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Step 1 of 14
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Determine the principal stresses and related direction cosines for the following case
Write the general expression of the stresses relative to an x, y, z coordinate system be
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Step 2 of 14 m Carol
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Determine the stress invariants using equation 1.34.

Find stress invariant /4. ',\J,gzcge Universit... 307
l=0+0, +0,
Substitute 3MPa for o,, 2MPafor o, IMPa for o, E Eﬁvﬂlﬁgif Denv... 270
L=3+2+1
=6MPa

FIND ME A TUTOR
Find stress invariant /o,

L=co +00 +0,0, -1, -1 -1,

Substitute 3MPa for &,, 2MPaforo,, IMPaforo,, 4MPaforz,, 6MPaforr ,

SMPafor r_
L=(3)(2)+(3)(1)+(2)(1)-4* -6 -5
=-66 MPa

Find stress invariant /3.

Substitute 3MPa for &,, 2MPaforo,, IMPafor ., 4MPafor r
SMPafor r_

6MPa for r_,

346
IL,=14 2

6 5 1

=83IMPa
Comment

Step 3 of 14

Determine the principal stresses @, using equation 1.33.
3 2 -

o, 1o +Lo,~1,=0

Substitute 6 for /1, -66 for I, and 83 for /3

a,-6a, ~66a, ~83=0

Solving the above equation we get three values for a ,

g, =-4.53MPa
o, =-1.52MPa
g, =12.05MPa

There are 3 solutions or 3 principal stresses.

Let the principal stresses be denoted by @, , @,, and &y where @, >0, > 0;.

Therefore the principal stress a,is [12.05 MPa , o, is [-1.52 MPa , and oy is
—4.53 MPa

Comment

Step 4 of 14

Determine the related direction cosines for the principal stress a7, = 12.05 MPa using the method

of Direction Cosines.
Determine the cofactor determinant a4.

a, =

(o, -a,) r

r..— {a = GI ]
Substitute 12.05 MPa forer,, 2MPaforo,, IMPafor o, , 4MPaforr, 6MPaforr_,

SMPaforr,_.

w?

a, =

(2-12.05) 5
5 (1-12.05)
=86.05MPa

Determine the cofactor determinant b4.

b=-
T, r.

r. (o ~.ak]

Substitute 12,05 MPa forer,, 2MPa for o, , IMPa for o, , 4MPafor r,, 6MPaforr_,

SMPaforr_.
b =-
: 4 5
6 1-12.05
=T74.2MPa

Determine the cofactor determinant c.

6=

r, (o,-0)

T T,
Substitute 12,05 MPa fore,, 2MPa for o, IMPa for o, , 4MPafor r,, 6MPaforr_,
SMPaforr,_.
('I =
4 2-12.05
6 5
=80.3MPa
Comment
Step 5 of 14
Define the constant kq
1
ky = —p—
\u"u.' +b +c
Substitute 80.3MPa forc,, 74.2MPa forhand 86.05MPa forg,
k, v
=0.007187
Determine the direction cosines /4.
I =ak,
Substitute 0.007187 for k,, 86.05MPa fora,
1, =(86.05)(0.007187)
=0.618
Determine the direction cosines my.
m, = hk,
Substitute 0.007187 fork,, 74.2 MPa for b,
m, ={74.2)(0.007187)
=0.533
Determine the direction cosines nj.
n =ck,
Substitute 0.007187 for k,, 80.3MPa forc,
n, =(80.3)(0.007187)
=0.577
Verify the solution for the direction cosines.
Emleni=1
0.618” +(-0533) + 05777 =1
1=1
0618
Therefore the direction of the principal stress sq is 0.533
0577
Comment
Step 6 of 14
Determine the direction cosines for the principal stress a, = —1.52MPa
Determine the cofactor determinant as.
H: =
(0,-0.) 1,
7% (o.-a,)
Substitute —1.52 MPa fora,, 2MPa for o, IMPafor ., 4MPafor r,, 6MPaforr_,
SMPaforr,_.
a, =
O 12+1.52 5
5 1+1.52
=-16.13
Determine the cofactor determinant bo.
b, =-
i ru r-:
r. (o0.-0)
Substitute —1.52 MPa fore,, 2MPa for o, IMPa for o, , 4MPafor r,, 6MPaforr_,

SMPafor r,.

b, =-
. 4 5

6 1+1.52
=19.92

Determine the cofactor determinant c5.
0=
L™ {“- _‘7::'

T, T

Substitute —1.52 MPa fora,, 2MPa for o, IMPa for ., 4MPafor r,, 6MPaforr_,
SMPaforr,_.

%4 24152
6 5
=-1.12

Define the constant ko

Substitute ~1.12 fore,, 19.92 forh,, -16.13 fora,
|

k=
J(-16.13) +19.92" +(-1.12)’
=0.038977
Comment

Step 7 of 14

Determine the direction cosines /.
I, =ak,
Substitute 0.038977 fork,, —16.13 fora,
I, =(-16.13)(0.038977)

=-0.629
Determine the direction cosines mj.
m, = h.k,
Substitute 0.038977 fork,, 19.92 forb,
m, =(19.92)(0.038977)

=0.776
Determine the direction cosines nj.
n, =c.k,
Substitute 0.038977 fork,, —1.12 fore,
n, =(-1.12)(0.038977)

=-0.044

Verify the solution for the direction cosines.

Gvmgim =1
(-0.629) +0.776* +(-0.044)" =1
1=1

0629
Therefore the direction of the principal stress sz is 0776

| 0044 |
Comment
Step 8 of 14

Now determine the related direction cosines for the principal stress &, = —4.53 MPa

Determine the cofactor determinant ag.

a, =

Noy-a) 1,
r..- [ﬂ = ”l ]
Substitute —4.53 MPa fore,, 2MPafor o, IMPa for o, 4MPa for r, 6MPafor r_,
SMPaforr,_.
(f‘ - .
24453 5
5 1+4.53
=11L11
Determine the cofactor determinant b3.
b‘ =—
rll r|:
. |o.-o,)
Substitute —4.53 MPa fore,, 2MPa for o, IMPa for o, 4MPa for r, 6MPafor r_,
SMPaforr,_.
l‘,‘ ==
4 5
6 1+4.53
=T7.88
Determine the cofactor determinant c3.
&=
{5. -0,
rl: r-.‘
Substitute —4.53 MPa fore,, 2MPa for o, IMPa for o, , 4MPa for r_, 6MPafor r_,
SMPaforr,_.
o =|
4 2+4.53
b s
=-19.18

Define the constant k3

ky =
‘flu‘ + b 40
Substitute ~19.18 fore,, 7.88 forhand 11,11 fora,
1
k

= Jl L1F +7.88% +(-19.18)°
=0.042509
Determine the direction cosines /3.
1, =ak,
Substitute 0,042509 fork,, 11.11 fora,
1, =(11.11)(0.042509)
=0472
Determine the direction cosines ms.
m, = bk, Substitute 0.042509 fork,, 7.88 forb,
m, =(7.88)(0.042509)
=0.335
Determine the direction cosines ns.
n, =cik,
Substitute 0.042509 fork,, —19.18 fore,

n, =(-19.18)(0.042509)

=-0.815

Verify the solution for the direction cosines.
E+mgang=1
04727 +0335” +(-0815) =1
1=1

0472
Therefore the direction of the principal stress s3 is 0335

| 0815 |
Comment
Step 9 of 14

b)

Obtain principal stresses and related direction cosines for the following case

Or Ty Tx 1432 08 155

5, 0, 5, |-| 08 697 52

X, %, o 155 52 163
Comment

Step 10 of 14

Determine the stress invariants using equation 1.34.

Find stress invariant /.

L=0,+0,t0,
=1432+697 +163
=3759

Find stress invariant /o,

1,=0,0,+0,0,+0,0,~ To—To—Tp
=(1432)(6.97)+(14.32)(16 3) +(697)(16 3) - 0.8 - 1.55* - 5.2°
= 416755

Find stress invariant /3.

xr ry o
Ii=| 1y Gy Tg
L v, o

1432 08 155

= 08 697 52
155 52 163

=122542

Comment

Step 11 of 14

Determine the principal stresses @, using equation 1.33.
3 v

o, ~fg +Lo -1,=0

Substitute 37.59 for /1, 416.755 for I and 1225.42 for /5.

a;—37.950: +416.7550,—122$.42= 0

o, =262

o,=1262

o, =471

Notice there are 3 solutions or 3 principal stresses.

Let the principal stresses be denoted by @, @;, and @y where &, >0; > 0y.

Therefore the principal stress s1 is |31&Mh| spis |11&m ,and sz is m

Comment

Step 12 of 14

Now determine the related direction cosines for the principal stress s1 = 20.62 MPa using the

method outlined in Appendix B.2 Direction Cosines.

Determine the cofactor aq.
_ (a, —o‘,) T
8 (o.-a)

697 -2062 52
52 1632062

=3193

Determine the cofactor by.

Ty Tw
h--

Ta (a: = al}

__| o8 52
155 163-2062
=1152

Determine the cofactor c.
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| s |
=2532

Define the constant k1
1
b=
V&G B+
1

T BLoF 111527 12532
- 0.023614

Determine the direction cosines /1.
L=ak
=(3193)(0.023614)
=0.754
Determine the direction cosines my.
m, = bk
=(11.52)(0.023614)
=0272
Determine the direction cosines n1.
m=ck
=(803)(0.023614)
=0598

Verify the solution for the direction cosines.

Gymd+m =1
0.754% +0272% +0.598% =1
1=1
0.754
Therefore the direction of the principal stress sq is 0272
- ojm B
Comment

Step 13 of 14

Now determine the related direction cosines for the principal stress sy = 12.62 MPa using the

method outlined in Appendix B.2 Direction Cosines.

Determine the cofactor ag.

| (a,— cr,) T
Te (‘72 = ”3)
_| 697-1262 52
52 163-1262
=—4783
Determine the cofactor by.
T,
b =
b=-
f, (0" - 0—1)
g 08 52
155 163-11262
=512

Determine the cofactor ca.

T, (cr, = a,)

T, L

£;=

08 697-1262
155 52
=1292
Define the constant ko
_ 1
T
_ 1
J(-4783)" + 5.12% +12.92°
= 0020077

Determine the direction cosines /.
L=ak,
=(-47.83)(0.020077)
=-0960
Determine the direction cosines mo.
m, = bk,
=(5.12)(0.020077)
=010
Determine the direction cosines ny.
m =6k
=(1292)(0.020077)
=0259
Verify the solution for the direction cosines.
Lmieni=1
(-0.960) +0.103* +02597 =1
1=1

Therefore the direction of the principal stress sz is 0103
0259

Comment

Step 14 of 14

Now determine the related direction cosines for the principal stress s3 = 4.71 MPa using the

method outlined in Appendix B.2 Direction Cosines.

Determine the cofactor as.

| (a,—o,) Ty

Tm (a’,—a,]
| 697-am1 52
] 52 163-471
~—085

Determine the cofactor bs.

Ty T
b=-
= (g' - 0’,)
_| o8 52
155 163-471
=-121

Determine the cofactor c3.

Ty (a, —cr,]

T, T

£y =
_| 08 697-4m
155 52

=66

Define the constant k3

o

b l@aa
- 1
 J-oss) +(-121)* +066°
- 0617543

Determine the direction cosines /3.
L=ak
=(-085)(0.617543)
=-0525
Determine the direction cosines ms.
my =byk,
=(-121)(0617543)
=0.747
Determine the direction cosines ns.
m=cky
=(0.66)(0617543)
=0.408
Verify the solution for the direction cosines.
Lamieng=1
(-0.525) +(-0.747)" +0.4087 =1
1=1

Therefore the direction of the principal stress s3 is 0747
0408

Comment

Was this solution helpful? 3 o

Recommended solutions for you in Chapter 1

3/20/2018 12:08 PM



Advanced Strength And Applied Elasticity 4th Edition Chapter 2 Probl...

Chegg’ Study TEXTBOOK SOLUTIONS

EXPERT Q&A

http://www.chegg.comvhomew ork-help/advanced-strength-and-applied-...

Q

Y

30f3

Media Center

College Mark Chapter 1, Problem 50P
Privacy Policy

Your CA Privacy Rights Join Our Affiliate Program
Terms of Use Advertising Choices
General Policies

Intellectual Property Rights

Investor Relations

Corporate Development

Enrollment Services

PayPal n‘ga

YERIFIED,
=

© 2003-2018 Chegg Inc. All rights reserved.

Used Textbooks
Cheap Textbooks
College Textbooks
Sell Textbooks

Bookmark

Show all steps:

Scholarships

Career Search
Intermnships

College Search

College Majors
Scholarship Redemption

ON

Chegg For Good
Become a Tutor

k

Online Tutoring
Chegg Study Help
Solutions Manual
Tutors by City
GPA Calculator
Test Prep

3/20/2018 12:08 PM



