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QUESTION 1

1.1 What are the basic kinematic and material assumptions usually made when conducting a
structural evaluation of parts or structures? [4]

1.2 What are the basic force types that may act on a body? Give 2 examples of each. [6]

1.3 Aninfinitesimal cube has six sides. Each side is associated with one normal stress and

two shear stress components. This implies a total of 18 components of stress. Briefly show

how this may be reduced to only 6. [9]
1.4 Write down interpolation functions for the following elements: [6]
b C
d
(25)
QUESTION 2

A new shear pin load cell is to be designed. It uses appropriately located strain gauges
to measure strain and therefore load. The best sensitivity will be obtained where the
largest strain is measured for a given load. As an initial step a strain gauge rosette (3
strain gauges) is placed in the general vicinity of where the maximum strain is to be
expected. Essentially we want to know how should the strain gauges used for the

production model be alighted for maximum sensitivity.

Force

Strain gauges .'

| S [ —
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Figure 1 Schematic of shear pin load cell.
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Figure 2 Strain gauge rosette.

The following strain readings are obtained (E = 200 GPa, v = 0.3):
e £,=300x10°
e & =200x10°
e £=400x10°

Transform the strains obtained by the strain gauges to a general strain state relative to
the coordinate system as shown in Figure 2. [5]

How should the strain gauges be aligned (rotated) to obtain the maximum sensitivity

(linear strain)? What is the maximum expected linear strain? [5]

Derive the constitutive equations for the plane stress case by expanding from Hooke’s

law in tensor notation. [5]
If the general strain state as obtained in Q2.1 is €11 = 100x10°, €2, = 100x10®and €1, =
100x10®. Calculate the general stress state (relative to axis X-Y). [3]
If the general stress state as calculated in Q2.4 is 011 = 200 MPa, 02, =400 MPa and 012
= 200 MPa, what is the expected maximum shear stress. [7]
If the material yield stress is 0o = 300 MPa, check for yielding using both the von Mises

and Tresca Criteria (assume stress state as presented in Q2.5). [5]

(30)
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QUESTION 3

A solid one dimensional bar system is shown in Figure 3. The base (L1) is Nylon whereas the

extension (L) is PVC. Use the finite element method to calculate the 1) end displacement, 2)

the reaction force on the wall and the 3) average stresses.

L1 =50 mm, L, = 60 mm, F; = 2000 N, F> = 4000 N, A; = 100 mm?, A; = 75 mm? and Enyion =
2 GPa, Epyc = 3 GPa.

Ly L,

N

N4
N
N %

AN

~F1 —) [

L,/3

Figure 3 1D Bar system

QUESTION 4

Consider the 2D plane stress element in Figure 4.

4.1
4.2
4.3
4.4
4.5
4.6

Calculate the shape functions associated with the three nodes i, j and k.

Calculate the appropriate load vectors.

Calculate the total force vector.

Calculate the material property matrix.

Calculate the matrix that relates the strains to the displacements.

If the nodal displacements of the element are as follows:

u, 1
Vv, 2
u; 1 S
= x107°mm
v, 2
u, 1
Vv, 2

What are the displacements at the point (2,2)?

(20)

[4]
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4.7 Calculate the stress state of the element.

Y (mm)
4 - j Thickness 2 mm
E =200 GPa
3 - v=0.3
a=2x10%/C
2 - AT=100TC
1 S k i
+ 434
20 N/mm?
| { | | X (mm)

1 2 3 4

Figure 4 Plane stress triangular element

[5]

(25)
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Equation sheet

UE E

_ A= —=2G
oy =2G&; + A& I, (1+v)1-2v) 1+0
&= ;8 &5 Oy = ;8,05
cos? 0 = (cos26 +1) Sin? 0 — (1—cos26)
2 2
2sin6cosO = sin20 cos? 0 —sin® 0 = cos 20

3 2 2 2 2
G — (511 +G,, + 033) c + (611522 +G,,G33 +G11033 — 01, —Oy3 — c513) G
2 2 2\ _
- (611522633 +26,,6,303; — 611053 — 0,013 — 633612) =0

3 2 2 2 2
& - (811 +&, + 833) € + (811822 1 E,,E€33 1811833 =€) — €53 — 813) >
2 2 2\
- (811822833 +281,€,385; — €185 — €9,813 — 833812) =0
ax® +bx* +cx+d =0
t*— pt+gq=0
3ac—b? 2b*® —9abc+27a°d

and =
a’ q 27a°

3a 3
tk=21/—Eco 1arcco 3q =3 —kﬁ for k=012
3 3 2p\ p 3

Oy =0, — 03

x:t—£ and p=

1
Oy :ﬁ[(al _02)2 +(O_2 _03)2 +(G3 _01)2]%
1
Oy =—7= [(0'11 _0'22)2 + (0'22 _0'33)2 + (0'33 _0'11)2 + 6(0'122 + O'223 + O':fl)]y2
J2

1
J, = g [(611 — Oy )2 + (522 - C533)2 + (633 - 011)2 + G(sz + 053 + 6123)]

O T I R I I R
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o'y =211 0% | 0% 590 4 5, siN20
2 2
G,y = il 2622 ~ 1" 92 64520 -6, 5N 20
o'y, =22l in20 + o,,c0520
g =82 Bu" %% o500 1 ¢ sin2g
2
£y, = 8“;822 ~ =82 09520 — ¢, SiN20
g, =2 “gin2g ¢, c0S20
b X P, 0 P,
(o Y p, 0 P,
b. X 0
[[B]T[D][B]tA]{u}:aEt(AT) L AALL L H, Px +H, Pl h, +{P}
vl 20-v)|c| 3]Y p, p, 0
by X 0 P P
Ck Y 0 py py
- 1 v 0 g, c 1-v v 0 &,
= = D 1-v 0 g
{O_} [D]{g} 1-,2 v 1 19 &y { } [ ]{ } (1+V)(1 21/) 12y y
O 0 —V yx O 7/xy
! 2 M7 ! 2
&, = (; +O'y +aAT o, :v(O'X +(7y)— EaAT
(1
g, =aAT{1 =(1+v)aAT< 1
0
u2i—1
uZi
- u,.
i =[Blb} TR0 6 0 g 0 ot i=[Blu)
U, .
Yy ¢ b ¢ b c bl *
u2k 1
L u2k
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1 X v

_1( )_11
A_E XY XY + XY = XY = XY — XY =5 Xi Y,
1 X Y
a = X; Y — X Y; b =Y;- Y Ci =X —X;
a; =X Y — XY b, =y, -V Ci =X — X
A =XY; — XY b =Y -y, Ce =X; =X

¢=N;4 +N;p;, + N4 :[N]{CD}

N, =(a,+bx+cy)/2A
N, =(aj +bjx+cjy)/2A
N, =(a, +b x+c.y)/2A

u] [N, 0 N, 0 N, O
v |0 N, 0O N 0 N,

J




