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Q1
Part of a landing gear of an aircraft is subjected to the following direct stresses in the x,

y and z directions as shown in the Figure Q1a. The stress tensor matrix for the given

scenario is shown in Figure Q1b.

R 30 0 10
X Axis = 0 0 20
10 20 0O

Figure Q1a. Aircraft landing gear ~ Figure Q1b. Stress Tensor Matrix
Determine the following:
a) Draw the elemental cube showing the stresses acting on it.

(5 marks)

b) Using this information given above prove that one of the principal stress is a

compressive stress of 21 MPa

(10 marks)

c) the angles relative to xyz co-ordinates and make a sketch showing the direction

of these stresses.

(5 marks)

d) If the yield stress for the material is 320 MPa determine the factor of safety

assuming the material follows the Von Misses criterion.

(5 marks)
Total 25 marks
PLEASE TURN THE PAGE.....
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Q2

A 90 X 120mm wide pultruded section fabricated from glass reinforced polyester is

shown in Figure Q2 below with the material specification. The section is used as a

cantilever 3 m in length. Beams are to be used to support a mass of 500 Kg and are

placed at the midpoint of the cantilever. If the beam is designed to have a maximum

design strain of 0.2 %, determine the following using the data from the Table1.

a)

Sketch the effective shape of the cross section and determine the second
moment of area.

(10 Marks)
Determine the stress through the depth of each layer of the beam.

(10 Marks)
Sketch the stress distribution through the depth of each beam and indicate the
salient values.

(5 Marks)
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Figure Q2. Pultruded Cross section of the Beam

Table 1: Details of the composite structure

Material

Efficiency | Modulus Volume Thickness,

Factor, % (GPa) Fraction, % mm
Unidirectional 0.9 65 60 10
Woven Roving 0.5 65 40 10
CSM 0.25 65 30 40
Polyester Resin - 3

PLEASE TURN THE PAGE

Total 25 marks
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Q3
a) The values of the endurance limits at various stress amplitude levels for low-alloy

constructional steel fatigue specimens are given in the Table 2 below where ©
indicates stress value and Nr for number of cycles for fatigue.

Table 2, Stress & number of cycles

s (MN/m2) | Nr(Cycles)
550 1500
510 10050
480 20800
450 50 500
410 125000
380 275000

A similar specimen is subjected to the following program of cycles at the stress
amplitudes stated; Nt =3000 at 6=510 MN/m?, N; =12000 at c=450 MN/m? and Nt
=80000 at o= 380 MN/m?, after which the sample remained unbroken. Determine
the additional cycles the specimen need to withstand at =480 MN/m? prior to
failure? Assume zero mean stress conditions.

(12 Marks)

b) The fatigue behavior of mild steel specimen under an alternating stress conditions
with zero mean stress is given by the expression:
o2 N=K
Where G, is the range of cyclic stress,

Nris the number of cycles to failure and K and ‘a’ are material constants of mild steel.
If it is given that Nr = 106 when a= 300 MN/m? and N = 108 when a = 200 MN/m?.
Determine the constants K and ‘a’ and also find the life of the specimen when subjected

to a stress range of 100 MN/m?.
(13 Marks)

Total 25 marks

PLEASE TURN THE PAGE.....
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Q4.
For the portal frame which supports ship’s hull is shown in figure Q4 below, yield stress

is 120 MPa, determine the following.

a) Show all the possible collapse mechanism for the portal frame for figure Q4.

(5 Marks)
b) Find the plastic modulus (Zp) for the portal frame.
(15 Marks)
c) For the hollow rectangular cross section of the beam find the optimum beam
dimensions for the likeliest failure mode, sketch the cross section showing the
dimensions.

(5 Marks)

F=10 KN

H=5 KN 2m
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Figure Q4, Portal frame with forces.
Total 25 marks
PLEASE TURN THE PAGE.....
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Q5
The cross-section of an extruded aluminium alloy member 3m long is shown

schematically in figure Q5 below. The section is subjected to a torque along its

longitudinal axis. For this situation:

Thickness, t1= 0.015m, t2=0.011 m, t3=0.006 m.
Lengths, AB = AG = 0.25m, BC = GF = 0.45m, BG = CF = CD = DE = EF = 0.35m.
Take Modulus of rigidity, G= 30 GPa.

B by C 2y D
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Figure Q5, Cross section of aluminium alloy

a) Determine maximum torque for an allowable shear stress of 50 MPa.
(8 marks)

b) For each wall thickness evaluate shear stresses in each part of the section and
show the positions by a simple sketch

(4 marks)
c) Under the calculated torque determine the angle of twist
(3 marks)
d) After field trials a redesign has been suggested. This involves removing section
DE from the cross section shown. For this new section determine the maximum
shear stress and the percentage increase in the angle of twist.

(10 marks)
Total 25 marks

END OF QUESTIONS
PLEASE TURN THE PAGE FOR FORMULA SHEETS....
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Formula Sheet

Elasticity — finding the direction vectors
Sy Oxx Txy Txz l
Syl = (Tyx Oyy 1'yZ) (m)
S, Tzx Tzy Ozz n

1

Nat +b7 + ¢t

A' —

Where a, b and c are the co-factors of the eigenvalue stress tensor.

[ =ak [ = cosa,
m = bk m = cos6,
= ok n = cosg.

Principal stresses and Mohr’s Circle
Yield Criterion

0, -0,
Tp = 5

r = G, —0;,
13 2

Von Mises I, = 709
- 2

Tresca

O-H'(.’_\'C(F = 2 ‘T

max

T = Max (

|c71 —02| . |c71 —03|.|c73 —02|

max 2 > p)

2
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Torsion in close thin wall cross section (CTW)

Shear stress varies inversely
with thickness

T
T=—0
2tA4
e Shear flow q
q =Tt

e Applied torque T

T =2qA

e Angle of twist ¢
s 1L ds
44°G7 ¢t

Torsion in multi-cells thin wall cross section

e Section considered as an assembly of N tubular sub-sections (compartments), each

subjected to torque Ti as shown in the figure below:

T

e Total torque
H M

r=37-234

i=1 i
o Common angle of twist for all compartments:
L = '
0= gs% 7 s
4G4, I(S)

PLEASE TURN THE PAGE.....
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o, L (‘1161 _'_(‘]1_‘}'2)63]

T 2G4, | 4 s
P, = L 4205 + (92 —q1)!5
2G4, \ 1, 15

Where q is the shear flow of the main compartment, g is the shear flow due to torque in
adjacent compartments, A, the area of cross-section i, t is the thickness of the cross-

section and s is the circumference of the compartment.

Torsion in open thin wall cross section (OTW)

L .

Shiear stress
7r

1A%
E'_111:74}\: - J

Dvisr angle
LT

@ ==
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el T, =75 =J=Z
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Fracture mechanics

Table: Y values for plates loaded in tension
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(1) Through crack of length 24 in an infinite (2) [Edge crack of length a in an infinite plate
plate Y =112
Y =1 Because plane strain and plane stress have

identical stress fields, this calibration is also
for an edge scratch of depth g on a large
body carrying tensile stress g.

b N
H\\ 1A & \{/ﬁfﬁ i .
b N v,
", H"H\V
(3) Through crack of length 2a in a plate of (4) Edge crack of length a in a plate of width w.
width w,
13 b\* 0875 + 0.265a/w
Y = (m E) DY Y = n.zas(;) L
W W !
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Life Calculations

K =Yolra

da

— C AK m
dN ( )
1—? 1
N = 1 _ a
maom_2|1=""
CY'oc,/'7 5

Composite materials

E . =nEV,+E,(1-V,)

Miners Rule.

n n
Miners Rule Z l+
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Plastic Hinges

DIMEMSIONS AND PROPERTIES

Deesignaton Mags | Arsea Ratsors bor Second Moment Radus Elastic Flastic Torswonal Surface
Size | Thickness| per of |Local Bucking of Area of Gymation Modulus Mot Constants Area
Metre | Secton Axis A3 Aoas | Asis | Asds | Aus | Aucs | Asos per
0o B8 t A m bl e ¥y xx vy w-x ¥y xex ¥y i c Metre
iy ey kg em? | dit | bit | em® | em* em | em Jem? | em® | em® | em? | em* em? m?
Ei ] 25 289 3ea | 170 | 900 | 118 E%--] 1799 | 1199 | a73 | 248 | 592 | 411 nT 573 | 0154
30 341 434 | 137 | To0 | 138 5.54 197 | 107 | 543 | 390 | sBa | 475 135 E.51 0152
2 s 4 50 126 | &38 142 6.20 1.78 | 196 | sea | 413 | 725 | 500 142 &80 0152
4.0 e ] 559 950 | 450 165 T.08 1.7T2 143 | 550 | 472 | 859 | S8 148 T.T7 0150
5.0 5.28 8.73 7.00 | 3.00 8.7 T 1.67 108 | T49 | 526 100 | &80 15.0 B &7 o147
[oe Lol 25 368 458 Z1.0 | 120 28 121 2.2 1.60 | 7.61 603 | 532 T.o2 251 2.73 o154
A0 435 554 17.0 | 103 265 139 218 158 | 82 | 8955 109 KT 0.2 1.2 g2
32 - 52 S8 158 | 950 . | 148 218 | W57 | 82T | TS 115 B 54 0.8 .7 R 1]
40 5.64 TR 120 | TO2 328 7.0 214 1.54 | 109 852 138 10.3 ».T7T 1.7 0150
50 585 873 | 500 | SO0 | 380 1925 | 209 | 150 | 127 | 9.77 | 164 | 122 430 15.7 | oua7
5.3 a3 108 | 652 | 335 | 434 219 | 202 | 144 | 145 | 110 | 192 | 142 €95 176 | oaBg
Bl 0 5.9 574 AT 103 542 180 284 1.53 136 | 9.00 171 10.4 a38 153 0.3z
3.2 562 718 | 220 | 950 | 572 8e | 283 | 183 | 143 | 948 | 180 | 110 “5.2 6.1 0.z32
4.0 690 aTY 170 | T.0O 632 22 27Te 159 17 1.1 2.8 13.2 55.2 18.9 0.220
S0 B.&Z 1T 130 | 500 803 25T 274 155 | 201 129 | 261 157 65.1 21.9 0227
&3 10.3 1217 | 970 | 338 | g3 202 | 267 | 148 | 233 | 148 | 311 | 184 756 248 | 024
8.0 125 18,0 T.00 | 200 105 321 2.58 142 | 265 181 3.5 1.2 B5.8 2T 4 0.9
o 30 624 T84 2T0 | a7 4.4 IS .26 205 188 134 | 232 153 TES Z2.4 o272
e T80 9.42 20 | 109 8.3 |7 32 | 203 | 218 155 | IFr2 180 B9 4 259 0271
50 .99 127 150 | 7.00 127 o 2 .18 187 | 83 197 | M0 | S 116 aze [ F..7
&3 123 158 11.3 | 454 150 5T.0 310 | 191 | A | 28 | 432 | 280 138 8 | 0254
8.0 15.0 19.2 B35 | AE 174 4.5 3.0n 1.84 | 386 258 | 51.4 prd-] 160 43 2 0Z5S
10050 Ao LWy | 854 303 | 127 110 M8 354 | 208 | 9 14T 2T 158 Ba.4 250 02927
3z 713 9.08 283 | 128 18 e 35T | 207 | >2 155 8.9 .7 534 6.4 = e rd
4.0 LBy ] 1.2 20 | 50 140 52 353 | 203 | 279 185 B2 21.5 113 4 G290
S0 o8 137 170 | 700 1457 543 343 199 | 333 | 21.7 | <28 5.8 135 359 o.2ar
G2 13.3 169 | 129 | 4584 197 63.0 342 | 193 | 2904 | 252 | S51.3 | 308 160 429 | 0284
X-] 1683 08 | 950 | 33S ] 7.7 333 | 168 | 4850 | 28T | 814 | 352 185 3.9 0.27T9
TOOS0 20 pET @14 | 33 | 1T 124 S57 | 368 | 247 | 247 | 188 | 202 | 202 2 307 | oz
a8 853 109 | 248 | 137 145 B4.8 IES | 244 | 289 | 1.8 | 358 | 249 142 356 o311
50 1.6 tar | 170 | 900 189 838 | asa | 23 | 378 | 279 | 474 | 329 188 459 | o207
&3 14.2 181 | 129 | 852 | =S 8a1 352 |23 | 450 | 327 | ST3 | s 24 538 | o204
8.0 175 2.4 950 | 450 204 113 J44 | 225 | s28 | ATH 58.7 AT A 265 62.2 0.269
1 200 1] 9.56 123 | 303 | a7 =T T3 | a3 |24 | 379 | 254 | 472 | 289 183 433 | oas
5.0 131 187 | 21.0 | 9.00 =9 928 | 423 |24 | 499 | 329 | 31 | 354 242 560 | O34T
6.3 162 20.7 160 | &52 354 18 a8 | 23T | =BT 38 | TET | 453 50 859 0344
8.0 201 5.8 120 | 450 4TS 135 408 | 23 | TOB8 450 | s2.7 55,4 ] 6.8 0.X
1 2080 50 147 187 21.0 | 120 IS 182 442 | 321 B9 | 482 | T8 561 01 mwme 0.3a7
8.3 8.2 22 1650 | .70 440 30 433 | 315 | A3 | 576 | 910 | 682 487 g28 0354
80 28 288 120 | 700 525 i ] 427 | 3048 | a75 | 631 "1 26 537 110 0,379
100 27.4 349 200 | 500 B9 313 18 2589 102 Ta 13 97.3 58 126 0374
150100 4.0 15.1 192 | 45 | =0 | 857 324 SE3 | 411 | 810 | s4m | 974 | Tas S50 105 | 0.490
50 1868 | 23T | 270 | 170 | T2 22 | 558 | 407 | 9as | Tas | 11e | L0 B8oT 127 | o.4a87
6.3 Fa R 35 | 08 | 128 3= ] AT4 552 | 4 120 | S48 | 147 1o =1 153 0484
8.0 289 358 158 | 9.50 ca7 559 Soad | 354 145 114 180 135 1303 183 0479
10.0 353 449 | 120 | ToO | 1282 655 S34 | 385 | 171 133 | 218 161 1432 214 | 0.4T4
¥25 428 | S48 | 500 | 500 | 1438 T3 | 522 | 374 | 198 | 153 | 28 | 190 1679 245 | 0.453 |
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