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Qla.

Critically evaluate scattered-light photoelasticity (SLP) with phase-stepping for thick
components. Explain the stress—optic law, optical setup calibration, slice reconstruction
and practical sources of error. Give two industrial applications and include clear, labeled
sketches to support your explanation. (12 Marks)

Q1b.

A stress state at a point in a gearbox carrier (MPa) is represented by:

85 —25 12
s—|-25 —30 -18
12 —18 45

i) Draw a properly labeled infinitesimal cube, showing the sense of all normal and shear

components acting on each face. (3 marks)

i) Using | ¢ — Al |= 0, determine the eigenvalues and hence the principal stresses,

stating tension or compression. (5 marks)
iii) Determine the principal directions (unit eigenvectors) using cofactors/eigenvector
relations and indicate them on a neat sketch. Comment on orthogonality checks.

(5 marks)

(Total: 25 Marks)
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Q2a.

Classify composites by reinforcement type and architecture. Critically appraise at least
four continuous fibre systems in terms of stiffness, strength, density, temperature
resistance and durability.

(10 Marks)

Q2b.
A Unidirectional (UD) carbon/epoxy composite has 55 vol% carbon fibres
(Ef = 230 GPa) and 45 vol% epoxy (E,, = 3.2 GPa).

i) Determine the longitudinal modulus E; (iso-strain rule of mixtures). (3 marks)
i) The component has cross-sectional area A = 240 mm? and is subjected to a
longitudinal stress g, = 60 MPa. Compute the load carried by each phase (fibre and
matrix). (7 Marks)
(i) Calculate the strain in the fibre and matrix under applied stress and comment on

compatibility. (5 Marks)

(Total: 25 Marks)
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Page 4 of 14

University of Greater Manchester

Off Campus Division, Western International College — Ras Al Khaimah
BEng (Hons) Mechanical Engineering

Semester One Examination 2025/2026

Advanced Materials & Structures

Module No.: AME6012

Q3a.
A steel detail experiences the following repeating spectrum block of 1.00 x 10°cycles.
Using Miner’s cumulative damage hypothesis; determine: (i) the damage per block, (ii)

the number of blocks to failure, and (iii) the expected total life (cycles).

Table 1: Stress & number of cycles

Stress Amplitude Cycles per block Fatigue life at o,
o,(MPa) n; Ny;(cycles)

380 8000 60000

320 12000 220000

270 20000 700000

240 30000 2000000

210 30000 15000000
State any assumptions on mean stress and loading sequence. (13 Marks)
Q3b.

Using the Griffith—Irwin energy approach, explain the role of energy release rate G and its
relationship to stress intensity factor K in plane stress and plane strain. Justify the three
fracture modes (I/lI/lll) with clear, labeled sketches, and comment on R-curves and

thickness effects on apparent toughness. (12 Marks)

(Total: 25 Marks)
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Q4.

The thin-walled, multi-cell extruded aluminium member (length 3 m) of Figure Q5 is
subject to torque T about its axis. Wall thicknesses and panel lengths are:
e Thicknesses: t; =0.012 m, t, = 0.009 m, t; = 0.005 m
e Panel lengths: AB = AG =0.22m, BC = GF =0.42m, BG = CF = CD = DE =
EF =032 m
e Shear modulus: G = 27 GPa

151

; f T B

Figure: Cross section of extruded aluminium member

a) Determine the maximum torque T, permitted by an allowable shear stress of
55 MPa. (8 marks)
b) For T,,.x, €valuate the shear stress in each wall; indicate magnitude and sense (sketch
the shear-flow distribution). (4 marks)
c) Under T,,.«, determine the angle of twist over the 3 m length. (3 marks)

Q4. Continues over the page
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Q4. Continued...

d) A redesign removes panel BG (converting the left-hand cell into an open section). For
this modified section, determine the new maximum shear stress under the same torque
as in part (a) and the percentage increase in angle of twist. State assumptions regarding

warping restraint and compatibility. (10 marks)

(Total: 25 Marks)

Q5.

The portal frame shown in Figure has fixed bases, column height h = 2.8 m, beam span
L = 4.2 m, a vertical mid-span load F = 12 kN, and a top-level horizontal load H = 8 kN
acting to the right at the left column head. The yield stress of the steel is o, = 140 MPa.

F=12 kN
H =8 kN ‘l‘
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£
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2'1m 2‘1m
L=42m >

Figure: Portal frame with forces

Q5. Continues over the page
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Q5. Continued...

a) Define and discuss plastic hinges in structural analysis and how they are used to
identify collapse mechanisms in portal frames. (5 marks)

b) Describe the calculation of plastic modulus Z,for a frame member and explain its
significance in estimating plastic moment capacity M,, = 0,,Z,, and collapse load.
(5 marks)

c) For the frame in Figure, identify and illustrate all plausible collapse mechanisms (sway,
beam, combined). (5 marks)

d) Using upper-bound plastic analysis, determine the required plastic moment capacities
at the critical hinge locations and hence the required section plastic modulus Z,at those

sections for g, = 140 MPa. State assumptions on hinge locations and yield lines.
(5 marks)

e) For a rectangular hollow section (RHS) beam, outer depth D = 160 mm, outer width
B = 80 mm, choose a wall thickness tto satisfy the likeliest failure mode from part (c).
Provide a sketch with dimensions and show checks against the required Z,,.

(5 marks)

(Total: 25 Marks)

Please turn the page for the formula sheet
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FORMULA SHEET

STRESS & STRAIN IN 3D

Stress Tensor

Ox Txy
o=|Txy Oy
Txz Tyz

Stress Invariants

L =0y +o,+o0,

Txz
Tyz

Oy

_ 2 2 2
I, = 0x0, + 0,0, + 0,0, — (Txy + T35 + Txz)

— 2 2 2
I3 = 0,00, + 2Ty Ty, Ty, — OxTyy — OyTxz — O,Txy

Principal Stresses

det(c—AI) =0

13_11/12"'12/1—13:0

Principal Directions

(O' — O'il)vl' =0

v

el
VIZ + m? + n?

Yield Criteria

Von Mises

1
Oym = \/E [(o, — Uy)z + (Uy - UZ)Z + (0, — Gx)z] + 3(1',%3, + ngzz + TJZCZ)
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Tresca

Orresca = Max (l oy — o3|, loy—031, |og—o031)

THIN-WALLED MULTI-CELL TORSION

Shear Flow & Stress

Single Closed Cell

Multi-Cell Sections

Open Thin-Walled Sections

q
= t’ = —
q T(, T "
T =24 —T
4A?
]=
$ds/t

T =GJ0',0 =0'L

n
T = ZZAlql
i=1

e q(s)
24; Jeen 1 G E(S)
Qwall = qi — 4
t17
]open = T
i
( ) TSl'
7;(8) =
' Jopenti
T

! —_
Bopen = & oo

ds

Please turn the page



Page 10 of 14

University of Greater Manchester

Off Campus Division, Western International College — Ras Al Khaimah

BEng (Hons) Mechanical Engineering
Semester One Examination 2025/2026
Advanced Materials & Structures
Module No.: AME6012

Hopen - Bclosed

%increase = X 100%
Hclosed
FRACTURE MECHANICS
Stress Intensity Factor
K, =Y ovma

Geometry Factor Yfor Common Cracks
Through crack of total length 2ain an infinite plate

Y=1

Edge crack of length a in an infinite plate

Y =112
Through crack of length 2ain a finite-width plate w
na
Y = T
sec (W)

Edge crack of length ain a plate of width w

1/2 _ 2a
valid for— < 0.7
w

b\* 0.875 + 0.265(a/w)
Y = 0.265 (—) O

where b = w — a.
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GRIFFITH-IRWIN ENERGY APPROACH

Energy Release Rate

- dIl
T dA
Griffith Criterion
G = 2y
Relationship Between Gand K
Plane Stress
KZ
G=—
E
Plane Strain
K? K?

CCETTEa-w

Critical Conditions

G=G.,K=K,
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FATIGUE — MINER’S RULE

D, =
D e
block —
oC Nfl
;
n;
L -1
Nfi
;
v 1
blocks = T~
°“* " Ditock

Niotal = Nplocks Molock

COMPOSITE MATERIALS

Ay

E. = ViEf + ViuEpy

oc = Vror + Vipop,

Ec =& =&y

or = Efe;, 00y = En&.
Fr = 0 Ag, By = oAy

PLASTIC ANALYSIS — HINGES

My, = oy Zy
Zn = YA
YPA =¥ M, ;6;
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Portal Frame Mechanisms

4M
Hc=Tp

4M
F,=—%
¢ L

HA + F§ = Y.M,0

RHS Plastic Modulus
b=B—-2t,d=D -2t

BD? — bd?
Zp,RHS = T
Zp,req _ Mz_,req
y

PHOTOELASTICITY — STRESS-OPTIC LAW

An = C(01 — 03)
21

0= TAnt
21
6 = TCt(O-l - 0-2)
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REFER TO TABLE BELOW (Dimensions and Properties)

DIMENSIONS AND PROPERTIES
poaton Mass | Area Ratios for | Second Moment Radws Clastic Plastc Torsional Surtace
Sze | Thickness| per of |Local Bucksng of Area of Gyraton Modudus Mod A5 Constants Area
Metrs | Secton Axs Ascs | Axs | Avs | Axds | Axs | Acs | Ass pet
o8 t A m o xx Yy xx | yy | xx | yy | xx | yy J [~ Metre
mn mn b Jom? lartvit]lem* | em* |em | eom|em®|em® |em® |em? | em® | em® | w2

SO0 25 289 | 363 | 170|900 | 118 | S22 |1 |19 |a«n3 3|52 a1 | 17 | 573 [0S
30 341 | 434 | 137|700 136 | 594 | 177 | 117 | 54 | 390 | 688 | 478 | 135 | 851 | 0152

32 361 | 490 1126 | 638 | 142 | 620 | 178 | 116 | 568 | 413 | 725 | 500 | 142 | 680 | 0152
40 439 | 559 | 950 | 450 | 165 | 708 | 172 | 113|660 | 472|859 | sea | 166 | 7.77 | 0150
50 S28 | 673 | 700 {300 | 187 | 789 | 167 | 108 | 749 | 526 | 100 | 620 | 190 | 867 | 047
60x 40 25 363 | 468 | 210 | 100 | 28 | 129 | 221 | 160 | 761 | 603 | 932|702 ] 251 | 973 | 019«
30 435 | S54 | 170 | 103 | 205 | 139 | 218 | 158 |en2 | 695 | 109 | 819 | 292 | 112 | 092

32 462 | S88 | 158 | 950 ) 278 | 148 | 218 | 157 | 927 | 729 | 115 | sea | 08 | 117 |02
40 S64 | 719 | 120 | 700 | 328 | 170 | 214 | 154 | 109 | es2 | 138|103 | w7 | 137 |0
50 685 | 873 | 900 | SCO| 381 | 195 | 209 | 150 | 127 | 977 | 164 | 122 | 430 | 157 | 0187
63 831 | 1068 | 652 |33 | ©4 | 219 | 202 | 144 | 145 | 110|192 | 142 | <95 | 178 | 018«
B0x40 30 $29 | 674 | 07 | 103 | 542 | 180 | 284 | 163 | 136 | 900 | 171 | 104 | @8 | 153 o
32 S62 | 718 | 20 | 950 | 572 | 189 |26 | 163 | 143|948 | 180 | 110 | 452 | 161 |0o2n

40 690 | 879 | 170|700 | &2 | 222 |27 | 159 |7y |11 | 218 ] 32| 52 | s |ozw
s0 842 | 107 | 130 | SO0 | 803 | 257 | 274 | 155 | 209 | 129 | 261 | 157 | 651 | 219 | 0227
63 103 | 139 | 970133 | 933 | 292 | 267 | 140 | 233 | 146 | 311 | 184 | 756 | 248 | o224
80 125 | 160 | 700 | 200 | 105 | 321 |258 | 142|265 | 161 | s | 212 | 658 | 274 | 0219
P50 30 624 | 794 | 270 | 137 | 844 | X35 | 326 | 205 | 188 | 134 | 232 | 153 | 765 | 224 | o022
s 740 | 942 | 220 | 109 | 933 | 387 |3 |203 |8 | 155|272 | 180 | 894 | 259 | o2n

50 999 | 127 | 150 | 700 | 127 | @2 |18 | 197 |23 | w97 | Mo | s | 116 | 29 |07
63 123 | 156 | 113 | 494 | 150 | 570 | 310|191 |83 | 28 |2 200 138 | 351 | ozs4
80 150 | 192 | 825 | 325 | 174 | 646 | 301 | 184 | 386 | 258 |s14 | 29| 1@ | ©2 |02
10050 30 671 | 854 |03 [ 137 | 110 | 38 |35 | 208 | 219 | 147 | 273 | 168 | 834 | 250 | o2
32 713 | 908 | 283 | 126 | 116 | 388 |3s7 |207 | 02| 155 | 289 177 | 994 | 264 |02

40 878 | 112 |20 (90| 140 | 42 |33 |20 |79 |es|as2 || 113 | 314 |02
50 108 | 137 | 170|700 | 167 | S43 |36 |19 | 3| 217 | 20 | 258 135 %9 | o2y
63 133 | 169 | 129 [ 404 | 197 | 630 |34 |19 | 4| 252|513 | 08| 160 | 4«29 | 0284
80 163 | 208 | 950 [ 325 ) 230 | 717 |33 | 106 |40 | 297 | 614 | 363 | 188 | a9 |0z
10| 0 TA8 | 914 | 03 | 170 | 124 | S57 | 368 | 247 | 247 | 188 | 02| 212 2 307 | 032
s 853 | 109 | 248 | 137 | 145 | 648 | 365 | 244 | 2890 | 216 | 356 | 249 | 142 | 356 | 0y

50 118 | 147 | 170|900 | 189 | 836 | 358 |23 | 378 | 279 | 474 | 329 | 188 | 459 | 007
63 142 | 181 | 129|652 | 225 | 081 | 352 | 233 | «50 | 327 | 573 | 395 | 224 | 538 | oM
80 175 | 24 | 950 | 450 | 264 113 | 344 | 225 | 528 | 378 | 687 | a7 265 | 622 |02
12000| 38 068 | 123 103 |17 | 27 | 163 |« |20 | e | e | 72| 289 | 183 | 43 |03t
50 131 | 167 | 210 | 900 | 299 | 988 |4 |20 | ©9 | 29 | &1 | 384 ]| 22 | 50 | 03w

63 162 | 207 | 160 | 652 | 358 16 | 418 |23 |97 | e | 767 |43 | 290 | 659 | 03«4
425

s

“W0

55

609

07

9

()

1087

1252

1433

80 201 | 2568 | 120 | 450 135 | 408 | 230 | 708 | 450 | 927 | 554 44 766 | 0%
120680 50 147 | 187 | 210 | 130 199 | 442 | 321 | 609 | 482 | 748 | S5 “01 79 | oWy

63 182 | 222 | 160 | 870 220 |43 315 | D3 | S76 | 910 | 682 7 929 | 034
80 26 | 288 | 120 | 700 273 | 427 | 308 | 875 | et | 111 | 826 a7 110 | 0379

100 274 | 349 | 900 | SO0 M3 410 ) 299 | 102 | 781 | 131 | 973 623 126 | 0374
150100 40 151 192 | M5 | 20

50 186 | 237 |70 | 170
63 2.9 | 295 | 208 | 129
80 289 | %8 | 158 | 9%
100 353 | 449 | 20| 700
125 428 | 546 | 900 | SO

324 | 563 | 411 | 810 | 648 | 974 | 738 “N 105 | 0.4
32 | 558 | 407 | 9SS | 735 | 119 | 901 807 127 | o7
474 | 552 | 401 | 120 | 948 | 147 | 110 985 153 | 0484
S60 | S44 | 304 | 145 | 114 | 180 | 135 1200 183 | 0479
€55 | S3 385 | 171 | 133 | 216 | 151 1432 214 | 0474
783 152 |374 | 198 | 153 | 298 | 10 1679 24 | 043




