6.1

~ State of stress Oy =50, Ty =/0, amnd
xy =— 1S Mfa, with other compomemts
zero due To free surface. Fimd;

(&) Gy, T, Tz, retations, (b) Ty, Tonay-

Cx + O, Oy — Oy V& z
Gi, 0% = %2 yi\/( x y) ¢ T

9

. _ 50+10 _ .
Tyy = = = 30 MFa

.

2
fj-szv, (5-02—/()) + (——!5)2 = 2% MPa - 4

0,0, = 30x25= 55, 5 Ml | P

tan 260, = - 2Tyy  _ 2(=15) %—O |
" ox-0y  50-10 750

Op=—19.4° = 184 CW
16, -6|=45°, 6,=26¢(° CCW

A A

.TIO MPC(

26.6°

PN
25
AN A

30

N

1 15

|

30
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©.,p.2)

- Directioms for sketches above are obtaimed
as fFollows The directiom for the larger
of T,0% is more mearly aligmed with that
of +he larger of Ox,Ty, The positive shear
diagomal for Tz is parallel to the larger
of S7)9z- | |
(b) 03 =0
Comay = MAX (G, 0, 03) = MAX(5S, 5, 0)

Toay = 55 MPa 4
Tomey = MAX (T, T, T3) |

- |02 =05} 10y =02 10;~0%|
TnmawaAX( 22 2 J 12 3‘) 2.2 )

Tomay = MAX (2.5, 275,25) = 27.5 MPa <

Note +hat iwm this case T3 is not Tomax
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(6lyp.3) Secomd selutiom by Mehv's circle.
() O MPa
P ton 26, = =2

1y | 20
. L—‘S'O M e 18400

T’ S Mfa E5=45-6,, = 26.4°)

157+ 20 = 25

M. (50,15)

6 ‘
2.
(5,0) o

o QZ@”‘ (20,0)

— T, MPa
(55,0)

1 (10,-15)  30%*25=55,5
@) (20,-25) |

2 20
X%O\/ SNy
A<
320 |

N

5/
67)0‘27455—)5" Mpa) ’B:ZS'MPQ |

(b) Samre as a bove .
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62t068

Solutioms §or these closely parallel Yhat -For-
Prob, 6.1, Results are gives below, More
detall for some is givem om pages that

folloeo.
Prob. Oy Oy Tyy O3 T3 Oy Gs 6, deg
6.1 - 50 10 ~ -15 3000 2500 5500 500 -1843
6.2 60 0 30 30.00 4243 7243 -1243 2250

6.3 50 100 -60 75.00 65.00 140.00 10.00 33.69
6.4 120 40 -30  80.00 50.00 130.00 30.00 -18.43
- 6.5 -100 40 -50 -30.00 86.02 56.02 -116.02 17.77
6.6 -30 . -84 27 -57.00 38.18 -18.82 -95.18 22.50
6.7 70 -25 30 2250 5618 7868 -33.68 16.14
6.8 50 80 20 65.00 25.00 90.00 4000 -26.57

Prob. C3 T4 T2 Omax Tmax

6t O 250 2750 5500 27.50
6.2 0 6.21 3621 7243 4243
6.3 0 500 70.00 140.00 70.00
6.4 0 15.00 65.00 130.00 65.00
6.5 0 58.01 28.01 56.02 86.02
6.6 0 4759 9.4 0.00 47.59
6.7 0 16.84 39.34 7868 56.18
6.8 0

20.00 45.00 90.00 45.00
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. _ 30
20 Mpa tan 26, = 5

Y L0 MP
< I x ’é’cqu E,, =22,5°1%
7 Bs =45-6,,=225%)
T | M
| (20,42 4)

(O; 20) \[302‘-)-302 =424
o 30_:\:4—24 =724,-124
0, MR

On
| | 7
(124,01 0] 264 N3P |5, /(724,0)
%5
‘X

(60,-20)

(—30,424) |
22.59

Ni24 |

0,02 =729,=12.4% MPa, T3 =424 M <

(D) T3=0, Ghmay = 724 MPa <
| 10,—03) 19, -0z |0, — ‘
Tonax = MAX < gz <, ¥2 2, ‘2 2))

Tomay = MAX (6.2, 36.2,42.4) = 424 MPa
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3
Cy,2 =75 £é5 8]

5= 140 MPa_
10 MPa

03=03 = O

tam 26,,= £% , ©,=337°

— 2—03 ) \T7 -
o= MAX (B2 1) i
Tonoy = MAX (5,70, 65) = 70 MPo. <

n.35 Lz Comay = 40 MPe. 4

75 [ 10 MPa

/s 40 M Pe

T, =65 MPa is mot T,
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(73 is mot Tomaz )

G=0
) 0z=0 - |
= MAX(‘OEZ“O}J 197 -03) Jor -02\).-

) —
z =

Tomaz = MAX (15,65 50) = 65 MP 4
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6.9 G ivemn G‘y)@)o‘%)ﬁy as below, £imd :
(C) directioms |, 2,3,

Gemeralized plame stress !

o, +0 O, —0O
__x ¥ I 4 2 _
01,0p = 5 + 5 +"C_,g,——0fc3i’53

3 =0 - tan20, = ——
3 Z 9 n Gx“’cy

|0, —03]| |01—03] |07—0; |
2 ’ 2 ’ 2

Omax = MAX(6y,0,,03), Tmax = MAX(T1,7T,,13)

11,T2,T3 =

Stresses in MPa
Oy oy O, Ty O Ts G4 o7 Gs
100 140 60 80 12000 8246 20246 3754 -680.00

<4

' en deg Tq T2 Omax Tmax
-37.98 48.77 131.23 202.46 131.23

! 4o MPa 375

%8.0° __L 20 =
T

2)30 K <——J /O —TOD | /

LT 202,5
2 -60 |
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6.10 Siven C%, 0y, Tz , Txy as below, £imd !
(L) directioms |, 2, 3,

Generalized plame stress:

o, +0C G,— O |
y I 4 2
01,0y =“"“"'2““"‘"i T +’ny=0'fc3 :’L"C3
27
o3 =0, , tan26n=—xy
' ' 0, —O
x vy

|oy—063] |61—03]| |o1—0;]
115123T3= 2 » 2 5 2

_ GmaXZMAX(Gl,O'Z,G?,), 'TmaXZMAX(TlsTZaT3)

Stresses in MPa
Oy Oy G, Tyy L T3 Lo PO G O3
- 50 10 -20 -15 3000 2500 55.00 500 -20.00

4

O,deg T4 T2 Omax Tmax
-18.43 1250 3750 55.00 37.50

.,_Tio 55

/@ — 50

Z3 ~, —7L|5 | —20//
20 5
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§'1_1. Givem G—’x,} Oy, Oz, T)L)f &s bﬁiﬁw, -?i’ﬂd 4
©) divectioms 1,2,3.

Gemeralized plave stress:

oy +0, Cx =0, )
01,02=—--3—i — +T3y =03 £ T3
| 2T
6;=0,, tan20, =— >—
G, —C
x ~ Oy
|0y ~03] |0 —03] |op—0y |
Tl,Tz,T3=

2 o2 7 2

Opmax = MAX(01,072,03),  Tpax = MAX(71, 75, T3)

Stresses in MPa |
Oy Oy O Ty G.3 T3 G4 0]] G3
50 100 200 60 75.00 6500 140.00 10.00 200.00

<4

en deg T T2 Omax Tmax
-33.69 95.00 30.00 200.00 95.00

7236 ——%
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.6'_12 G’\VEM Ux} O;/) 0‘2)’7'7), @as }.'JEIOW-, "f"t‘lmala'
(a) Gy, 0‘?2_10__3, amd T, T, T3 ; (b) Crrmar ), Tomax;
(¢) direct+ipms 1,2, 3, |

Gemeralized plane stress;

o, +C 0, —0 | |
y x 9y 2 _ |
=03 13

G1,0> =—'2 + '—2 +Txy
27
03 =0,, tan20, =—2
Cx — Oy,

|0y —03]| [01-03] |61-0Gy |
2 ’ 2 ’ 2 |
| Omax =MAX(GI,02,G3), TmaXZMAX(Tl,Tz,T:;)

T1,Tp,T3 =

Stresses in MPa
- Oy Gy, O Ty O3 T3 o O3 O3
=15 90 - 30 40 37.50 66.00 103.50 -28.50 30

<4

6,deg T4 T2 Omax  Tmax
-18.65 29.25 36.75 103.50 66.00

)rch MPa
Y | =40
18.7° —>J/® f<—i5 o
2307 /T /
| 30 ¢

103.5
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6.13  Plame stress, oy =-50,0,=40, Toy =O.
(@) Fimd o7 011073) Tovayx. (b) Show t+hat
.{0;— ’)‘iymc:) a ways d; G‘Z_::O“ O}

o
a,,0 __H_z+/(g£_&) + Ty

0,0z = “502*"’"0 + / (‘502"'40)+ O =-5145

0,02 =40,—50, 03=03;=0 MPa <
%a%:Mﬁx(lgz*G.‘?} [Cy— O3] !0—,‘2"62.])“___45‘ MFQ

2 >z - P
() Tn gemeral

_ =
C'TI-) G, = Ox + Oy i\/(___crchyy) ~+- .OZ

= 2

| — 33 Oy /%%  Oy\ _
e =Z+FE(F-F)= o,

tam26,= =212y __© _ _ o
O_x-g_y G‘x—-—o-y
Hemce, +he \m-plame primcipal mprmal
Stresses are 0y and oy if Ty =0, as
the magwvitudes are +he same amnd
Ythe ayis roTation is zero. <
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6.14 for the surface straims om o steel part
of Proeb. 517, estimmate Ohmax , Tomay. STresses
calculated from Hockes Law (v~ Prob 517
are Ox =— 758, Oy=— 163,24 | Ty = 24,59 MPa;
Other compomemts zero due ‘o free surface.

. _ Ox +0y T — Oy \2 2 -
0y, 0= ———12 (“23"2—“’5*)""7@; O3 =0=0

0,0, = —~25.46x 81,67 = ~379,-167.13 MFe
O‘rmay = O : 4

— — 10 -3 107~-031 \0;-03%)
TG X 2 7 2 J 2 |
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6.15  For the surface straims om a Tialloy
Pﬂk't of Prob, 5.18, estimate ijax)/ymﬁ-x :
Stresses calculated frome Heoke's Law i
Prob, 5.8 are Oy = 522,323, 0y = 2114, amnd
Tay = 31,74 MPa; other compoments zero due
to frece surface,

o 0= o—xgo-‘y- i\/(ﬂé:ﬁ)2+715

o, 05 = 2719 % 1636 = 535,4, 20%.2 MPe

GO =0z=0C |
Tomay = 53254 MPa <4

. _ )0z -0zl 107~031 107 ~0%]
_)May“'MAx( 22 _3) ‘23) 121>

Toay = 2677 MPa N <
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5.16 d .?t-:Snm%n d= 3 (immer)
'O‘/n@a/x} "TWQ?:'?

*

450 Whﬁ"f pa'c:}fwes 7

R
9

ke
<
I
R

™

)

o = P& _ (2 MPa) (1500 mm)
©2t 25 »mm)

= 300 MPax

Ny
I

O (0&‘1‘51‘6@)) Caz-pP=~-2 MFPec ((mside)

G:’{JG}’)C’-:E ‘:'OT,GEJGJB

Imside gives t+he

{DOOP\’ largest possible

¢ Moaohrs civcle, amd
S0 covtrols Tougy:

G;nna/l:O-y = GO0 MPGQ
M hoop (y) dir.

Tomay = MAX(lO_;'U_S)) 0. -0s1 t@};%l)

2
Tomay = MAX (301,151,150) = 201 MP« 4

Tomax acts om plames roﬂ'a.'_i"@d 45
about the lomgitudimal (¥) axis,
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§'-_1._ slohewtal {ress:sl) e = [.2 MFee

75 rmom

2.5 amm

V @=o0

X-y axes are awny L dir
‘ﬁamgem‘l‘ +o sukrface,
xX=y are (\—2) priom, axes,
:(\n'Z MPa)(VE‘fmrm)
2t 2. (2.5 mmm)

= 8,0 MFe

de
g":[i’s_’ } 2-3 amd 3-| plames

-2 plame Mohis cricle
/ reduces Yo a poimt.

o

-'_'l-?- o 13

Tz= O {(outside)
Oz = —-P,:u-—-l ZMP&. ([MS)

Imside has largest possible Mohrs citrcle, comtrols,

Tonsy = MAX (192592 192051 10-.2-
Tomay = MAX(Q.6,9.£,0) = 4.6 MFPa

om amy plame 45° +o surface,
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p= IO MPa, M= 2,0 RN.-m, Fimd O}ma;y) T&Hax

Use Fg. AT7la) and A%
r2 = 40, r; :?35’} /’:2//-5 = 357 mm

6.18 C/[)qu'-emd/t?;,‘pe/. &/ = 5()) =20 M,

'f Bemd;‘m Stress
9
- —-’»'-O“—-ED'\'"M——“ highest fovr
| *T 2t T gt ‘gnest
b - favg = Yavg
G_ - G—: E_-'{ —\— - LY
Y t £ T, Tor C s/ele

T2 = S = —p (imside) , 0, =C-= 0 (outsizle)

_ fomle) (387) _ ygp MPe

2 mim

Oy

Ty =950 £ SO s T 95.0£ 203 Mra

Oy = 304,22 (T-side) , Ty == 1143 (C-side)

Comsf‘de,fr Fhe 'FDLU" Ca/ywaMq‘f‘iam.s of l‘msf’ﬂfe
GV' outside wall oan tewnwsionr or Covnpyess~
jov side of bemdimg ays,

Gy, 03,03 =0y ,0,,0; (since Ty, , Ty, Ty = 0)

|0, —03| |0j—03]| |0]—03 |
2 ’ 2 ’ 2

Omax = MAX(067,0,,03), Tmax = MAX(T1,T2,T3)

TI,Tz,'T3 =
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(6.19)10,2)

Stresses in MPa o

Location 6x,=0y Oy=0C3 0;=03 T To T3 Omax  Tmax
outside, T 3043 1900 00 95.0 1521 571 3043 152.1
inside, T 3043 1900 -100 100.0 1571 571 3043 1571
outside, C -1143 1900 00 950 571 1521 190.0 152.1
inside, C -114.3 190.0 -10.0 100.0 521 1521 1900 152.1

Uma,% = 504,32 MPos om Tewisionn side of

| .y * 4
bemedimg, same for ims/de or outside

Tmax'-: 157. ' MPCL) .'\'9'\/\51‘0’” Sid@ )f")'l"ﬁ@i”’ vzl <
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5
“r
<
)
| N
§
3

5> T = 3000 N

p =10 MFPa
dz: ?O.M/VV\ Gmaca.x; ’Trmay-': ?

40, 1= 3%, Ny = 39 mm
Pri, My  T=Tran+
* 2zt T X+ T or C side

_ Traw ———
Tay= J=21

3
]

I

A

gy = Uo Mgajif”””’“) = 190 MPa
(2 XI0® N-omm)(39mm) _ 3043
T (39 mm)> (Zomm) =143
(2 x10¢)(39) MFa

_ | — 157.0 MPa
Ty = T (24Y3 (2 O Mpe

Oz= O (outside) ; Ta=—pP=—l0MPa Limsicle)

Comsider the fouyr combimatTioms of inside
or outside wall o tevsiom o CoO P Fessiom

side c,‘:}f be.mali"vxg ,

Tx =945 MPa +
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Omax = MAX(061,05,03),  Tmax = MAX(T1,T2,73)

Stresses in MPa

* Location Oy oy o, Tyy G T3
outside, T 304.3 190.0 0.0 157.0 2471 167.0
inside, T 304.3 190.0 -10.0 157.0 2471 167.0
outside, C -114.3 190.0 0.0 1570 379 2186
inside, C -114.3 1900 -10.0 1570 379 2186

Locaton o4 G2 . O3 T4 Ty Cmax Trnax

outside, T 4142 801 0.0 401 2071 4142 2071
inside, T 4142 80.1 -10.0 451 2121 4142 2121
outside, C 2565 -180.7 0.0 904 1282 2565 2186
inside, C 2565 -180.7 -100 854 1332 2565 2186

Somax 4142 MPa om temsiom side of bemadimg,
Same for imside or outside, | 4

.T’“""‘X = 2"%,6 Mpa OMN cowp#—es.éicm sg‘da)sawe
imside o outside . | |
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.6_'2.9 _ Sloll’d Sh&{‘t} &‘f:: 25 anan ; M= 250 [\}tfw\).
T =600 Nem. Fimd Cmax, Tomay

14 —_— T‘)‘)/

SN ) . - = o

.
Gy = My , I= ? (T side, max, from NA)

(250%;0 N-mm)(I12. S'm«m) - 1L2.0 MPa
a (172, 5rmw) /4"

) |
Tey = 73‘_r CT= ’D'él.' (outside surface)

L (gooxi0?)(12.5) _
Ty = (3?/2”5)4/2 = 95,6 MPa

Oy +0y, 0x—0y, | , '
01,00 = > * 2 +’ny=0,c3i’f3, O3 =0,
|0 ~03| [01—03] |G1—05 |
11,772,733 =

2 ’ 2 ’ 2
Omax =MAX(61302963)3 Tmax =MAX(TlsT2sT3)
Stresses in MPa

Ox Oy O, Ty Gr3 T3 - 04 - G2
163.0 0.0 0.0 1966 815 2119 2934 -1304

O3 Tq T2 Omax Tmax
0.0 65.2 1467 2934 211.9 4
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6.21 - Solid shatt Olsafm eter d, momemt
M ama torque T, @) Tomy = F (d, M, T)
~ oy=0 |
I o = M. M(d/z) _ 32M
T mTAY+  wAasd
- = Tr_ T(d/z) _ 16T
[l 'ng

07,0, = ’“ZJFO— :t\/( ) , G =0

S/MC@G} :O)O—I>O) 2_40
(O) TX}/)'

I

Hemce G and 0,

O—z_ O - Cf\QT‘eV’)ﬂﬂf"ﬂe TWQZJ

05=0
| IT v;m-cyim JJ_G-cg
//nqax_MAX )}~ o

o- léM léT
"Trma/t 2[2 x -1—7-;;), ] /’TI'sz 3)

/M +Tz <

'T@ﬂx*-—

(b) d>7 Lor Tomay & 130 MFPe
/3

¢M2+T2]

o=
[’77' Twa;:
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(6,2/2 p.2) |
M=250, T=600 N'm

L
3

_ & 250,000 N-mm) + (600,000)°
d T (180 Nlpm® ( ) N'J‘W\'m>

26,940 mm | <4

Q.
|
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6.22 Solid shaf{t, ad =50 mmm, umdep

axial Joad P=200 RN amd torque T=

IS00 Nm., Fimd (a) Tomax, (b)Y Tomay -
0y =0 -

*'"1‘—_L""'O_ _P_ 4P _ F(200000N)
{_______ * A Td=" ’]T(,f;?ofmw)z

I

G_x 101,86 M Pa
- TId/2) T
T T md*/32 T wdas3
JE (1S XI08 Nmm)
To., = = 61|12 MPa
/x)’ ”7T-[5‘Omrm)3 ! “

T T3 | |
(T, Txy) Ue=0; =0

0-3 O-amx-“:a?
% |/ O 5

{OJ - Tx)’)

_ g, -0l |05 -GL) [T, — &%
Tomay = MAX (l = = > 22 3) ‘2 3’)

lmayxy = ‘2 = ’TB
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(6,22, p.2)

. . Ox + 0y Oxr -0y )% 2

0,0, = 5093%x 79.55 = |130,4%, —2%.62
Somax = 130, 5 MPe 4

Tonax = 052 = 79.6 MFR <
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6.23  sg|jd sh aft diameter d, axial load
P torgue T.

(Ci> Tomay = 'F(d) P, T)
Txy._ Ty =0

T (Ox, Txy)

| &—13'{—9 0_,4:;:;{'1_27_ O

——

&
]
O

o= Tr T d/2) _ 16T ~(0,-T
T T md+/32 T wd3 )

| _ O~ G - -
Tmazx = AX_(l l‘;2.?; 21)0-125:;_)!0—,2 @))

Notimg Mohr’s circle with G20, 0,40, 03 =0,

_0,-0: T Q2 -9, *
Tm/mx_ 2 '2 ') T}TL.: x+{”):x.tj( 7‘2_ 7 +7;>’

2
T = B+ ey = J4{E) (1)

2 2 [ET\?
_T/ma :’_H_-gi\/P +<'a—_ | 4
(b) P=200,000N, T=15%10° N-mm |
What mim d s0 Tomaz L 100 MPe?
Cammeot solve for d aboive closed Foram.,
Substitute P, T, Tomay im umits of N, mm, MPa
Solve Heratively for d=45. 3 man. <
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6.25 Thick- waiied spherical pressure uessel.
(o) Derive Tax = f(r, y 2, R, = i show
+hat overall Tomay is at R=17.

(b) Deter-mime Gy,C%, 03, a-md ’T})TZ}TS, {or
d, =100, d; =150, p =300 MPa, R=1. |
(C) f-or (b)), pla*t Gy, Of, amd Toux Us R.

a _ rs Y- |
( )q—c(“ﬁ?—s‘.—l—I) CT‘,.:—C(—-r—?Z-:-3~i> _G-I-

3 e
where C= P_: (ng,A.é(b)) wZ °r
rp*-n> k

Gy, GL-)GE' = Ce, 0% 52 C¢ (al) Tg zero)
|Gz ~ 03] |G -0 /Q_l“@.l)_G',L_~C)_V
) —
2

z g = 2
5 |
=Cl R ;o _____Q{Brz ]
Tmar = 2[?:?2 T T RS ']’" 2| Zr= |
- _ 3pri®n® As RT, Teaxl, so overall
%ay"" 3 2 ‘,
+R2*(P-%%)  Toway is at R=1. <

( C-(75 3_50)_5)%%3 = 1263 MPa

(75 )--— 39.5 MP
0 =(12¢.3MP)( 722 11 ) = 3395 MA

503

“"“‘/26 2 (753' —l):'— — 200 MPa  (-p)
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(6.25; P 2)

G- - —_
T Ty, Ty = A%l 10i-0s) |G -03

2 J 2 J 2
T, T, Tz = 3197, 3197, 0 MPa 4

¢y Calculate O, O3 , amd Tomax Tor various
R, where \=50, Iy = 75w, P = 300 MP«,

Stresses in MPa

R,mm o Or Tmax These values are
500 3395 3000 3197 lotted bel
550 2865  -1940 2402 Plotted beiow.

60.0 249.7 -120.4 185.0
65.0 223.3 -67.7 145.5
70.0 204.0 -29.0 116.5

75.0 189.5 0.0 94.7
400
"-.-‘-\-— — Gt
\ [ e — — ——
o 200 ‘1\'—* _ _‘
Q. i max
= -}
g;‘ 0 — ‘
o -
n =T o
-200 —
-
»
-400
50 55 60 65 70 . 75
R, mm
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- 6.26 Thick~walled tube with closed ewds,
(ay Dertve Tomay=f (0,12, R, P) ) show +hat
overall Twmay 15 at R=1y,

(b) Determime G, 02, O3, and "]TJ’TZ,"T;S,
for d,=80, dy =100 mm, p=|00OMPa, R=1,

(C) FOI’ (b)) P[Ot O-—r-) G__t)G_j() awnd T””‘Q'X s, R_,

Day=Lis-c  (Fghtd) o

0y, 05,03 :'6‘75) oGO0 (all Ts zero)
Ty = MAX (T3, T2, V3)

_ 102Gl _ (™ B = Ch”
/JbI’ 2 ”“'2"[—?-2-'—1‘\“\ +'-F§-_z_"""| - z

5
I
9
I
o
[
IO
=
+
~
My
d
—
H
M
Al
N

o
I
1]

'T-mmy"—‘ Chha_ pPr’n" As RT, Tomay V) 50

RZ = R%(r2-r2) overall Tanay at r}‘.'

(b) _ (‘UOMPQ)(4OMM)2 o
c= NONEIEom ) 1978 MPe = o

A :
o; =(177.3 MPa) (%r—g:;%?- - :) =455.6 MR
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(626,p.2)

50* | -
o ==1798 (22 -1 ) =~ po M (=)

0, 03,03 = 1718, 4556, —100 MPx <
T, T, Ty = 27708, 1389, 1389 MPo 4

(¢) Calculate Cx, Ty , o3 and Tomax O
various R, where vi.=40, ro=S0Omm, p =100 MFa,

- Stresses in MPa

R, mm Oy Gt O; Tmax TI/\eSe values
400  177.8 4556 -100.0 277.8

420 177.8 4297 742 2520 are plolled
440 1778 4073 518 2296 below.

46.0 177.8  387.8 -32.3 210.0
48.0 1778  370.7 -15.1 192.9
50.0 177.8  355.6 0.0 177.8

500
p— Gy
400 = — T o J—
o 300 z
% \___ max
@ 3 Oy - <
® 100
0 e
i Gf I ——
100 b= —TT
40 42 44 46 48 50

R, mm

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. . . .



6.27 Thick-walled tube, c/oses emds.
P = /ﬁOMPq) 7= '/5/?/3/'7?7} f; = SO mm,
= 4O o, Toay = 7

O

oy
% __
9

1)

z— OT""O‘ O_l-""o-?_’
’Ima;x:MAx( ,rz},-r}) MAX (lO_ G:'s’l f2_ 3’) | - )

Calculate S+k9£‘$f?s Ox, T3, Tf) Txf awah from
these o7, T3, 03, &wd T, T, T3, and
Fimally ’]':Mﬁm Do so for each of several
values of R as /m +he table follow mg,
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(6,277, 0, 2)

Stresses in MPa
R, mm Oy Gi O;= O3 Tut Oq Oy Trmax
30.0 1286 3571 -100.0 1637 4425 432 2713
320 1286 3295 723 1746 4305 276 2514
- 340 1286 3065 -494 1855 4233 118 236.3
36.0 128.6 2873 -302 1964 4198 -3.9 2250
. 38.0 1286 2710 -139 2074 4191 -194 2192
400 1286 2571 0.0 218.3 4204 347 2275

Toray decreases with R, has a miniamuma
aroumd R =28 mom, amd imcreases beyomol
the, The overal) Tona,= 2713 MFa at 1. 4

400
S
[o]
o -
= 20002
B Oy ‘
8 100
N .
0 E—
] ."?"T‘__,__-__M
100 bee—=—"1 ‘
30 32 34 36 38 40
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6.28 T hick-walled +ibe  closed ends
=50 MPa |, T = /ZS'/?N'M"/Z SX/De /\/O?ww
=25, I’Z“‘45f'm"m (a) Tonay = ©

O% TR
' | 1= — 1T 4 _ %
: o T F )2 7k ")
/\*,j__ T= 5,929 X/0% mm*
Ox *t _ pnR* | .
Ox= 7.y 2 jRV-awes
V-ZZ. ) B _ rz‘z.
Gp=0x (B2+!) , v = -ox(Z,)
O, = 05
2
_ Sx +S% (______G-Xm(rﬁ)—r P
03 = > :L'./ > Lt

oG 1,1q ~031 | & — o)
Tovaxy = MAX( =) = ' 2)

For several R from rtory | calculate
Oz, O, Sy, and Ty¢ , them 0,,7; , 03 awdl
f!’)’\dl 14 Txynay.

Stresses in MPa

R, mm Oy Oy G, = O3 Tt oF s Tmax
25.0 223 946 -50.0 536 123.2- 6.2 86.6
275 223 82.1 374 - 580 1183 -139 77.9
30.0 22.3 725 -27.9 64.3 11656 -216 722
325 22.3 65.1 -20.5 69.7 116.6 -29.2 72.9
350 223 59.2 -14.6 75.1 118.1 -38.5 77.3
375 22.3 54.5 -9.8 804 1204 -436 82.0
40.0 22.3 506 -59 85.8 1234 -505 87.0
42 5 22.3 47.3 2.7 912 126.8 -57.2 92.0
45.0 22.3 44 6 0.0 96.5 1306 -83.7 97.2
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(’65,?253 FJ,E?)

Tmay £irst decreases with R | thewn reaches
a mimimum, and wmckease_s +o a
max imiani alue of 47,2 MPa at <

R=VY,,

(b) Plot Ox, T, Oy, Tyt, and Tomay, all
versus R, |

- \
Tt =
o
=
o 0 E——
M
- ﬂ’{f
-50 — —
25 30 35 40 45
R, mm
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6.29 ROTQT:‘M@ amnula obzsc, Fg, A9, =90,
o= 300, t=50 mm , £=120 rev/s, of alloy steel.
(@) Calculate and plo‘t O amd 0 versus K.
(b) Fimd amnd lpcate O_W?f_) Tmay

() Show that Guiayx , Tmrax always at R=1H.

() For various 2= R/, calculate T Ty
Egua‘l‘:@rm,s awd details +or szrz afe
be/OW} awnd results am&/ﬂ/()‘l‘ om the mexT LG,

C(.“'—“'?‘l/rz, Z.=R/7"2

3 [ 2 |
G, —Po)zrzz(—;v][Haz—zz—a J

3+v | 1+3v 5
= p0’rs (_]LHO@ - z? +%~J

G, =0 (plane stress)

| Mg 1000k N rad
pa’r? =|7.87—2x——Ex—— [12059-Y-x2n3——) (0.300 m)2
m Mg - kg-m/s s Tev

N
pa’rs =402.7x10° — = 402.7 MPa
m

(b)) Since T4 are Z2ero O'?_)'G“_HQ‘ =3,0z,0z

T mray = 232379 MPa at immer wall. |
. | O -—b‘l |G, -G3) 1G,-02\\ _ G}
= WAL, 1952, 1)
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| (6,2‘7) P2)

¢ ro f R z o, ot
mm mm  cycls | mm R/r, MPa MPa
90 300 120 90.0 0.300 0.0 337.9

1040 0.347 366 2934
1180 0393 586 2624

P vV« 132.0 0440 715 2394
_gfem’ __nin 146.0 0487 784 2212
787 0293 0.30 160.0 0533 811 2062

1740 0580 80.6 193.2
1880 08627 776 1815

® Jnm  prie? 2020 0673 726 1707
rad/s mm  MPa 2160 0720 660 160.4
754.0 164.3 402.7 2300 0767 57.9 1505

2440 0813 485 1406
R | 2580 0.860 37.9 1309
P, v from 2720 0907 263 1211
TJables 3.1, 5.2, 2860 0953 136 111.1

| 3000 1.000 0.0  101.0

& 250 | \
= 200 S tangential, 6, ——
8 150 [ \\\
& 100 [ radial, o, -
50 fr —

O 3/ i1 el 11 it i1 P \JE
90 120 150 180 210 240 270 300
R, Radius, mm
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(6.2, p. 3) -

() From equatiom for Oy , omly - 2% amg
X*/Z? vary. Both decrease with R, so that
Oy also decreases. Thus, 6y is maxjimum at

R=1,. Also (CT -Op) is alway s p&s/z‘z(fe, (see
below), so that Cp >y for all R.

\ Z
Lo = pwip (2 [.. 2 (1+37 _,) >

2 + 2/ 2 2(1-7) 2‘.
0 -0y = FWih (38 )[2 3+72 "‘253:z

which s always positive as (>2.
Hemce Snay 15 c;\\u)ay_s O at R=1r. |

Note +hat G is mever negative, Jo shoew
+his, substitute for £ amd 2 (7 Cp,

d—r:FW1r11(3;y>[(R -V )(rz ’1)]

*R*=

Simee O >0 also, 0L >0, amd
' T — Sy -0 I |- _
. /T/ma’z:MAX(i -0l 10r V' )—"2{;

2 /2

Hemce, Tomay OcCUFS ot R= Y‘, whe re U, is
ma sy i mum, <

(The above logic applies for plame stress,
Sx =0, Extemsion +o pla me strainm is meeded, )
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6.30 Kewovrk Frob 6.4 usimg cubic egn., f7/md
directiom cosjmes , and show egquivalemce wor'th
avxis rotations The eguatioms meeded

are below, and results om pages folloewimyg.

Obtain cubic equation.

[} =0, +0,+0,

I =0,6,,+06,0;, +G,04 wfcjzcy »'cf,z _,czzx.

I3 =0,6,0; +27,,T,,1T ~6,12, -G 'cf,x—ozfc

2
xyvyzizx ~ Oxtyz 79y Xy

0'3 —0'2[1 +012 —I3 =0

Solve for the three roots, 6y, 6, , and 63, and then apply :

|62 —03| |0j—063| |o1—0y |
2 ’ 2 > 2

Omax = MAX(61,06,,03), Tmax = MAX(T{, Ty, T3)

' Tl., Ty,T3 =

For each 6;, solve for direction cosines /;, m;, and n;.

(Gx —Gi)li T + T 0 = 0

xy

"'cxyl,-+(c —0;)m; +7T,,n; =0

yz

T ol —H:yzm,- +(6, —6;)n; =0

l,-2 +m1-2+n,-2 =1
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(.30 p.2)
Plot cubic to Fimd a}pprﬁpfimm:ffe. roots, them
colve for each [teratively by imvoRimg -f(G'J':': O.

Stresses in MPa

Oy oy o, Try Ty To
120 40 0 -30 0 0
Invariants | Principal stresses
l4 I2 I3 i Oj f(o;)

160 3,900 0 1 130.000 0.00000
2 30.000 0.00000
3

0.000 0.00000

fo)=06" —c?I; +6ly— I3

G f(o) o f(c) G f(c)

-55 -864875 30 0 115 -146625
-50 -720000 . 35 -16625 - 120 -108000
-45 -590625 40 -36000 125 -59375
-40 -476000 45 -57375 130 0
-35  -375375 50 -80000 135 70875
-30 -288000 55 -103125 140 154000
25 -213125 60 -126000 145 250125
-20 -150000 65 -147875 150 360000
-15 -97875 70 -168000 155 484375
-10 -56000 75 -185625 160 624000
-5 -23625 . 80 -200000 . 165 779625
0 1] 85 -210375 170 952000
5 15625 90 -216000 -

10 24000 95 -216125

15 25875 100 -210000

20 22000 105 -196875

25 13125 110 -176000

30 0 115 -146625

K2 G2 ~ O3 T4 >3 T3 Omax Trmax

130.00 30.00 0.00 15.00  65.00 50.00 130.00 6500 «
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(6.30) 19, 3)

600,000 -

400,000 -

200,000 -

~400,000 -

-600,000 -

Tm this case , the cubic can alsp e solied
without teratiom.

G3—-160c? + 39000 =0
(T-120)(0T=30)0-0) =0

=130, 02.=30,03=0 MPFa RN
'Dl'r-ecﬁofm cosimes are calculated as om the
mext page. These agree with 6,,= [%.4°CW.
\oz

19.4°
0949

0.3l6

#,3 O x
O-m\
| 0.949 \
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(6.20, 5,4)

For 6; =130.0 MPa, solve for direction cosines /;, m;, and r;.
(120 — Gl.)ll - 30m1 + Onl =0
- 30]1 + (_40'—61 )m1 + 0?21 =0

Oli +0m1 +(0—61)n1 =0

112 + m12 + ni2 =1
h my 4 o
-0.9487 0.3162 0.0000 | 4

For 6, = 30.0 MPa, solve for direction cosines /5, m;, and n,.
(120 — 0y )12 — 30m2 + 0?12 =0
— 30]2 + (40—62 )m2 + 0?12 =

0]2 +0m2 +(0—62)n2 =0

122 +m§ + n% =1
|2 ms . Ny . .
0.3162 0.9487  0.0000 4

For 6; = 0 MPa, obtain direction cosines /3, m3, and n3

from cross product : (I3, m3, n3) = (l1, my, n)X(lp, my, ny)

I3 mg N3
0.0000 0.0000 1.0000 ' |

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 pedagoglcal purposes
- -and-the needs of other |nsfructors who-rely.on these materials..



6.31 Re work FProb, €.11 MS/‘mg cubjc egua]"('om,
-F/‘Md Of/‘lfecfio"m COS/*ME’S’,.CZ/MQ‘ S}’wbu egu/'/{(fa-—
leace with ayis rotatiows. The eguat/oms
needed are below, and pesults followo,

Obtain cubic equation.

Iy=06,+0,+0,

y
_ 2 2 2
12—cx0y+cycz+ozox—'tw—tﬂ—'czx
I GGG+2’ET’E 01:2—01:2—-01:2
37 Y yz xtyz  Vytzx T Vzlxy

03—6211 +01ly—13=0

Solve for thé three roots, 0y, 0>, and 03, and then apply :
|02 —03| |01—03] |01—0y |

2 ’ 2 ’ 2 |
‘ GmaX:MAX(Gl,Gz,G:;), Tmax —_—-MAX(TI,’Cz,’Cs)

TI,TZ » T3 =

For each 6;, solve for direction cosines /;, m;, and »;.

(Gx _Gi)li +7T m; +7Tn; = 0

xy

Txyli +(Gy f-G,-)ml- 'f'TyZni =0

szli +’tyzm,- +(GZ —G,-)ni =0

l,-2+m,‘-2+n,-2 =1
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(é, 31) P.2)

Plot cubic To £imd a/d/owm'fméfc: Focts, thean
solve for each iteratively by im vokimg £(c) =0,

Stresses in MPa

Oy Oy O Ty | Tyz Tx
50 100 200 60 0 0
Invaria'nts_ Principal stresses
| 1 |2 |3 i G f(Gi)

350 31,400 280,000 1 140.000 0.00000
2 10.000 0.00000
3

200.000 0.00000

f(G)-‘—"0'3 —0'211 +(512 -—13

o f(c) ) f(o) c f(o)
-10 -630000 75 528125 160  -120000
-5 -445875 80 504000 | 165  -135625
0 -280000 85 474375 170  -144000
5 -131625 90 440000 175  -144375
10 0 95 401625 180  -136000
15 115625 100 360000 185  -118125
20 216000 105 315875 190 -90000
25 301875 110 - 270000 195 -50875
30 374000 115 223125 200 0
35 433125 | 120 176000 205 63375
40 480000 . 125 129375 . - 210 140000
45 515375 130 84000 - 215 230625
50 540000 135 40625 - 220 336000
55 554625 140 0 225 456875
60 560000 145 -37125 - 230 594000
65 556875 150 -70000

70 546000 - 155  -97875

75 528125 - 160  -120000

G G2 O3 T1 12 T3 Omax Tmax

—140.00 10,00 __200.00 _95.00 _ 30.00 _65.00 200.00 9500
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(6.3] ,p.3)
600,000 -
400,000 —

200,000 -

fal
| A" J

-40
-200,000

-400,000

-600,00

Tay Hars case | the cubic cam also be solved
without rteration. Substi+ute imto Eq. 6,26.
(56-G) cO o |
6O (I0D0O-0)  © =0
O O (200 —07)

oo -o)|5o-cNip-0) - 3600] = O

(200-T) (%= 150 6 + \400) = O

(200~ T) (G- 140)(T-10) = O

G, = 140,08, =10, 03 =200 MFe 'Y

Direction cosimes fromm mext page agree
with 6,,=32.7° CcWw. y ,
" 33,7° 0.832 <

0,555
® 9’4 032

2\é\__/ﬂ 0,555
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(6'3'2 PA')

For 6, = 140.0 MPa, solve for direction cosines /;, my, and ;.
(50— ) +60m; -+ 0y =0

601; + (100 — Gy )m; +0my =0

0y + Oy + (200 — 6y )y = 0

112 + m12 + n12 =1
o my n4 _
0.5547  0.8321 0.0000 | 4

Fof G, =10.0 MPa, solve for direction cosines /5, my,and ny.
(50~0,)i5 +60my +0ny =0

601, + (100 — Gy )my + Oy = 0

0/5 +0my +(200—~0G5 )1y =0

| l%+m%+n% =1

b | ms; Ny
-0.8321 0.5547 0.0000 | | <4

For o3 = 200 MPa, obtain direction cosines /3, m3, and n3

from cross product : (I3, m3, n3) = (Iy, my, n))X(l5, my, ny)

|3 ms N3
0.0000 0.0000  1.0000 | | 4
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632 Oy, Q— y Oz, Txy presemt. Tya = Tax =0
Show +hat Eci .27 reducesto Egqg, é. ’7
and 63 . Usimg the deteromimant :
(O‘ymO*) Ty O
Tocy (03, ~07) O = O
O | ® (‘cr -0)

(0% cr)f(c -0‘)(03,—0‘) Yy]

0o = OC=03 is ome root | <
(Ox-c)(oy-0)~ T,” = 0 |

O G'y--O‘O“y—-O‘O‘x +0*~ Ty =0

G = 0 (0x + T3 ) + (0% Ty ~Ta*)=0

- Apply quadratic Loramula

(Tx +0,) %/ (Cx +7; )—H(T - Ty’

The remaimg two rocts are thus:

G = O_xz—}-U'y i/(Gzz )’) + ’Txy O'!‘)o‘z
| <4
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6.33 to 6.39 Foreach givem state of stiress,
'F"Md (a) G—l )Gz:) G:?; and ’77) TZ) ’rs ) (LY Srmax
amd Tomax, and () 1,2,3 divection cosimes,
Employ Egs, 61820,25, amd 28-3]:

Obtain cubic equation.

I} =0, +0,+0;

I =040, +0,0, +0,0, —'riy —'cf,z —-'ch
I3 =6,0,0, +2'cxy'cyz'czx —o_x'tf,z —Gy'cﬁx —Gztiy

03 —GZII +(512 “13 =0

Solve for the three roots, 6y, 6, , and 63, and then apply :

|02 —03| |0y—03]| |01—05 |
2 ’ 2 ? 2

Omax = MAX(0],02,03),  Tax = MAX(Ty,73,7T3)

T1,T2,T3 =

For each o;, solve for direction cosines /;, m;, and n;.
(Cx =0 )i + Ty +Txm; =0

Txyli 7(Cy —0;)m; +1,,m; =0

¥z

Toldi +T,,m; +(0, —6;)n; =0

yz

l,-z—}'—m,-2+n,‘-2 =1
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6.33 forgivemstale of stress, £imd +he
rools U7, 03,0z of Eq. 6,29, Them Egs, 6.13 amd
6,20 give T, T2, T3, and Tay, Results follow:

Stresses in MPa

Oy Oy (s 8 Ty Tyz Tox
-40 100 30 -50 12 0
. Invariants Principal stresses
I P I3 i Gi - floy)

90 -4,.844 -189,240 1 117.517 0.00000
2 28.664 0.00000
3

-56.180 0.00000

f(O')Z&—O'211+012—I3

o f(o) o f(o) G f(o)
-80 511240 5 162895 90 -246720
75 -375585 10 132800 95 -225815
70 -255680 15 99705 100  -195160
65 -150775 20 64360 105  -154005
-60 -60120 25 27515 110  -101600
-55 17035 30 -10080 115 -37195
-50 81440 35 -47675 120 39960
45 133845 40  -84520 125 130615
-40 175000 45 -119865 130 235520
-35 205655 o 50 ~152960 135 355425
-30 226560 55 -183055 140 491080
25 238465 60 -209400 145 643235
-20 242120 65 -231245 150 812640
-15 238275 70 -247840 155 1000045
-10 227680 75 -258435 160 1206200
-5 211085 80 -262280

0 189240 85 -258625

5 162895 90 -246720

O4 Oz O3 T4 T2 T3 Omax Tmax

117.52 2866 -56.18 4242 ©66.85 4443 117.52 8685 '4
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(6,33) p.?)

600,000 -
] f(o)
400,000 -

-80 -40 ) 80 120 160
-200 ’ 000 - o, MPa

-400,000 -

-600,000 -

P)ot cubic to {imd approximatle reots ,Hhem
solve for each iteratively by imvolR imq f@)=0.

Then +he directiom cosimes for the ), 2,3
primeipal ayes are obTaimed from Egs €.25
é%()wndégl Details are om the mexl page.
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(6.33, p, 2)

For 67 =117.52 MPa, solve for direction cosines /;, m;, and ny.
I(—4O — oy —50my +0n; =0

-504 +(100 -0y )m; +12m =0

011 +12my + (30 -06))m =0

_112 +mi +n? =1
Iy my ny

-0.3000 09451 0.1296 . <

For 05 = 28.66 MPa, solve for direction cosines /5, m,, and n,.
(-40—-05)l5 —50my +0ny =0
=50, + (100 —05)my +12n5 =0

0, +12my +(30—-0G5)n, =0

15 +mb +nd =1
I Mms Ny ' ' : .
0.0803 -0.1103 0.9906 |

For 03 =-56.18 MPa, obtain direction cosines /5, m3, and 73

from cross product: (I3, m3, n3) = (}, my, n)X(ly, m,, né)

s m; N3
0.9506 0.3076 -0.0428 |
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6.34 For givem state ef stress, £/md +he roots
0,, 02, 03 of Eg, 6.28 Them Eqgs, 6.1% and
620 g ive T,, Ty, T3, and Tomaw, Results follow

Stresses in MPa

Oy o, o, Ty Ty T

0 0o 0 0 100 100
Invariants | Principal stresses

4 . lz Iy i Gi (o)

0 -20,000 0 1 141.421 0.00000
2 0.000 0.00000
3

-141.421 0.00000

£(0) =6 —21, +61, ~ I

o () s fo) s fo)

-200  -4000000 -30 573000 140 -56000
-190  -3058000 -20 392000 150 375000
-180  -2232000 -10 199000 160 896000
-170  -1513000 0 0 170 1513000
-160  -896000 10 -199000 180 2232000
-150  -375000 20 -392000 190 3059000
140 56000 30 -573000 200 4000000
-130 403000 40 -736000 |

-120 672000 50 -875000

-110 869000 60 -984000

-100 1000000 70 -1057000

-90 1071000 80  -1088000

-80 1088000 90  -1071000

70 1057000 100  -1000000

-60 984000 110  -869000

-50 875000 120  -672000

-40 736000 130  -403000

-30 573000 140 -56000

04 " Og G3 Tq T2 T3 Omax Tmax

141.42 0.00 -14142 7071 14142 7071 14142 14142 4
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© 2,000,000 -
f(o)

-1,000,000 -

-2.000,000 -

PloT cubic to Fi/md approximate roots,them
solve for each (teratively by imvoRimg fo)=0,

T +his case the cubic ca-n be solved with-
ouT trerotiom. |

G *- 20,0000 =0

(T—=100yZ Y (T+100yZ)(0-0) =0 -
C,=14142,33; =0, 0= —4142 MP=

Themn +he direction cosimes for +he l,2, 3
prt'mcipal axes are Ob‘l‘az‘meq froma Eg s,
615,630 and 6, 3. Detarls are om the
mert page. '
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(.24 p.2)
Foro; =141.42 MPa, solve for direction cosines I, my,and ny.
(0—o1)f; +0my +100n; =0
01} + (0~ 0y )my +100m; =0
100; +100m; +(0—0; ) =0

112 + m;z + n12 =1
I my Ny
0.5000 0.5000 0.7071 ' ' ‘

" For 0, = 0 MPa, solve for direction cosines /,, m,, and n,.
(0-03)i3 +0my +100n; =0
0/, + (0—62 Ymy +100n, =0
100/, +100m; +(0—0,)ny =0

122+m§+n% =1

I msz 17
0.7071 -0.7071 0.0000 o 4

For o3 =—141.42 MPa, obtain direction cosines /3, m3, and 73

from cross product: (I3, m3, n3) =}, my, n))X(l5, my, ny)

ks fn3 n3
0.5000 0.5000 -0.7071 : 4
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6.35 For glves state of stress, fimd the roots
Ci, 03,03 of BEg, 6.2%. Them Egs. 618 and .20
give T, To, T3, and Tax, Results folloeo:

Stresses in MPa

Oy oy o, Tyy Tyz Ty
0 0 50 0 300 300
Invariants Principal stresses
14 I, I3 i o flo)

50 -180,000 0 1 450.000 0.00000
2 0.000 0.00000
3

-400.000 0.00000

| f(G)=03 —(7211 +0]2 —13

c flo) G flo). o f(o)

-500  -47500000 160 23424000 180  -28188000
-480  -35712000 . -140 21476000 200  -30000000
460  -25116000 120 19152000 220  -31372000
-440 = -15664000 -100 16500000 240  -32256000
420  -7308000 -80 13568000 | 260  -32604000
-400 0 60 10404000 280  -32368000
-380 6308000 -40 7055000 300  -31500000
-360 11664000 220 3572000 320  -29952000
-340 16116000 -0 0 340  -27676000
-320 19712000 20 -3612000 360  -24624000
-300 22500000 40 ~7216000 380  -20748000
280 24528000 60  -10764000 400  -16000000
260 25844000 80  -14208000 - 420  -10332000
=240 26496000 100  -17500000 440  -3696000
=220 26532000 120  -20592000 460 3956000
-200 26000000 140  -23436000 480 12672000
-180 24948000 160  -25984000 500 22500000
-160 23424000 180  -28188000 520 33488000
C1 (o7 O3 T1 T2 T3 O max Tenax

450.00 0.00  -400.00 200.00 425.00 225.00 450.00 425.00 <
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40,000,000

] fe

480 [ -360 -240

-120 ¢ 120 240 360 f480 600

-20,000,000 -

40,000,000 -

Plot cubic 4o €imd appreximate roots, them
solve for each (teratively by mz/a?:mg £a)=0,

T this case vhe cubic can be sclved uatih-
out iteration,

03— 500 —186,0000 = O
(6"—450){a‘+4-oo‘;(0-o) =0

T\ =450, 0 =0, Oz = —400 MFPa <
Tlnea« +he d[rec;‘l"c'om cosimes Sor the |, 2,3

orivcipal axes are obTaimed fromi Egs,
6,25, 0.30, amd 6¢.31, Details are on the mext,

Page

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 lnsfructors who rely on these materials.. .. ...



(6.35, 0.2)

For 6 = 450.00 MPa, solve for direction cosines /1, my, and #;.
(0—oy)l + O0m; + 300}11 =0

0} +(0—0y)m; +300n; =0

300 +300m; +(50—01)n =0

| 112+m12+n12 =]

l4 m, nq
04851 04851 0.7276 | 4

- For 0, = 0 MPa, solve for direction cosines /5, m,, énd ny.
(0=0,)l +0my, +3001, = 0

0/, + (0—62 Ymy +300n, =0

I30012 +300m, +(50—-05)ny, =0

12 + m% +n2 =1
I my n; '
0.7071 -0.7071- 0.0000 _ \

For o3 = —400.00 MPa, obtain direction cosines /3, m3, and »

from cross product : | (I3, m3, n3)=(l1, my, n)X(l», my, ny)

I3 ms Ng .
0.5145 0.5145 -0.6860 4
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6.36 For givem state of stress, fimd +he rocts
Ty,02,0: of Eq, 628 Themn Egs, c.1% amnd 6,20
give T, Ta, Tz, amd Tomay . Results follow:

Stresses in MPa _
Oy Oy o Tyy Tyz Tox

65 -120 -45 30 0 50
Invariants Principal stresses
l4 P b i O; f(o;)

1 88.107 0.00000
2 -62.469 0.00000
3 -125.638 0.00000

-100 -8,725 691,500

fo)=0" —c*I; +0ly — I3

o . f(o) o f(o) R f(c)

-180 -1713000 =61 -14156 58 666038
-173 = -1366892 -54 -86214 65 -561500
-166 -1061846 -47 -164348 - 72 -428052
-159 -795804 -40 -246500 79 -263636
-162 -566708 -33 -330612 86 66194
-145 -372500 -26 -414626 93 166332
-138 -211122 : -19 -496484 100 436000
-131 -80516 12 -574128 107 744868
-124 21376 -5 . 645500 114 1094994
117 96612 2 -708542 ' 121 1488436

-110 147250 9 -761196 :
-103 175348 16 -801404

-96 182964 23 -827108

-89 172156 30 -836250

-82 144982 37 -826772

-5 103500 _ 44 -796616

-68 49768 51 -743724

61 -14156 58 -666038

G4 G2 O3 T1 T2 T3 * Omax Tmax

88.11 -62.47 -12564 31.58 106.87 = 75.29 88.11  106.87 4
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800,000 -
| f©

400,000 -

-800,000 -

-1,200,000 -

Plot cubic to fimd chprax jmate roots, Hhem
solve €or each iteratively by impoking (@) =0,

Then the direction cosimes forthe |, 2, 3
primejpal aves arve obtaimed Sroon Egs,
£25,6.30, amd 6,3), Details are omwthe
mext Page.
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(6.36, P.3 )

For 6) = 88.11 MPa, solve for direction cosines /1, my, and n;.
(65—07)]; +30m; +50m =0

30/, + (=120~} )my +0my =0

500 +0my +(—45—0)n =0

112+m12+n12 =1

. by my Ny
0.9277 0.1337 0.3485

For 65 = ~62.47 MPa, solve for direction cosines /,, n,, and n,.
(65—6,)l5 +30my + 501, = 0 |
30/ +(—120—-05)my +0ny =0

50/, + 0.m2 +(—45-065)ny =0

122'+m%+n:2Z =1

Iz - m; Nz
0.3251 0.1695 -0.9304 | 4

For o3 =—125.64 MPa, obtain direction cosines /3, m3, and »;

from cross product: (I3, m3, n3) =, my, n))X(l5, m,, né)

la _ ms Ny .
0.1835 __0.9764 __0.1138 d
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6.37 For givem state of stress , Fimd +he rocts
o7, 02,03 of Ei 6.28. Them Egs, 618 amd 6,20
give T, T2, T3, and Tppay. Results follow:

- Stresses in MPa

Ox Oy Gz Txy yz Tax

25 50 40 20 -30 0
Invariants : Principal stresses

I I ls i o flo)

115 - 2,950 11,500 1 79.866 0.00000
2 30.397 0.00000
3

4.737 0.00000

f(0)=03 —0'2.[1 +0]2 —13

S f(c) s flo) s fo)

-20 ~124500 31 774 82 8508
17 -99798 - 34 4836 85 22500
-14 78084 37 9132 88 39012
-11 -59196 . 40 -13500 91 . 58206
-8 42972 43 17778 94 80244
-5 29250 46 -21804 97 105288
2 -17868 49 -25416 100 © 133500
1 . -8664 52 -28452
4  -1476 55 -30750
7 3858 58 -32148
10 7500 61 32484
13 9612 | . 64 -31596
16 10356 67 29322
19 9894 70 25500
22 8388 73 -19968
25 6000 76 -12564
28 2892 79 -3126
31 774 82 8508
Gy G2 O3 Ts T2 T3 Omax Tmax

79.87 30.40 4.74 1283 3756 2473 79.87 3756 4
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FPlot cubic +o £imd approximate rects, +heam
solve Lo each feratively by imvokimg
L(@)=0, |

Thea the directiom cosimes Sor +he l,2, 3
primcipal aves are cbtaimed from Egs,
6.25, 6.30, awvd 6,.3] . Deta/ls are om +he
me+t page.
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(6.37,.3)

For 6y = 79.87 MPa, solve for direction cosines /;, m, and n;.
(25-01); +20m; +0ny =0

20l + (50 —0y)my —30n; =0

0/ =30m; + (40 -6 )n; =0

112+m12+n12 =1

02796 = 0.7672 -0.5773 2

For 6, = 30.40 MPa, solve for direction cosines /;, m;, and n,.
(25—;02)12 +20m5 +0ny =0 N
20y +(50—~05)my —30ny, =0

0/ —=30my +(40—03)ny =0

122+m%+n% =1

l> ms; L : '
07488 02021  0.6312 | 4

For 63 = 4.74 MPa, obtain direction cosines /3, m3, and 75

from cross product : (I3, m3, n3) = Iy, my, n))X(ly, my, ny)

13 Mms Na
0.6009 -0.6088 -0.5179 . 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.
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1 6.38 For t+he givem state of stress, £imel +he
roots cr,)o-z)og of Eq. ©.2%8. Thew Egs, 6.1% and
620 give T,, Ty, Tz, and Tomay. Results fellow:

Stresses in MPa

Gy Oy G, Txy Tyz Tx
82 16 40 15 -5 22
Invariants . Principal stresses
I‘I l2 I3 i G f(O'i)

138 4,498 30,386 T 93.265 0.00000
2 35.577 0.00000
3

9.158 0.00000

f(0)=06 -0’1 +61, - I3

o (o) 1] f(o) o f(o)
-20 -183546 31 6225 82 -38094
-17 -151647 34 2322 ' 85 - ~-30981
-14 -123150 37 - 2229 88 21762
-1 -97893 40 = -7266 91 -10275

-8 -75714 43 -12627 94 3642

-5 -56451 46 -18150 97 20151

-2 ~39942 49 -23673 100 39414

1 -26025 52 -29034 103 61593

4 -14538 55 -34071 _ 106 86850

7 -5319 58 -38622 109 115347

10 1794 61 -42525 : - 112 147246

13 6963 64 -45618 115 182709

16 - 10350 67 47739 118 221898

19 12117 70 -48726 121~ 264975

22 12426 73 -48417 124 312102
- 25 11438 76 -46650

28 9318 79 -43263

31 6225 82 -38094

G4 (2 C3 T4 T2 T3 Omax Trmax

93.27 35.58 9.16 13.21 4205 2884 9327 4205 <4
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(6.3%, 2.2)

60,000 -

(o)

30,000 -

-30,000

-60,00

Plot cubic o €imd apprexiomate roots,
thew solve €or each iteratively by impoRimg

L)Y =0.

Thean the direction cosimes for the 1,2, 3

primcipal oxes are obtaimed $rom Egs, 6,25
630, amcl 6.31. Details are o the mext page,
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(6.38, p.2)

Foro; = 93.27 MPa, solve for direction cosines /;, my, and #;.
(82—-0y)f; +15my +22m; =0

154 +(16—0y)m; —5n =0

221 =5m; +(40—063)m =0

112 +ml2 +nl2 =1
- AL Ny
09182 0.1547 0.3647 | <

For G, = 35.58 MPa, solve for direction cosines I, m5,and n,.
(82—065)l5 +15my +22n, =0
1515 + (16 ~ 65 )my —5ny =0 |

220y —5my + (40— 0y )y = 0

13 +m3 +n3 =1

|2 m2 n2 .
02706 04276  -0.8625 4

For 63 = 9.16 MPa, obtain direction cosines /3, m3, and n;

from cross product : (I3, m3, n3)=(}), my, n))X(l>, my, ny)

|3 _ ms N, . '
-0.2893 0.8906 0.3508 <
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6.39 For givenm stote of stress , fimd +he rrocts

0y, 03,03 of Eq, 6.28 Thew Egs,

6.1% and 6.20

g.{‘l/'e ’7',')’1'2)’1}) anel ?./)’V}an. 1?65‘4""5 ‘FO“OW:

Stresses in MPa

Oy Oy Lo Tay Tyz Tox
10 20 -10 - =20 10 -30
Invariants Principal stresses
. l2 l3 i O; f(ci)
20 -1,500 -5,000 1 48.695 0.00000
2 3.218 0.00000
fo)=0" —6°I{ +06l, — I3 3 -31.913 0.00000
4} flo) o f(o) o (o)
-60 -193000 9 16151 42 -19192
-57  -159673 -6 13064 45 -11875
-54 -129784 -3 9293 48 -2488
-91 -103171 0 5000 51 9131
-48 -79672 3 347 54 23144
-45 -59125 6 -4504 57 39713
-42 - -41368 9 ~9391 60 59000
-39 -2623¢% 12 -14152 63 81167
-36 -13576 15 -18625 66 106376
-33 -3217 18 -22648 69 134789
-30 5000 21 -26059 72 166568
-27 11237 24 -28696 75 201875
-24 . 15656 27 -30397 '
-21 18419 30 -31000
-18 19688 33 -30343
-15 19625 36 -28264
-12 18392 39 -24601
-9 16151 42 -19192
C1 7 O3 T1 LY) T3 Omax Trmax
48.70 3.22 -31.91 1757 4030 2274 48.70 40.30 4
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(6239, p.2)

60,000 -
] o)

-60,000 -

Plot cubic to £imd approximate roots, +hem
solve Lor each iYeratively by jmyolrimg E(O‘) 9)

Themn the directiom cosines for ¥he 1,2, 2
Primeipal axes are obtaimed fromw Egs,
615,630, and .31, Detalls are o~ the
me’y.t page
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(.29, P 3)

For 61 = 48.70 MPa, solve for direction cosines /;, my, and n;.
(10 =6, )l; —20m; —30n; = 0 |

— 20/, +(20— 0y )m; +10n; =0

—300 +10m; + (-10—06))m =0

112 + mlz + n12 =1
11 . m1 ny :
0.6574 0.6116  -0.4402 4

For 65 = 3.22 MPa, solve for direction cosines /5, m,, and n,.
(10—05)ly —20my —30n, =0

— 20l +(20—065)my +10n5 =0

~300y +10my + (10— )y, =0

l%_ + m% + n% =1
. !2 m- 17 '
04488  0.7870 -0.4232 4

For o3 = —31.91 MPa, obtain direction cosines /3, m3, and n3

from cross product: (I3, m3, n3) = (I}, my, m)X(ly, my, ny)

I3 My N,
0.6053 0.0807 0.7919 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.
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640 oy 0% =90, 0y =130, Tz =-60 MPz, with
Tyy= Tya="Tax =01 (&) Fimd 07,03, 03,amd
Tomay (b) Show for all Ty = Ty = Tax
cases that T7,73 ,053 = Tk, 0y ,02 , and
(1,2,3)=(x, ¥, 2)

(a) (O —0) Ty Tex
Tey  (Gy-0) Ty2 = 0
Tax Tyz - |

(o-0) © o
0 (120-0) O =0
o o (~60-7)

Qo-0)(\230-c) (—60—-T) =0 |

Sy =90,T5 =130, 03 =—60 MPa <
Y |02-051  10;-03] |05 -G3)

’Tmz—-MAX<__7~Z_§__} \2 3! 32 z)

Tmay = MAX (A5,75,20) = 95 MPa 4

b) (Gy-C) © O
O (cy-o) © =0
O O (D—&'—-G')  __

(0% -6)(0, -0 ) (T3 —-0) = O |
C1,02;,03=0x, Ty ,0z wal) such cases. 4

A,SO) (pu/n/’a)mt)z([)olo)) (ﬂl)WZ'MZ):(O’ "0))
- amd (ﬁ_g) ms, M3) = (0,0, 1), Hefﬁc'e} im all
such cases, (1,2,3)=(%,y,2). | -

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.
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(6 40, 2 2) Deteyls sho w imeg (1,2,3) =41, v,2).
For 6} =0, solve for direction cosines /;, m;, and n;. |

(o, -0 + Omy +0n; =0

04 +(0y, —01)m; +0my =0

Oll + Oml +(0'z — 0 )nl =

| 112 + m12 + n12 =1
I4 m, ny
1 0 0
For 6, =0, solve for direction cosines /5, m;, and n,.

(Gx -0y )12 +0my +0ny =0
0]2 +(Gy —02)m2 + 0712 =0

012 + 0m2 +(Gz —0h )n2 =0

lé)' +m% +n§ =]
I m2 Ny
0 1 0

For 63 = G,,, obtain direction cosines /5, m3, and n3

from cross product: (I3, m3, n3) = ({1, m, n )Xo, my, ny)

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.
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6.41 0x =50, Oy =/0, Toy=—/5 MPa (Prob, 6.1)

07120_7"+O;+o%:-2OMPQ <

22

| 7 '
/-a___,'_/(o;,-o;,) +Ty + Oy + 6Ty 22453
; MPa <

A less direct pkvc_ed’are is to ‘i‘a/ééh o7, 0‘2_)
and Oz=0 +rom Prob. & soclutican, and
substrtute these /mto Egs, 6.24awd 635,
obtaimimg +the saane result as above

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.
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6.42 T =50, 0y =10, 032~20, Ty, =—15 MPa

"];,?: = /7%1- =0 (Pk-ob, 6.10)

Tx +03 +03
Cn = 7(+3)’+%:!3,33 M Fe 4

=% O ~ 03 (0= T3 (05 =00+ 6 (T + Ty + T2

A less direct procedure [s to take 73, 0y,
amd T3 From +he Prob 6.10 seclutrom, amd
substitute these imto Egs 6 34 and 6.35,

obtaimimg the sawne result as above.

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
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643 0, 7y, H10om 2ero

Deterom/me Gy , Tomay,

- nd
> Ty (0, Tyy) ~1T7~ .
B 5 Y

Mohrs circle o\~ O'3=OO‘;_L | o,
for -y plame \\" )
mustT enclose S o (
. gp
origim. ¥ 7‘)’)
G — b 3 i

J, = G:rnay B 7} = O =02 _ T’*’“M

¢, — . A 2. t o
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844 T, T, are momzero

Oeteramine O‘,max) Toney, Tn
©,02,03 = Ox,Jy,0

G-/rna/x = MAX (W—x) O-)()

Trvan ZMAX{\O-‘;Z-O_Z\)‘CEZ_ O‘E,.L o éq]) |

Toew = 1 (T2 G 1051 15y .
prd

K :éﬂ&\“@) T (03-G) T 4+ (0p-00) T

I é‘ﬂﬁx—(}‘)‘,)z-\re‘y”“—i— G, "

__\[2_/ 2
3 /Ox —0x 0,

|

)

T + T2 <
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6.45 E:x,oke.ss T im terms OF ,T:-) /Ti) RE

|07 - 02) o3 —
7,7y e e, T2 oy — o

| | 2
Th:é‘/@“—*f&)zw- (G2 -aG)> +(03-T) *
=5 /@I 2 )+ (27,)7

=TT <
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6.46 Thick-walled +w5a,'c/osed emds,
= Bh - o, ( : ) gy =- G, (ril- )
Ty T ke ) (=

0,03 (@all 75 =0)

J

Ox, T ,0r-= T
%=§/(“
S Ly

H%H) "2 ] [ 1)_‘]2

T=LlBA D //+2 + 17

-
G Y+ (T- )-\-(a‘ o

As R 'r) Thi, Sc; Th is max, at R=1 <

Th

i f
|
! ! R

n 2
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6.47 Thick—coalled tube , closed emnds,

highest T,=7 (Eq. 6.35)

= 100 MR
ford F a

T =15 kRNm
O_r r;ﬁ 3OM’YVI
V2 =4O mm

Ter= Jz=0O

_ﬂ(rz“_,—f")

Virs N
% () % =-%(Em)

Th --—‘3-,/(0‘%—0;)2—1- (0;—6;.)7+ (0',,—02)24— 6(7;:+ O+ o)

Calculate T, for various R,

P T Iy Iz
MPa KN-m mm mm

100 15 30 40 The highest T,
oceurs at +he

R Stresses in MPa _

mm O Gy Or Txt Th fmmey roeall
3000 1286 3571 -100.0 1637 2296 )
32.00 1286 3295 -72.3 1746 217.3 whe e -

3400 1286 3065 -494 1855 209.9 |
36.00 128.6 287.3 -30.2 196.4 206.2 Tn= 229.¢ M Pe
38.00 1286 271.0 -13.9 207.4 2054 <4

40.00 128.6 257.1 0.0 218.3 206.8

(Plot is om mext page.)
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(647, p.2)

o 230

Q.

=

uj‘ =

w0

o | |

& 220 '

5 N . ' <
@ .
- L

72

™

< 210

g.

% B M—/

O

& 200 L— : : : :

30 32 - 34 36 38 40
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GU\-—(-— . 3

— - O3 B Uz - - Oz
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(643, p.2) |

g = cosxX T + C&S,@T -I—COSA’E (umit vector)
COS*K + cos*B + cos?y =| | x=RB=)
COSK = cosS o= cos¥=1//3

+
(203 -0, —0) R = 5,1 +5,5 +Sak

_|_

5=/EZv 57457, After manmipulation:
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6.49

Straims om mild sleel surface from
Orob. 5077 Ex=190RI0™ ¢ €, == 76DXIDS amd
Yoy = Z00X}07" Fimd &, €,, &, and X,, ¥y, £3

— éxtE€E ~£\2 [ ¥yy)2
6= SR B8 [

- _|vao-70 7o+7go 200\2 ¢
a,gz—[ 7D /’ ) (2 )]xw

£,€,= [-2%55“-\-4‘7% t]xso =213, K10 ‘°_.
- —733,1 XID

E,=E5= T v (£x+€,), 2=0.293 (Table 52)

53-:236,2 % i0°
&,YL}Ya: 122—'2 } ' "“'2 \ lg —Ez,‘
X,)b’z,b’j..tmc?x: 62’5’!)(0,‘?% 2Xx10°% 4
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6.51 Straim qqge, rosette o "TL aHoy smy-(aca
£y = B8O0OXIDT4 €, =160X107¢) £,5= 2340 XiD™¢

Fimd €, €,, ‘25) Gl’Vid 8, 82, B/:‘s" No yieldimg,
From Ex.6.9: ¥yy=28,5— €y —%y

Yy =[2(2340)~3800—160] XD =720 X 107°

e )

£, £, =.-[t%oi 1855 ] %1074 = 3835810, 125 X160

_g%:.gs‘: /T-—‘zz)/ (Ex +€y), 72=0,261 (Table 5.2)
53 = -_'-223‘7- ?(I-O_é

X;) Xz,} Xs' - ! i?.—-ESI) ‘g‘— 2—3‘ ) lg; - gzl
%, ¥z, ¥3= 2362 X107 6072 %1074 3711 x107¢ 4
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- 6.52 Straim gage rosefte om Al all oy free
surfa¢a £y = 1200XI078 €, =— 650 XIp™4 amd

= 1900 X107% No y/eldmﬂg CS'\-:WQ‘I“&
Ux)o;) )"x,y Q’Vld Smay /J_MQ—)(

Kpy=[2(1900)=1200+656) XI5 = F250 x107¢

Hookes Law for Tp=T,; =T, =C (surface)

{x :-“E*{G}“‘VG;] ; é};:'—E‘[O-y*WO‘x]
= @ G = E
G 2 (\+2)
E=70,200 MR, = 03245 (Table 52)

G 26,124 M Ty =(22.5x1077)( 26,134 M~)

. 6/2}/

4

2xioTh = 70' o0 NP [O‘x 0.345 03 ]

| —4 | '
~ = — 0,245 G5
—6S I = MPa[G_y 0,345 0%

Solve simultamneously

ox= 77,86, 0y =—1%.83 MFa | <

G-maw = MAX (T3, 05,T3)
Tryr‘lﬁij{: MA“X ( H’Tm'z.; E)
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(6.52,p2)

—oy\2 _,
or,0; = 219 + _9_.76_2_03.) ¥ Ty? ,03=0

07,03 =29.52+ 4773 = 129.25,—6%21 MPa
Somar =127, 25 MFPa ' .
S —02 | -0 g —
ey [T 1G] 173
2z

Tomay =977 3 MPa | P
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6.53 Straim gage rosette as im Fig, 6.16(b),
Develop equatioms +o calculate Ey and Xxy
fromm &y | €, amd £ 54,

fo = Eﬁgi,f + 57‘2— €Y cos 20 + ——ZX; simZ28

—. Ext+E Ex ~ ¢ Svy (V3
e i 4 2oy (—0,5) + vy _5)
60 > -I—_ = ( ) >

X
2
- _ £ _ ' 3
o= SEEEL ¢ B8 Co5) 4 B (- g)

/2
=

- = |
gé:o“gtzc? - Xy, é/’)45/ "-“‘V‘?“ <Ego - 6120) <

Ecot €120 =(Ex + €+ (£~ &) (-0.5)
ggo ~+ g;zaﬁ” 21/2 + SEV/Z

Ey =Lt (2€0+2826— €x) | <
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6.54 D@V&lop equatioms for &, and &,

0, + 03 +73
3

T = 00 ) (G G (G- G £ (T + T+ el

O_hz

Tx,0,,02—> Ex, gy) E-z-,' V’WC—C"— O—h""’gh

' R

= = B - stiaim

5= S ,-6, )P (&) -, 4 (Ea-5,) + 2 (S e )

The octahedra/ y/anes for stress qnd
strarm are the saonme oaly /im cases where
the phrimeipoal axes For STress andg straivg
Coimerde , hence fFor /sotrgpric -malerials

/m gemxetral, ang for the ortho f?o,&/'c case /f
the primeipal stresses are paralle/) to the
/o/afne.s' of materia/ sy-nmetry.

E, +Ez.+'63 _ & \ .U'Olufrﬂe'\‘}'ic)
<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 pedagoglcal purposes
and the needs of other |nsrructors who rely on these materials. -



