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Q1a.  

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: 

 

𝜎 = [

85 −25 12
−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) 

 

ii) Using ∣ 𝝈 − 𝝀𝐈 ∣= 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) 

 

Please turn the page 



Page 3 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 

 
 

 

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 (𝐸𝑚 = 3.2 GPa). 

i) Determine the longitudinal modulus 𝐸𝐿 (iso-strain rule of mixtures).  (3 marks) 

 

ii) The component has cross-sectional area 𝐴 = 240 mm2 and is subjected to a 

longitudinal stress 𝜎𝐿 = 60 MPa. Compute the load carried by each phase (fibre and 

matrix).          (7 Marks) 

 

(iii) Calculate the strain in the fibre and matrix under applied stress and comment on 

compatibility.          (5 Marks) 

    

 

(Total: 25 Marks) 
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Q3a. 

A steel detail experiences the following repeating spectrum block of 1.00 × 105cycles. 

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 
𝝈𝒂(MPa) 

Cycles per block 
𝒏𝒊

 

Fatigue life at 𝝈𝒂 

𝑵𝒇𝒊(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/II/III) 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: 

• Thicknesses: 𝑡1 = 0.012 m,  𝑡2 = 0.009 m,  𝑡3 = 0.005 m 

• Panel lengths: 𝐴𝐵 = 𝐴𝐺 = 0.22 m,  𝐵𝐶 = 𝐺𝐹 = 0.42 m,  𝐵𝐺 = 𝐶𝐹 = 𝐶𝐷 = 𝐷𝐸 =

𝐸𝐹 = 0.32 m 

• Shear modulus: 𝐺 = 27 GPa 

 

 

Figure: Cross section of extruded aluminium member 

 

 

a) Determine the maximum torque 𝑇max  permitted by an allowable shear stress of 

55 MPa.           (8 marks) 

b) For 𝑇max, evaluate the shear stress in each wall; indicate magnitude and sense (sketch 

the shear-flow distribution).        (4 marks) 

c) Under 𝑇max, 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 𝜎𝑦 = 140 MPa. 

 

 
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 𝑍𝑝for a frame member and explain its 

significance in estimating plastic moment capacity 𝑀𝑝 = 𝜎𝑦𝑍𝑝 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 𝑍𝑝at those 

sections for 𝜎𝑦 = 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 𝑍𝑝. 

(5 marks) 

 

(Total: 25 Marks) 

 

----------END OF QUESTIONS----------- 

Please turn the page for the formula sheet 
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FORMULA SHEET 

 

STRESS & STRAIN IN 3D 

Stress Tensor 

𝜎 = [

𝜎𝑥 𝜏𝑥𝑦 𝜏𝑥𝑧

𝜏𝑥𝑦 𝜎𝑦 𝜏𝑦𝑧

𝜏𝑥𝑧 𝜏𝑦𝑧 𝜎𝑧

] 

 

Stress Invariants 

𝐼1 = 𝜎𝑥 + 𝜎𝑦 + 𝜎𝑧 

𝐼2 = 𝜎𝑥𝜎𝑦 + 𝜎𝑦𝜎𝑧 + 𝜎𝑧𝜎𝑥 − (𝜏𝑥𝑦
2 + 𝜏𝑦𝑧

2 + 𝜏𝑥𝑧
2 ) 

𝐼3 = 𝜎𝑥𝜎𝑦𝜎𝑧 + 2𝜏𝑥𝑦𝜏𝑦𝑧𝜏𝑥𝑧 − 𝜎𝑥𝜏𝑦𝑧
2 − 𝜎𝑦𝜏𝑥𝑧

2 − 𝜎𝑧𝜏𝑥𝑦
2  

 

Principal Stresses 

det (𝜎 − 𝜆𝐼) = 0 

𝜆3 − 𝐼1𝜆2 + 𝐼2𝜆 − 𝐼3 = 0 

 

Principal Directions 

(𝜎 − 𝜎𝑖𝐼)𝑣𝑖 = 0 

𝑒𝑖 =
𝑣

√𝑙2 + 𝑚2 + 𝑛2
 

 

Yield Criteria 

Von Mises 

𝜎𝑣𝑚 = √
1

2
[(𝜎𝑥 − 𝜎𝑦)2 + (𝜎𝑦 − 𝜎𝑧)2 + (𝜎𝑧 − 𝜎𝑥)2] + 3(𝜏𝑥𝑦

2 + 𝜏𝑦𝑧
2 + 𝜏𝑥𝑧

2 ) 
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Tresca 

𝜎Tresca = max (∣ 𝜎1 − 𝜎2 ∣ ,   ∣ 𝜎2 − 𝜎3 ∣ ,   ∣ 𝜎1 − 𝜎3 ∣) 

 

THIN-WALLED MULTI-CELL TORSION 

Shear Flow & Stress 

𝑞 = 𝜏𝑡, 𝜏 =
𝑞

𝑡
 

 

Single Closed Cell 

𝑇 = 2𝐴𝑞, 𝑞 =
𝑇

2𝐴
 

𝐽 =
4𝐴2

∮ 𝑑𝑠/𝑡
 

𝑇 = 𝐺𝐽𝜃′, 𝜃 = 𝜃′𝐿 

 

Multi-Cell Sections 

𝑇 = 2 ∑ 𝐴𝑖

𝑛

𝑖=1

𝑞𝑖 

𝜃′ =
1

2𝐴𝑖
∮

𝑞(𝑠)

𝐺 𝑡(𝑠)cell 𝑖

 𝑑𝑠 

𝑞wall = 𝑞𝑖 − 𝑞𝑗 

 

Open Thin-Walled Sections 

𝐽open = ∑
𝑡𝑖𝑙𝑖

3

3
𝑖

 

𝜏𝑖(𝑠) =
𝑇𝑠𝑖

𝐽open𝑡𝑖
 

𝜃open
′ =

𝑇

𝐺𝐽open

 

Please turn the page 
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%increase =
𝜃open − 𝜃closed

𝜃closed

× 100% 

 

FRACTURE MECHANICS 

Stress Intensity Factor 

𝐾𝐼 = 𝑌 𝜎√𝜋𝑎 

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 = 1.12 

 

Through crack of length 𝟐𝒂in a finite-width plate 𝒘 

𝑌 = sec (
𝜋𝑎

𝑤
)

1/2

valid for
2𝑎

𝑤
≤ 0.7 

 

Edge crack of length 𝒂in a plate of width 𝒘 

𝑌 = 0.265 (
𝑏

𝑤
)

4

+
0.875 + 0.265(𝑎/𝑤)

(𝑏/𝑤)3/2
 

 

where 𝑏 = 𝑤 − 𝑎. 
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GRIFFITH–IRWIN ENERGY APPROACH 

Energy Release Rate 

𝐺 =
𝑑Π

𝑑𝐴
 

 

Griffith Criterion 

𝐺 = 2𝛾𝑠 

 

 

Relationship Between 𝑮and 𝑲 

Plane Stress 

𝐺 =
𝐾2

𝐸
 

 

Plane Strain 

𝐺 =
𝐾2

𝐸′
=

𝐾2

𝐸/(1 − 𝜈2)
 

 

Critical Conditions 

𝐺 = 𝐺𝑐 , 𝐾 = 𝐾𝑐 
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FATIGUE — MINER’S RULE 

𝐷𝑖 =
𝑛𝑖

𝑁𝑓𝑖
 

𝐷block = ∑
𝑛𝑖

𝑁𝑓𝑖

𝑖

 

∑
𝑛𝑖

𝑁𝑓𝑖

𝑖

= 1 

𝑁blocks =
1

𝐷block

 

𝑁total = 𝑁blocks 𝑛block 

 

 

 

 

COMPOSITE MATERIALS 

𝑉𝑓 =
𝐴𝑓

𝐴𝑐
, 𝑉𝑚 = 1 − 𝑉𝑓 

𝐸𝑐 = 𝑉𝑓𝐸𝑓 + 𝑉𝑚𝐸𝑚 

𝜎𝑐 = 𝑉𝑓𝜎𝑓 + 𝑉𝑚𝜎𝑚 

𝜀𝑐 = 𝜀𝑓 = 𝜀𝑚 

𝜎𝑓 = 𝐸𝑓𝜀𝑐 , 𝜎𝑚 = 𝐸𝑚𝜀𝑐 

𝐹𝑓 = 𝜎𝑓𝐴𝑓, 𝐹𝑚 = 𝜎𝑚𝐴𝑚 

 

PLASTIC ANALYSIS — HINGES 

𝑀𝑝 = 𝜎𝑦𝑍𝑝 

𝑍𝑝 = ∑𝐴𝑖𝑦𝑖 

∑𝑃𝑖Δ𝑖 = ∑𝑀𝑝,𝑗𝜃𝑗 

Please turn the page 
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Portal Frame Mechanisms 

𝐻𝑐 =
4𝑀𝑝

ℎ
 

𝐹𝑐 =
4𝑀𝑝

𝐿
 

𝐻Δ + 𝐹𝛿 = ∑𝑀𝑝𝜃 

 

RHS Plastic Modulus 

𝑏 = 𝐵 − 2𝑡, 𝑑 = 𝐷 − 2𝑡 

𝑍𝑝,RHS =
𝐵𝐷2 − 𝑏𝑑2

4
 

𝑍𝑝,req =
𝑀𝑝,req

𝜎𝑦
 

 

 

 

PHOTOELASTICITY — STRESS–OPTIC LAW 

Δ𝑛 = 𝐶(𝜎1 − 𝜎2) 

𝛿 =
2𝜋

𝜆
Δ𝑛 𝑡 

𝛿 =
2𝜋

𝜆
𝐶𝑡(𝜎1 − 𝜎2) 

 

 

 

 

 

 

 

Please turn the page 



Page 14 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 

 
 

REFER TO TABLE BELOW (Dimensions and Properties) 

 

 

--------------END OF PAPER-------------- 


