(A) Letersvime /for each ; ~F=/F(),
a=c+.4,
. c
(112k.5 /F )"~
Approximate values of F correspomaimg
to swmagl/l x=a/b , obfarmess Froma s,
B./3(a), g, 14(a), 8.12(b) ,ang ¥.12(a),
respectively, may be useq To Guprexsmate
A as Fo/lows !

Case ky wyord, c b ~F ~
mm mm mm _ mm
(a) 3.77 55.2 72 552 112 0.545
(b) 4.55 12.0 1.2 6.0 1.12 0.061
(c) 3.24 54.0 9.0 270 1.12 0948 .
(d) 3.43 440 70 220 1.00 0509 <

Accurale values regurre o tria/ and error

Solttiom wirth vrar/able F=FM&) , o =a/s
From the saome Frgures. Usinmg & =TK /2
and ﬁ::'/—-o{ as comyvenien?, Fhese are

| | fan & | 0923+ 0./77 (/“5/"?’79)4
Casela): /~ = o) o B
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(/104/, p2.2)

Case (b)) = 2/51. [ + —/% + = ﬁ 03‘3’@ '1'0:73,,8)

Caselc)y; = (l+0./122 cos‘*@) 7-"....,.....__.......‘;”'6

J— O, 5% +0,324x*
/ —X |

Caseld) F=

75//»& ceec!, note thal P’ Occtrs where
Ka=Ag From Eg, %24 and 2.25.

/r/} = /,/2/'17_&9 5.9 ,/77,?) _ /r‘g :F%'/WQ

Use +hese i vhe Lorong

ar. FE ‘
LA = nyne, Se - = Jricte)
A5 S ' Ags

Wrth traryimg /~ as above, adjust 4
(L{M?"// /T_A/[ 59)_ B/[R,g.gsj):

/s o,b?"czzmea’/ +he Fraaa Z--/’ 7T Ae
kesa,v/vL 740//00.«./5 ;

Case I a Ki(kgS) a=ab Oorp F(a) KelkgS) Kn-Kg
mm mm  mm°® mm®® |

(a) 0.456 7.7 1.341 0.139 0.218 1.031 1.341 0.000
(b) 0.075 1.3 0.545 0.213 0.787 1.238 0.545 0.000
(c) 0.959 100 1944 0369 0579 1126 1944 0000
(d) 0.589 7.6 1.524 0.345 ~~~ 1070 1.524 0.000

A
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(o4, p,3) -
(B For various X, polot Ay/(fg Sg ), and
alse plot /15 /(RgSg) for each case, Us/mg
Feg, €, and tarys/mg F as Qgprepr/ale,

3 -
: | /<, for Case:
251 (b B c)
. f ()
o'E 2 R
£ [
N (a)
% 15 L
x ’ R
5 I 4
Q
s
05 |
0 1 1 1 i 1 1 L 1 L1 I ] 1 [ 1 I 1 3 | 1 t 1 1 (] [ i i 1

0o 1 2 3 4 5 6
|, Crack Length From Notch, mm

() FoF the component, Case (R), t+he £’
valde, and clss +he agoroximale vakrizhon
of [T vs £ /m the plo?, /'S »most closely
matched by Case (d), the plate with a
cemtiral bole, | 4

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
_and the needs of other ins‘tructors who rely on these materials. ... . ..



1042 AWS category E' applies to o cover-

pla‘i’ed beam Dau'/y OLCUFrences of AS +or
typical loadimg are givem. Fimd (a) |/ fe im
vears, (b) Xy, hs §ov 75 year service Iife,

AS :A'N)CB with A3 \ﬁrow. Table 0.3,

)

P\P}?iy FP-M rule and Cﬁ’CH’QTC XN) As .

Ny = (“>‘/Bj /[Z N{J]Pe**d“y

AWS Category A', MPa B
E 5001 -0.3330
AS,MPa N, Ng * Ny/Ng

1.8 121 2 20E+10  5.51E-09
5.4 335  8.11E+08 4.13E-07
9.0 255  1.75E+08  1.46E-06
12.6 136 B6.37E+07  2.14E-06
16.2 76 299E+07  2.54E-06
19.8 48  164E+07  2.93E-06
23.4 16 9.92E+06  1.61E-06
27.0 9 B.45E+06  1.39E-06
30.6 3 443E+06  6.77E-07
34.2 1 3.17E+06  3.15E-07
= 1.35E-05

By, days=1/Z= 74,175

B, years=  203.1 - 4
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AN = B;p/,é) B =75 years

AN= 203,01 /75 = 2.7] | <
xs-—-?«,\,“g = 2033 1,39 | <

Commemnts: Le +he AWS value ASt+y = (9 M2
s employed ion +he life estiovate, Usimg
N;/Ngg = O belowo this level, Be= 395 yps,
results. T his |s eyrpected to be momcom-
servative, as cycles below +the £at/gue liomit
cause fatigue damage ¢ f com bimed with
cycles obove, T¢ +he same is dome usSimg
AStu /2 =9 MPa per AASHTO , B¢ = 210
yrs. results, Also Xy amd Rs above are
relative tv the desigm carve, which is
oabout X2 i \ife below -H/\a mean of
+he origimal data,
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