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FINAL EXAM

Exercise N°1 (4 pts)

Given an orthonormal basis (Z,7, E) and vectors: V; = al+j+ bk ;V, =bT+] +ck
1) Write the tensor [P] =V, ® V,
2) Ifa=2
2-1)  Find b and c to get [P] symmetric
2-2)  Calculate the contracted product [P]: 171
2-3) Show that 71 is an Eigenvector for the representative matrix [P]

Exercise N°2 (8 pts)

Consider Cauchy stress tensor [o] defined at the point M(x,y,z):

Cii ik
0y = Y L#] (i=13andj=13) (MPa)
2iei=]j

1) Write the tensor [o]

2) At the facet perpendicular to X direction and without any calculation, write:
2-1) Stress vector
2-2) Normal stress

2-3) Shear vector
2
3) At the facet with normal 77 = g{l} , calculate:

2
3-1) The normal stress

3-2) The magnitude of the shear vector
4) Write the deviatoric tensor

Exercise N°3 (8 pts)

Given a structure, the material is supposed to be a homogeneous continuum. At a point M(x,y,z) is
defined the following stress tensor:

2 -1 0

[¢] =100 [—1 1 0

0 0 -1

(MPa)

1) Determine principal stresses

2) Determine the principal directions

3) Given Young Modulus E=2.10°MPa and Poisson’s Ratio v=0.3, calculate the linear strain tensor
4) By using Strength Rankine Criterion, choose the suitable steel to ensure the strength.

Steel X001 X002 X003 X004
Elastic Limit (MPa) 210 180 320 460




Exercise N°1 (4pts)

. . a b ab a ac
1) [P]=V1®V2=(0.25){1}®{1}=[b 1 cl(o.S)
b c b? b bc
2) Ifa=2
a=bhb
2-1) (0.25*3){b2=ac9 a=b=c=2(0.5)
b=c
. 4 2 4] (2) (18
2-2) [P]:V1=(0.25)[2 1 2]:{1}={9}(0.5)
4 2 41 \2 18
4 2 47 (2 2
2-3)(0.5) |2 1 2]:{1}=2{1} 2= Eigenvalue (0.75)
4 2 4112 2

Exercise N°2 (8pts)

o, = S SUF) (1213 andj = 1,3)
2ijoi=j

1) Stress tensor

2 10 15
[o] = [10 8 30] (1)
15 30 18

2) Stress vector at the facet perpendicular to X direction

2
TM,7) = {10} (0.5)
15
The normal stress: o, =2 (0.5)

0
Shear vector: 7 = 107 + 15k = {10} (0.5)

15
L 2
3) At the facet with normal 7 = R calculate:
2

3-1) The normal stress
. 2 10 157 (2 44
T(M,ﬁ)=[10 8 30]§{1} (0.5)=§{88} (0.5)
15 30 181 \2 96
44 2
RN 1 370
=T(M,n).n= (0.5)- { }-{1}=T=41.11MPa (0.5)
96 2
3-2) The magnitude of the shear vector

44 2 67.55
— — — — - - - - 1
(0.5) T(M, ) = 0pii+T 2 T=T(M,n) —op,n = ;{88} —41.11 {1} = {—11.78} (0.5)
96 2 —50.22

(0.5) |2| = /(—67.55)2 + (~11.78)% + (—56.22)2=88.67MPa (0.5)

4) Write the deviatoric tensor

w

lo] = [o]s + [o]p > [a]p = [o] = a]s (0.5)
2 10 1sl

[23_8 0 0] [ 10 15]
(0.5)[0]D=[10 8 30|-10 £ o —g 30| (0.5)
1530 180 15 o 2] |15 30

3

w | ©
|

Exercise N°3



2 -1 0
[] = 100 [—1 1

0 0 -1

(MPa)

1) Determine principal stresses

200-0, —100 0
(0.5)[c] =| —100  100-o0, 0 —0
0 0 —100 — gy

> (100 + 6,)[(100 — 6,,)(200 — 5,,) —10000] =0 (0.5)
o5 — 3000, + 10000 = 0 > A= 90000 — 40000 = 50000 (0.5)

= —100MPa; 5, = 222200 = 261.80MPa and 0, =~ = 38.20MPa

0p1 = 261.80MPa (0.5); 0y, = 38.20MPa (0.5) and 0,3 = —100MPa (0.5)

26180 0 0
[c]=] 0 3820 0 |(05)
0 0 —100

2) Determine the principal directions

200 —100 0 x x
[c] =|-100 100 0 {y} =0, {y} (0.25)
VA VA

0 0 —100
200x — 100y = 261.80x 61.80x + 100y =0 x=0 0
(0.25) 01 > {—100x + 100y = 261.80y = {100x +161.80y =0-> [y =07V, = {0} (0.25)
—100z = 261.80z —361.80z=0 z=0 0
200x — 100y = 38.20x 161.80x + 100y =0 x=0 0
(0.25) 0> {—100x + 100y = 38.20y > { —100x + 61.80y = 0> {y =0V, = {0} (0.25)
—100z = 38.20z —61.80z =0 z=20 0
200x — 100y = —100x 300x — 100y =0 x=0 0 0
(0.25) 03> {—100x + 100y = —100y = {—100x + 200y =0 > {y =0V, = z{o} let be {o} (0.25)
—100z = —100z zZ=12z zZ=12z 1 1

3) Given Young Modulus E=2.10°MPa and Poisson’s Ratio v=0.3, calculate the linear strain tensor

1 E
g.. O' 6..0’ ) G =
y ZG( U g4y UTkE 2(1+v)

(0.25) &3 = 22 (033 — = akk) s 2 (261.80 - £2200) =0,01401722  (0.25)
(0.25) &5, = = (022 20 ) =13 (38.20 _ 93 200) =.517221E-05  (0.25)
(0.25) £33 = = (033 0 ) = ( 100 — 22 200) =-0,00095 (0.25)

4) By using Strength Rankine Criterion, choose the suitable steel to ensure the strength.

(0.25) og = Max(|oy:|, |02, |ops| = 261.80MPa (0.5) >
We choose Steel X003 (0,=320MPa) (0.5)



