: . 1 1 .
Equations: Oyx = §(f’xx +0,)+ i(axx —0,,)c0s20 + 0, sin20
Opy = 16, + MOy + N0, . .
op, = o, + ma,, + no,, Oyy = 5(0},(*' Oyy) = E(GX"_ 0,,)c0s20 - 0, 5in26
op, = lo,, + mo,, + no, 6,=T-N .
P " = Oyy = —%(oxx— 0,,)sin20 + 0, cos20
Opy = lzaxx + mlayy + nzazz + mn(ayz + crzy) + nl(axz + azx) 20
1 tan 26 = I
+ Im(a,, + 0,,) o.-0
= o, + m?a,, + n*a,, + 2mno,, + 2Ino,, + 2Imo,, ol w6 ”
o, = XX Wy l(o' -0 )2+g-2
1 xx xy
- \/ 2 2 _ \/ 2 2 2 2 2 4 y
Ops =N Op — Opy =~ 0px + 0py + Op; — Opy o +o
) 1 2. 2
o, = %— 2(Uxx“’yy) +0,,
2 2 2
Oyx = Ilaxx+mloyy+nlazz+2mln16yz+2nlllazx+lemloxy T S
2 2 2 Tmax = Oxymax) = R = [7(0,-0, )+,
Oyy = [0, + my0, + 1,0, + 2m2"26yz +2n,l,0, + 212m26xy
2 2 2
Oyz = 130, +m30, +n30,, + 2m3n30; + 2n3l30,, +2l3m30,, P o P
= N, =o0y*N Ny Xy _Z 4B =0
Oyy = O0x =Ny = Oy 1INy ox dy o x =
=1112():“(+m1m2c}'yy+nlnzc)'zz-ﬁ—(m1r12+m2n1)0'yz PH P P
Xy Xy D 4B =0
+(lyny +1yny) 0, + (Iymy + 1hmy) 0, o % % y
Oyz = Oy * N3 = [|130, +mmy0, +n ny0,, +(mny+msn;)o,. Jdo,, ao'yz do,, B -0
+(Iln_,+l3n1)ozx+(l,m3+l3m1)oxy o + W + - +B, =
Oyz = 0y * N3 = LLI;0,,. + Mym3 0y + nyn3 0, + (myny + m3n2)0'yz
+(pny + I3ny) 0, + (Iymy + 13m;) 0, With temperature change (you can always let AT=0 for
QTQ=T' equations without temperature change):
cosfy, cosf, cosb, LoL €= é[on— V(U\,y +0,,)] + 0AT
Q=|cosb,, cosf, cosb, |=|m m, m, i
cosB,. cosf, cosb, non, n, €yy = E[Uy_‘.— V(Oy + 0,,)] + 0AT
1
€, = E[o_,: - V(0 +0,)]+0aAT
I(Gxx_c)+m0xy+nox:=0 c,.,—0 Oyy o, e = (1+V)o c = (1+V)c . —(“'V)c
= a = xy xy’ xz T Xz yz = 7% Y
lo,,+m(0oy,—0)+noy, =0 o, 0,—-0 O, 0 E E E Y
lo,, +mo,, +n(0,,-0) = 0 O, 0y, 0;,;-0
3 2 Without temperature change:
o-1,0+1,0-1, =0
1 2 3 E
0, = ———[(1-V)e__+V(e, +€
Iy = Oyt 0y, + 0, e (1+V)(1—2V)[( ) xx ( Yy ZZ)]
E
.= —— [(1-
I, - O O |, | O Oul|,| %y O w = T —2v)[(1 V)€, + V(e +€,)]
o, O o. © o, O
xy Cyy xz 2z yz 2z E
0, = ———[(1- +
- 2 2 2 zz (1+V)(1—2V)[( V)e,, V(Exx+€yy)]
- oxxcyy + 00 nyozz - ny — Oy~ o-yz E £ E
o, = —¢€ 6,=—€,, O, =—=¢
Oux Oxy Ox; xy 1+v Xz 1+v *2 yz 1+y 2
Iy=10, o, o,
0. 0, O, Plane stress:
E
o, = 5 (€t Vey) & | I —v
o.=Yo. +0,_+0.) I_EV w(ZElTY !
oct = = _
3T Oy T O @y = . VZ(VEXX+E)’)’) Vo 2(1+v)
_ 1J _ 2 2 2 2 2 2 %
Toct = 3 (axx O'yy) + (ny— 0g,,) + (Gzz— o) + 6(0xy + oyz +0,.,) o = E € E.= ——(o-UC +o.)
YTy ® E - »
T=T +T .
m T d Plane strain:
- g, 0 0
o =axx+ayy+azz_al+o'2+03_ll T,,,= 0 ¢, 0 1 v
" 3 3 3t 0 0 o o (1-v) .
. E(l-v v o
zo-xx Oyy — Oy o, =¥ N €y
3 Oy Oz A+v)(1-2v)| (1-v) :
2 T -2 |U»
Gy — Oyy — O,
T, = Ty %ﬂ 0y 2(1-v)
Ev
20,, — 0,, — 0. o.=———(¢, +¢,)=v(o_ +0,
Oz Oy = 3” x (1+V)(1—2v)( wtEy)=V(O,t0,)

SF = h(Y)/ g(o,)

Q



f=7,.-Y/2=0
f=0,-Y=0
f=Toct_gY=0

2

_ 2 2 2 2 2
Toct = §A/(c)'u—t'.‘ryy) +(oyy—azz) +(0,,-0,,) +6(axy+oz+oxz)

Y

y

_ N 2 2 2 2 2 2
o, = i[(cxx—ayy) +(0y,-0,,) +(0,,-0,,) 1+3(0;, + 0}, +0,,)

1 2 2 2 1%
UO = ﬁ(axx + o.yy + Gzz) - E(o-xxo-yy +0,

nyZZ + 0, o..rx)

+ 1 ( 2 2 + 2

Eo'yz"'o-zx ny)
m

U [ N; N, . KV, Wf'dz

‘I,‘=F= Z

P& E,A; OF, G A;F,
M. oM. T. dr;
s a_ldz+-[—j ¢9—deJ
Ejlj Fi GJJJ- Fi
m
N. ON. kV. ov.
o, = (;’_U= 2[ e = dz _f_fa_fdz
i ji=1 EJAJ i (;fAj M;
M. M. T. dT.
+ | a—f +I—’ a—’dz]
EfdjoM; — 2GJ;oM,
L 2 L 2
UNZI_N dz UM:I—M dz
12E 4 V2E1
L 2 L 2
T
US=J.kV dz T J.—dz
12 12GJ
Beam cross section k
Thin rectangle?® 1.20
Solid circular® 1.33
Thin-wall circular® 2.00
I-section, channel, box-section® 1.00
_ 99 ¢
$=BF(xy) ‘==  Ow= g
*¢ %9
= —_— _—= 2
T Zjv ¢dxdy a2 +6y2 GO
z ¢ _ 2685
p/S 2G@’ -
y
h—ﬁ<—h—>'
T . 2T
\ b " bh?
l M (6.47)
0 |
bog_ T(b* + h?)
T Grbh?

e
=GJo
b 3
J = ky(2b)(2h)°
b T = —— =2G6h_
J " ken e’ ky
TABLE 6.1 Torsi 1 P s for R Cross S
b/h 1.0 15 2.0 25 3.0 4.0 6.0 10 @
kq 0.141 0.196 0.229 0.249 0.263 0.281 0.299 0.312 0.333
ky 0.208 0.231 0.246 0.256 0.267 0.282 0.299 0.312 0.333
y
Id——b—»B—b——’-l | 5 \
i —— = C33 (26)2h)
i=1
T o T (663
max J ’ GJ
Nz N
T=2) A= =2Y Aq, (6.68)
i=1  C i=1
1 qi— 4’
0=—— d dl =
64,9 , i=12,...,N (669
MyY MyX
o,= X I (74)
Iy Iy

Q
|

2
I1,~Iy,

MI +MI M1 +M1T
g = _[ y'x X xy]x+[ xly y X_)]y 1.12)

2
TN

M, = Msin¢ _ M, (y — xtana)
M, = —Mcos$ # I, — I tana
b
MxIx + M,I I —ICO[¢
tano =22 __ »x t T XY
M, + ML, T Gotd
L _hAT 1o
I, I,
N M(A-rd,) , _ Adn— A4,
% =1 Ar(RA, — A) irA(RA,, — A)
A= A; n
,-;1 Z RiAi
n R=22
Ap = Z Ap, A;

[}
-

i=1

MX



TABLE 9.2 Expressions for A, R, and A m= J'd—:‘

TABLE 9.3
Table for Calculating the Effective Width and Lateral Bending Stress of Curved I- or
T-Beams
bi/Ft 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
o 0977 0950 0917 0878 0838 0800 0762 0726 0693
B 0580 0836  1.056 1.238  1.382 1495 1.577 1636 1677
blz,/Ft 1.1 1.2 1.3 14 1.5 2.0 3.0 4.0 5.0
o 0.663 0.636 0.611 0.589 0.569 0.495 0414 0367 0334
B 1703 1721 1728 1732 1732 1707 1671 1680  1.700
b, = (pr b’ = 2b;, + tw Oy = —ﬁaag
5 5
2 2 212
pa® — pyb a*b
"= lz i ~ 22 5 (P1 — D2)
b*—a r¥(b* — a?)
Pﬂz - P;,bz azbz
Tgo = P _a +r2(b2—a2)(p1 —p2)
2 2
pia® — pyb P
0. = a2 n(bz—az) = constant
Open end: P
0,=—F
o (b2 -a’ )
r
Uclosed end) = _E-—(bz = a2)|:(1 —2v)(p;a® — pyb?)
1+ v)a*h? P
+(—2—(P1 —p)—v— (11.24)
r n
r
Uiopenend) = m[(l —)(p1a® — p,b?)
(1 + v)a?b?
T (P =pr) (11.25)
2.2
n“n“El
P"=T, n:1,2,3,..
P - n’El B fc_,, B n’E
oL’ T A (Ljr)?
r’=I/A

TABLE 12.1
Comparison of Boundary-Condition Effects
Boundary Conditions Critical Load Deflected Shape Effective Length KL
. . n’El P
Simple support-simple 2 W— = L
support L (typical) —>1
4n’El w
Clamped-clamped 122 iL
. 2.04n%El
Clamped-simple an S N—— 0.70L
support
n2El —»STN_
Clamped-free a 2L
2El
Clamped-guided "—LT ? —~— < L
. . n?El
Simple support-guided TR l q 2L
4L
Table 14.3
Formula Scale Curve
Type for for for
of Nominal t Finding
Type of Notch Load Stress P See
Tension ﬁ f 1
Bending % f 2
! i Tension L f 3
R ToL bh
N 2
§ b — —p oM
AR " Bending = f 4
b*h
b » . P
s s Tension P f 5
I :— —+- —)—»r
N M . 3Mt
BB B Bending m e 5
P
Tensi —
ension e f 6
4M
P : am
Bending e f 7
Direct 1.23v g
shear h? ¢
Torsional 2T 9
shear nbh3 ¢
5 1
)4 LA 6
/1 1/
A 2
/| ,/ A 4
pAVADZLY
4 » A A10
/ ,/, A,/' A 3
A L ,/ ,// A L
N A s 1/ 4’/ 8
2.0 78%dP>ak
4 v 2 g
V' 7 =
a é[{
I 1
1 2 3 4 5 6 7
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TABLE 15.1

Kic Critical Stress Intensity Factor (Fracture Toughness) (Room Temperature Data)

Minimum

o, Y K¢ Values for B, a, t
Material (MPa) (MPa) (MPa \/E) (mm)
Alloy Steels
AS533B — 500 175 306.0
2618 NiMo V — 648 106 66.9
V1233 NiMo V — 593 75 40.0
124 K 406 Cr Mo V — 648 62 229
17-7PH 1289 1145 77 11.3
17-4PH 1331 1172 48 42
Ph 15-7Mo 1600 1413 50 3.1
AISI 4340 1827 1503 59 39
Stainless Steel
AISI 403 821 690 77 31.1
Aluminum Alloys
6061-T651 352 299 29 235
2219-T851 454 340 32 22.1
7075-T7351 470 392 31 15.6
7079-T651 569 502 26 6.7
2024-T851 488 444 23 6.7
Titanium Alloys
Ti-6Al-4Zr-2Sn-0.5Mo-0.5V 890 836 139 69.1
Ti-6Al-4V-2Sn 852 798 111 48.4
Ti-6.5A1-5Zr-1V 904 858 106 38.2
Ti-6Al-4Sn-1V 889 878 93 28.0
Ti-6Al-6V-2.58n 1176 1149 66 8.2




TABLE B.1
Moments of Inertia of Common Plane Areas

i I, = bh¥/12
Rectangle i %@ I, = hb3/12
"0 Jo = (bh* + hb®)/12
77 o =0
s
i y I, = bh®/36
Right - L= hb*/36
Triangle A — Jo = (bh® + hb?)/36
l h/3 A Ixy — _b2h2/72

I, = nD*/64 = nR*/4

Circle I, = nD*/64 = nR*/4
Jo = nD*/32 = nR*/2
I,=0
I, = nbh®/4
, I, = mhb®/4
Elllpse JO — Rbh(hz + b2)/4
I, =0
- I, = nR*1/8 — 8/9n?)
Semicircle D I, = 7R%/8
J—r i Jo = ntR*(1/4 — 8/9n?)
4R/3n I,=0

-~
|

o = nbh*(1/8 — 8/972)
Semiellipse ///@// 2 I, = nhb*/8
i Yz Jo = nbh(h?/8 — 8h*/9n? + b?/8)

" ~—~—-| L,=0




