
Given points PI (1, -1,2) and P2 (I, 0, -3) 

( a ) ~ o f t h e m i t m t o r i n t h e d i r e c t i o n o f  PX 

According to the padclogram rule the vector $2 is ir as fofows 
4 4  

Tya=OP,-Op; =it-%, 
~heunicrsuwiatbcciirectionof$2is 

C . .  

(b) Compltation of the angle < PlOPz 

The dot product of the vectors 6$ and s2 is 
(a"p,~o"pz) = t - 6 5 

Computation of the angle <OP1P2 
r - .  

The vectors P10 and P1P2 are 

and 
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(c) Computation of the unit vector i,, normal to the plane specified by the points 0, PI 

(d) Computation of the volume of the parallelepiped whose edges are OP,, 0P2 and 

And the volume V of the parallelepiped is 
3 V= (03,) [(Gl) X (Gz)l = -3+to+!=8p) 

Anether way of solving this problem is referring to relation (1.33a) 
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(a) Calculation of the &e between the vectors a and b. We denote this angle by 8 

(b) The component of the vector b in the direction of vector a is given by the following 

dot product 

(c) We calculate the cross product of the vectors a and b referring to relation (l. 19) 
a x  Ig (24+4)i4+ (8+18)i2+ (-6+16)i3 = 281, + 26i2+ 401, 

The area of the parallelogram whose sides are the vectors a and b is equal to the 

(d) The volume of the parallelepiped specified by the vectors a, b and c is equal to the 

absolute value of the dot product of the vectors c and (a X b), thus 
I G .($S b) lr l({,- ~iz*~,~.(28i,+26~+~~~)l=128~sc+l~l= 

3 
b N t 3 t  = 

Problem 1.4 
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4 Chapter 1 

The unit vector in the direction of the vector is 
. I 

Refening to Fig. a the shortest distance fkom point P to  the line passing through points A 

and B is equal to the magnitude of the vector PC. Thus, 

1Zt.I- \ S \ S ~ ~ Q  (4 

And the hemagnitude ofthe vector (i* X AP) is 
[ ~ , x i $ l = f X ;  1 

it3 3 

Substituting relation (c) into @) we have 

Problem l.5 

From the data of the problem we have 
3 

>,,=Q 442=-4 A 4 3 s - 3 -  
5 

Substituting (b) into (a) we obtain 
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5 Chapter 1 

(b) We denote the given tensor by[A Referring to relation (1.37a) we have 

Problem 1.6 

(a) The coordinates of point P with respect to the system of  axes X,', xi, x3' are 

(b) Expanding relation (1.70) we obtain 

https://ebookyab.ir/solution-manual-advanced-mechanics-of-materials-and-applied-elasticity-armenakas/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

https://ebookyab.ir/solution-manual-advanced-mechanics-of-materials-and-applied-elasticity-armenakas/


6 Chapter l 

The same results may be obtained using matrix multiplication, That is 

(c) The equation of  the plane xl-x2+2x3 = l can be rewritten as 

(a) 
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Substituting equation 

[l - 1  23 

Problem 1.7 

(a) Referring 

(b) into (a) we 
d 

to relation (1.33a) the 

have 

(b) Referring to equation (l .73b) we have 

C A f 3  = C&3 I4 I: haT 

the system 

3 

2 
-4  

of axes G' are 

Thus, C 

4 
0 l -  

# +][-; 4 

Cfi'3= - C- 

6 E i - S  % -E 
L -* - 4 o 6 -- 2 t 4  
tS G - E =  fz. 
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(c) The equation of the plane in the system of axes XI, xz, X, is 
2 % , + 3 ~ ~ - % ~ =  I 

k.l 
From relation (l. 34a) we have 

Substituting equation (b) into (a) we have - 

Problem 1.8A 

Given the syrnmeetric tensor of the second rank 

(a) Referring to relation (1.124) we have the foHowing stationaty values for the tensoc~] 
CV 

A, =I 2 (A., + R Y ) + I ~ . =  2 3+B 
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4 CV In Figure a. we show the principal axes XI, xz 

Figure a 

@) Referring to relation (1.129) the maximum value of the non-diagonal components of 

From relation ( l .  127) we have 

$,, = 22S0 counter-clockwise 
", cl 

In Fig. a we also show the axes XI, G with respect of which this maximum value of the 

nondiagod components occurs. 

(c) Referring to relation (1.61) the diagonal component of the tensor [A] in the direction 

of the unit vector i, is 

A , . ~ Q ~ ' C A I ~ ~ ~ = ~  E I -g L = -  I I 
G 3 

Problem 1.8B 

Given the symmetric tensor of the second rank 
0 0 0  
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(a) Referring to relation (1.124) we have the following stationary values for the tensorb] 
C 

From relation (1.122) we have 
t a q ~ & ~ ~  = 2&3 - - = - z  - - 2 2 +2,. - 63.430 

3-2 
Or 

h Figure a we show the principal axes z2, z3 

Axes of maximum 
mndiagonal component 

\-Axis of  maximum 
\ - diagonal component 

X2 

Figure r 

(b) Referring to relation (1.129) the maximum value of the non-diagonal components of 

the tensor F] is 

From relation ( l .  127) we have 

In Fig. a we also show the and?3 with resped of which this maximum value of 

the nondiagonal components occurs. 
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(c) Referring to relation (1.61) the diagonal component of the tensor p] In the &direction 

ofthe unit vector im is 
0 = l r j ~ m j q I =  6 p -g[", 3 [:lk=: 

0 - 1  -I 

Problem 1.8C 

Given the symmetric tensor of the second rank 

values for the tensor C 

From relation (l. 122) we have 

- d 
in Figure a, we show the principal axes x3, xi 

Axes of l lmxknu~ 
nondiagoaal 

diagonal component 

Figure a 
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12 Chapter 1 

(b) Referring to relation f 1.129) the maxifnurn value of the non-diagonal components of 

the tensor [C] is 

From relation t 1.127) we have 
-. 

tan 2+33=- C33-Ct1 - , - -  
2C13 3 

In Fig. a we show also the axes g, with respect of which this maximum value of the 

nondiagonal components occurs. 

(c) Referring to relation (1 -6 1) the diagonal component of the tensor [C] in the direction 

Problem 1.9 A 
Given the symmetric tensor of the second rank 

(a) We plot Mohr's circle using the two points on the same diameter XI (-3, -2) and 

X2 (2,2). Referring to Figure a. we see that the center, C, of the circle is located on 

the axis at a distance 1f2 (Al l + AZ2) = 4- 5 from the origin 0. 

Figure a 
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From geometric considerations the radius, R, of the circle is 

Moreover as shown in Fig. a the maximum value of the diagonal components of the 
F 

tensor [A] is the abscissa of point Xi, while the minimum vaiue is the abscissa of point 
N 

Referring to Fig. a. we have 

Hence 

One of the principal directions is the is whereas the other two fie in the xlxz plane. So we 
N 

see in Fig. a that point X1 is located 218-66" clockwise from point XI. Consequently, the 

principal ads associated with the principal value AI of the diagonal component of the 

tensor is located = 109.33 * counter- clockwise from the xl axis. In Fig. b. we show 

the principal axes of the tensorZ,, G. 

S ? . \  * jl 
diagonal component 

- Axes of maximum 
n ~ n ~ a g o n a i  component 

Figure B 

@) Referring to Fig. a the m e u m  non-diagonal component of the tensor is the 
U 

ordinate of pint ZI. Thus, 

(&)- = 3 -2 
N 

From Fig. a we can see also that the point zl is located 128.66 O clockwise fmm point 

X,. Co~~~quently,  the axes El and z2, where the maximum value of the nondiagonal 

components of tensor [A] occur, are located as shown in Fig. b. 
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(c) From relation ('1.51) the diagonal component of the tensor [A] in the direction of the 

unit vector i, is - 2 
A W = ? ~ ~ ~ A I ~ ~ = & C {  f - 4 J E  : ] [ ! i ~ = - k  E 3 

Problem 1.93 
Given the symmetric tensor of the second rank 

(a) We plot Mows circle using the two points on the same diameter X3 (-2, -3) and 

Xt(6, 3). Referring to Figure a. we see that the center, C, of the circle is located on 

Figure a 
From geometric considerations the radius, R, of the circle is 

R = (3'+ 4')ln = 5 

Moreover as shown in Fig. a the maximum value of the diagonal components of the 
k. 

tensor [B] is the abscissa of point X3, while the minimum value is the abscissa of point 
r 
XI. Thus, 
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Hence 

263 = 2 16-870 or @33 = 108.43 O counter- clockwise. 

One of the principal d'iections is the iz whereas the other two lie in the x ~ x l  plane. So we 
h/ 

see in Fig. a that point X3 is located 216.87" clockwise fkom point X3- Consequently, the 

principal axis associated with the principal value of  the diagonal component of the 

tensor is ioc8ted 7 3 3  = 108.43 counter- clockwise from the x3 axis. In Fig. b. we show 

the p ~ c i p d  axes of the tensor k3, Zl . 
CV 

A x i s  of maximm 
diagonal component--+ 

p ~ c i p d  axes of the tensor k3, Zl. 

A x i s  of maximm 
diagonal component--+ 

Axes of maximum 
non-diagod component 

X3 

Figure b 

(b) Refkm-kg to Fig. a the maximum non-diagonal component of the tensor is the 

ordinate of point X3- Thus, 

N 

From Fig. a we can also see that point z3 is located 126.87 clockwise from point X3. 
V 

Consequently, the axes and where the maximum value of the non-diagonal 

components of tensor fB] occur, are located as shown in Fig. b. 

(c) From relation (1 -61) the diagonal component of the tensor fBj in the diiection of the 
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Problem 1.9 C 
Given the symmetric tensor of the second rank 

(a) We plot MOWS d e  using the two points on the same diameter X2 (-2,4) and 

X3 (6, -4). Referring to figure a we see that the center, C, of the circle is located on 

the CSz2 axis at a distance 1/2 (G2 + C33) = 2 fiom the origin 0. 

Figure a 
From geometric considerations the radius, R, of the circle is 

R = (42+ 4')In = 5.657 

Moreover as shown in Fig. a the maximum value of the diagonal compnetlts of the 

tensor [C] is the abscissa of point z2a while the minimum value is the abscissa of point 
r 
X3. Thus 

(G2)mu = E2 = + s2= 5.657 + 2 = 7.657 
2- 

(&2h= E3 = - C& + = -5.657 + 2 = -3.657 

Refening to Fig a. we have 

2& = angle x2G2 
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Hence 

2&= 135O 
N 

or 922  = 67.5 O counter-clockwise. 

One of the prificipd directions is the il whereas the other two lie in the xzx3 plane- So we 

see in Fig. a that point z2 is located 135" clockwise from point X2- Consequently, the 

principal axis F2 associated with the principal value E- of the diagonal component of the 

teasor is located & = 67.5 O counter- clockwise fiom the x2 axis. In Fig. b. we show the 

principal axes of the tensor G,&. 

Axes of mardmm Axis of maximum 
non-diagonal CO diagonal compmmt 

d 

X2 

Figure b 

(b) Referring to Fig. a the tmxhum non-diagonal component of the tensor is the 

ordinate of point X2. Thus, 

(C&)- = 5.657 
C 

From Fig. a we can also see that point is located 45" clockwise from point X2. 

components of tensor [C] occur, are located as shown in Fig. b. 

(C) From relation (1.61) the diagonal component of the tensor [C] in the direction of the 

Problem 1.9D 
Given the symmetric tensor of the second rank 

P d 
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(a) We plot Mohr's circle using the two points on the same diameter X1 (-4, 2) and 

X2 (-8, -2). Referring to Figure a we see that the center, C, of the circle is located 

on the D'll axis at a distance U2 (Dlt + Dm) = -6 fkom the origin 0. 

-h P:, 
i 

Figure a 

From geometric considerations the radius, R, of the circle is 

R = [22+(-2)2]1n = 2.828 

Moreover as shown in Fig. a the maximum value of the diagonal components of the 

tensor D] is the abscissa of point X1, while the minimum value is the abscissa of point 

X*. Thus 
C C- - 

&X, = DI = -CO = -6 + 2.828 = -3.172 
C" - &,L= fS2 = -CO - CX2 = -6 - 2.828 = -8.828 

Referring to Fig. a. we have 

tan = tan < X,CCX, = 1 

Hence 
hc 

2F1 = 45" or l = 22. S * counter clockwise. 

One of the principd directions is the is whereas the other two lie in the x1x2 plane. So we 
N 

see in Fig. a that point X1 is located 45" clockwise fi-orn point XI. Consequently, the 

principal axis associated with the principal value of the diagonal component of the 

tensor is located Fll = 22.5 D counter- clockwise from the X, axis. In Fig. b we show the 

principal axes of the tensor%, , G. 
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(b) Referring to Fig. a the marrimurn non-diagonal component of the tensor is the 

ordinate of point XI- Thus, 

(~1~) -  = 2.828 
=", 

From Fig. a we can see also that the point XI is located 45" clockwise fiom point Xi. 

Consequently, the axes RI and z2, where the maximum value of the non-diagonal 

components o f  tensor p] occur, are located as shown in Fig. b. 

(c) From relation (1.61) the diagonal component of the tensor [Dj in the direction of the 

Problem 1.9E 
Given the mmmetric tensor o f  the second rank 

(a) We plot Mohr's circle using the two points on the same diameter XI ( 0 , 3 )  and 

X2 (-9, -3). Referring to Figure a. we see that the center, C, of the circle is located 

on the E'I1 axis at a distance 112 + E22) = -4.5 from the origin 0. From geometric 

considerations the radius, R, of the circle is 
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As shown in Fig, a the maximum value of the diagonal components of the tensor E[E] is 

the abscissa of point zl, white the minimum value is the M i  of point $. Thus 
C 

El = S= 5.41 - 4.5 = 0.91 
4 - 

& = C O  - cE2 = -4.5 - 5.41 = -9.91 

Referring to Fig. a we have 

tan 24j11 =tan < x1cZ1= 3/4.5 

One of the principal directions is the i3 whereas the other two Lie in the xlxz plane. So we 
U 

see in Fig. a that point Xi is located 33 $9" clockwise from point XI. Consequently, the 

principal axis ?l associated with the principal value of the diagonal component of the 

tensor is located ql1 = 16.85 Ocounter- clockwise fiom the XI axis. In Fig b. we show the 

principal axes of the tensor ?l, X2. 
(b) Referring to Fig. a the Maximum non-diagod component of the tensor is the 

S 
ordinate of point XI. Thus, 

~2~~ = 5-41 N 

C1 

From Fig. a we also cm see that the point XI is located 56.31" counter-dockwise fiom 
C 

point XI. Consequently, the axes zl and z2, where the maximum value of the non- 

diagonal components of tensor [E] occur, are located as shown in Fig. b. 

Figure a 
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I h Axes of maximum 
non-dktgonai component 

U 

X, 
Axis of maximum 
diagonal component 

X, 

X\ 
Figure b 

(c) From relation (1 -61) the diagonal component of the tensor p] in the d'iection of the 

Problem 1.9F 
Given the symmetric tensor of the second rank 

(a) We plot Mohr's circle using the two points on the same diameter X2 (-4, -3)  and 

X3 (- 12, 3). Referring to Figure a we see that the center, C, of the circle is located on 

the F'22 axis at a distance 1/2 (h + F 4  = -8 fiom the origin 0. 

From geometric considerations the radius, R, of the circle is 

Moreover as shown in Fig. a the maximum value of the diagonal components of the 
CL 

tensor p] is the abscissa of point X2, while the minimum value is the abscissa of point 

X3- Thus 

( E ' 2 2 L = ~ 2 = - c 5 + ~ 3 2 = - 8 + 5 =  -3 
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% ,  

Referring to Fig. a. we have 

tan2G2 = tan< x2cZ2 = 3/4 

Hence 

One of  the principal directions is the il whereas the other two lie in the x2x3 plane. So we 
hr 

see h Fig. a that point X2 is located 36-87'' counter-c10ckwise fiom point X2. 

Consequently, the principal axis G associated with the principal vdue F2 of the diagonal 

component of the tensor is located GZ2 = 18.43 O clockwise from the x2 axis. In Fig. b. we 

show the principal axes of the tensor ji?, 'i&. 
yr N 

Axes of maximum 
"non-diiond component 

Axis of maximum 
diagonal component 

Figure b 

(b) Referring to Fig. a the maximum nondiagonal component of  the tensor is the 
P 

ordinate of point X2- Thus, 
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@2llaaax = 5-0 e 

From Eg. a we can also see that point z2 is located 126.870 counter-clockwise from 

point X2. Consequently, the axes g2 and g3, where the maximum value of the non- 

diagonal components of tensor [C] occur, are located as shown in Fig. b. 

(c) From relation (1.61) the diagonal component of the tensor F] in the direction of the 

unit vector h is 
h n = 1.f [F] 5n( -& \O 

v5 3 

Problem l. 1OA 

Refeming to the solution of problem 1.9A we plot Mohr's circle in Fig. a. Moreover we 

plot line ~ C X :  making an angle of 60° clockwise with tine XlCX2. Referring to Fig. a 

we have that 

angleACX1 =21.34" and 
A:,= -& - LA = -0.5 -R C O ~ Z C ~ ~ ~ ) =  -3.481 
A',,: rx: = R 5in (21.34') = 3.2 i\n C2\.34") = 1.16't 

A> & = F0 - Zb = R cos(21.34") - 0.5~ 2.481 

-3.48, 4 q 
[A']= [l. 161 2.481 

0 0 I 
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24 Chapter 1 

Problem 1.10B 

Referring to the solution of problem 1.9B we plot Mohr's circle in Fig. a. Moreover we 

plot fine X3CX1 making an angle of 60" clockwise with fine X3CX1. Referring to Fig. a 

we have that 

angle X3CA = 23-13" and 

F'iure a 

Problem l. 10D 

Referring to the solution of  problem 1.9D we plot Mohfs circle in Fig. a Moreover we 

plot line XICX2 making an angle of 60" clockwise with tine XICX2. Referring to Fig. a 

we have that 

ayle XICA = 15' and 
4,. - Zb + R ~os ( !5 ' )  -61 2.828 cosh0) =-3 268 
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Figure a 

Problem L10E 

Referring to the soiution of problem t.9E we plot Mohr's circle in Fig. a. Moreover we 

plot line X1CX2 making an angle of 60'' clockwise with line XICX2. Referring to Fig. a 

we have that 
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Figure a 

Problem 1. l lA 

Given the symmetric tensor of the second rank 

Refening to relation (1.73a) we have 
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Problem 1.11E 

Given the symmetric tensor of the second rank 

Problem 1.12 

The state of stress of the particle of  Fig. 1 P 12 is 

(a) The unit vector is normal to which Lies in the XI, x3 plane, is 

Referring to relation (1.64a) we have 

r,,+ TCJ~S{=L- S 13 o 43 [. 60 y] [!l+ S 46.8Wi 
30 0 -20 

The positive sign indicates that r, is in the direction of the unit vector as we show h 
Fig. a. 

Figure a Results 
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28 Chapter l 

Another way of solving this problem is using Mohr's circle. We plot the circle using two 

points X3 (-20, 30) and XI (60, -30). These points are located on the same diameter of the 

circle. Referring to Fig. b we see that the center, C of the circle is located on the G3 axis 

at a distance CC = 1/2 (q3 + rlt) = 20 &orn the origin 0. From geometric considerations 

we have also that the radius of the circle is 

R =  (40'+30~)'" =50 and ~ = ~ 0 + ~ = 2 0 + 2 0 = 4 0  
l # 

The point of MOWS circle whose coordinates are the components of stress acting on the 

plane normal to the unit vector B, referring to Fig. c, is located 2x3687" = 73.74O 

clockwise from point X3. 

S3 I 
Figure c 
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Chapter 1 29 

Thus, referring to Fig. b, we have that 

h= m + G = 20 + R  ~os(69.39~) = 37.6 MPa 

z, = R ~in(69.39~) = 46.80 MPa 

(b) Referring to Fig. b we see that the maximum normal component of stress is the 
IV 

abscissa of point X3. Thus, 

(~'3~)- = CC + R = 20 + 50 = 70 MPa 

Moreover, tan2@33 =-30/40=-0.75 and 

2G3,= 143.14O or & = 7 l. 57" counter -clockwise 

h Fig. d we show the plane on which the maximum normal component of stress acts. 

0 

Figure d Principal directions & maximum component of stress 
N, 

(c) The maximum shearing component of stress is the ordinate of point x3. Thus, 

(2q31)marr = R = 50 MPa 
S 

Moreover < X3CX3 = l43.14O - 900 = 53-14' and $33 = 26-57 counter - clockwise 

In Fig. e we show the plane on which the maximum shearing component of stress acts. 

Figure e Plane of maximum shear stress 

(d) Refemng to relation (1.61) the n o d  component of stress acting on the plane 
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Problem 1.13 

The state of stress of the particle of Fig. l P 13 is 
0 

(a) The unit vector i, n o d  to in, which lies in the xl, x3 plane, is 

is= 3j, -y3  
Thus referring to relation (l .61) we have 

0 43 L, - 9 ~ 6  M% 
S 

The negative sign indicates that z, is in the opposite diuection of the unit vector $. That 

is as we show in Fig. a. 

Figure a Results 

Another way of solving this probiem is using Mohr's circle. We plot the circle using 

two points X3 (-40, -30) and XI (-120, 30). These points are located on the same 

diameter ofthe circle. Referring to Fig. b we see that the center, C of the circle is located 

on the ~ ' 3 ~  axis at a distance 112 (233 + Z~ l) = -80 fiom the origin 0. From geometric 

considerations we have also that the radius of the circle is 

R = (402 + 302 )ln = 50 

The point of Mohr's circle whose coordinates are the components of stress acting on the 

piam normal to the unit vector i, which referring to Fig. c of the solution of problem 

1.12, is located 2~36.87" = 73.74" clockwise from point X3. SO from Fig. b we have that 

Znn =- ~OclLb) z - f8Ot R c a  (h3.39*U = - 93.60 MP& 
Zzls. = - R sin (65.39") = - 46.80 Mfk.  
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Figure b Mohr's circle 

(b) Referring to Fig. b we have that the maximum normal component of stress is the 
# 

abscissa of po-mt X3- Thus 

t mwc = -&+R =-80tsO=-2rOM?a ( 3 9  
in following Fig. c we show the plane on which it acts 

0 

Figure c Principal directions & maximum component of stress 

(c) The mrudmum shearing component of stress is the ordinate of point d. Thus 
k;,hno~r = SDM?~ 

https://ebookyab.ir/solution-manual-advanced-mechanics-of-materials-and-applied-elasticity-armenakas/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

https://ebookyab.ir/solution-manual-advanced-mechanics-of-materials-and-applied-elasticity-armenakas/


32 Chapter 1 

h Fig. d we show the plane on which the maximum shearing component of  stress acts 

Figure d Plane of maximwn shear stress 

(d) Referring to relation (1.61) the normal component of stress acting on the plane 

normal to unit vector i, = l/ 3 (il - i2 + if) is 

.mq = 1.3' c.3 'j n l  = L [i 
G 

-30 r3 3 

Problem 1.14 

(a) Referring to relations (1.78) to (1 -80) the invariants o f  the tensor [A] are 

p,;3 - 2  =,=4 

Thus, relation ( l .  l O S )  becomes 

4 - 3 ~ :  - 2 \& -4=0  

Substituting AI = 6.3863 into the first two of relations (1.103) we obtain 

(3-6.3~3) + 4 2:: t 3:: =O 

4x:+ (0-6-38631kg + 2 2:: =O 
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The set of direction cosines with the upper sign specifies the same diiection as the set of 

direction cosines with the lower sign but opposite sense. 

Substituting A2 = -0.1963 into the first o f  relations (1.103) we get 
(2) (3+0.1963) 2;;) + 4 2::) + 

Substituting A3 = -3.19 into the first two of  relations (1.103) we have 

(3t3.~9 A:'+ 4 31:; + ay: ,o 
t31 0) 

4 2::'4-3.\9 &t 2 i\33 =o 
Thus, 

(3) c31 

'32 
= - \.?4ZZ &, 

and 

As a check we apply the orthogonality conditions ir('). ip' = 0 and i i 3  = 0. 

C t f  c31  C t )  c3) X:' 2::) + 221 223 + 231 j)33 
or 
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34 Chapter 1 

(b) Referring to relations (1.143) the maximum vaiues of the non-diagonal components 

of the tensor are 
= .!!&& = 3.29 13 

2 

Problem 1.15 

(a) Referring to relations (1.78) to (1 -80) the invariants of the tensor [A] are 

, %=o X3=-25 

Thus, relation (1.105) becomes c- ?A:+Z~=O 

The roots of this equation are 

A ,  = 6. A,= 2 .X184 &=- 

The set of direction cosines with the upper sign specifies the same direction as the set o f  

direction cosines with the lower sign but opposite sense. 

Substituting A2 = 2.3084 into the first of relations (1.103) we get 
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Solving relations (c) and (d) we have 
c21 c 2) ?riy = 5 0.1636 3 = o \ 3 2,, = 2 0.6168 

and 

(g'y+ (g)z+ \ 

Chapter 1 35 

(4 

Thus, the principal directions of the tensor are 
--. i (4) 
, = 0.2\14i,- - 0.8285i.~ -0-5\85i3 

(b) Referring to relations (1.143) the maximum values of the non-diagonal components 

o f  the tensor are 

Problem 1.16 

(a) Referring to relations ( 1  -78) to (1 -80) the invariants of the tensor are 

~ I O  P , = - 2 5  =,=O 

Thus, relation ( l .  l O S )  becomes 

A%- 2 5 A K = 0  
The roots of this equation are 

A,=o  A 2 = 5  -A3=-5 
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36 Chapter l 

Substituting AI = 0 into the first two of  relations (2.103) we obtain 

Thus, 
irl <a' 

Jt2 - 0-15A13 

Referring to equation (l.96), fiom the orthogonaiity condition il(') it') = 1 we have 

Solving relations (a) and (b) we get 

The set of direction cosiies with the upper sign specifies the same direction as the set of 

direction cosines with the tower sign but opposite sense. 

Substituting A2 = 5 into the first of relations (1.103) we get 
<l1 (2) 

-52,+4&2+3i \ :2:=0 

Soiving relations (c) and (d) we have 

https://ebookyab.ir/solution-manual-advanced-mechanics-of-materials-and-applied-elasticity-armenakas/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

https://ebookyab.ir/solution-manual-advanced-mechanics-of-materials-and-applied-elasticity-armenakas/


Chapter 1 37 

(b) Refening to Fig. 1P 16 the transformation matrix is 

Substituting (h) into relation (1 -734 we have 
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