
 

 

 

AOT 206 AIRCRAFT STRUCTURES I 
CATEGORY L T P CREDIT 

Year of 
Introduction 

PCC 3 1 0 4 2019 
  

Preamble: The primary goal of this subject is to give students an understanding of the essential 
elements necessary to analyse aircraft structures. Basics are emphasized by the use of mathematics. 
It is intended that the students be shown how to extend and apply these basic tools to typical 
structural problems (beams, columns, etc.). This includes real-life considerations for two-
dimensional and three-dimensional cases.  

Prerequisite: Nil 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Design of prismatic components using suitable failure theory.  
CO 2 Solve deflection of beams under various loading conditions through analytical means.  
CO 3 Use energy principles to solve force and displacement of various members 
CO 4 Analyse statically indeterminate structures. 
CO 5 Analyse basic structural components and systems that are susceptible to instability. 
 

Mapping of course outcomes with program outcomes 

               PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 3 2 1 1        
CO 2 3 3 2 1 1        
CO 3 3 3 2 1 1        
CO 4 3 3 2 1 1        
CO 5 3 3 2 1 1        
 

Assessment Pattern 

Bloom’s Category Continuous Assessment Tests End Semester Examination 
1 2 

Remember 10 10 15 
Understand 10 10 15 
Apply 30 30 70 
Analyse    
Evaluate    
Create    
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Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A contain 10 
questions with 2 questions from each module, having 3 marks for each question. Students should 
answer all questions. Part B contains 2 questions from each module of which student should answer 
any one. Each question can have maximum 2 sub-divisions and carry 14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Explain octahedral shear stress theory. 

2. A steel machine part is statically loaded and has a yield strength of 320 MPa. For the following 
stress states find the factor of safety using each of the three static failure theories 

σx = 70 MPa τxy = 30 MPa 

3. Derive maximum distortion energy theory.  
 
Course Outcome 2 (CO2):  

1. Derive Differential equation of the deflection curve of a Prismatic beams with small angles of 
rotation.   

 2. Derive the shear formula of beams. 

3.  Explain second moment area theorem.  
     
  Course Outcome 3 (CO3): 

 1. Determine the force in each member of the loaded truss by Method of section. 
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 2. Derive strain energy of bending from deflection formula. 

 3. Explain 3D trusses.  

Course Outcome 4 (CO4):  

1. Explain different types of statically indeterminate beams. 

2.  Explain Clapeyron 3 moment equation 

3. Find slope and deflection of beam given below. 

 

 

Course Outcome 5 (CO5):  

1. Which cross-sectional shape is the optimum shape for a prismatic column? 
 
2. Draw Euler’s curve. 

3. Differentiate elastic and inelastic column behaviour. 
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Model Question paper 

QP CODE:                                                                                                 Reg No: -------------------------- 

 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY THIRD SEMESTER B.TECH DEGREE EXAMINATION 

MONTH & YEAR 

Course Code: AOT 206 

AIRCRAFT STRUCTURES I 

Max.Marks:100                                                                                                                        Duration: 3 Hours 

PART A 

Answer all Questions. Each question carries 3 Marks 

1. What is the best suitable theory to design a ductile material? Explain   

2. What are the distinctive stages of a creep failure?   

3. What are the limitations on the use of shear formula?  

4. Explain first moment area theorem.  

5. Explain Castiglianos theorem. 

6. Derive the differential equation of the deflection curve of a beam by non – uniform 
temperature change.  

7. Write different types of statically indeterminate beams. 

8. What are equations of compatibility? Why is it used?  

9. Draw Euler’s curve for a pinned – pinned column. 

10.  Explain shanley theory of inelastic buckling. 

PART B 

Answer any one full question from each module. Each question carries 14 Marks 

Module 1 

11. A cast iron structure is loaded as shown in the figure. The material has ultimate tensile 
strength of 325 MPa and yield strength of 250 MPa. Find the factor safety of the 
structure using best brittle failure theory.                                                                  (14) 
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12. A cylindrical shaft made of steel of yield strength 700 MPa is subject to static loads 
consisting of bending moment 10KN-m and  a torsional moment30 KN-m. Determine 
the diameter of the shaft using  

I. Maximum shear stress theory 

II. Maximum strain energy theory    

               Assuming a factor of safety of 2. Take E = 210 GPa and Poisson’s ratio = 0.25.      (14)  

 

Module 2 

13. (a) Derive the differential equation of deflection curve of a beam with small angle of 
rotation.                                                                                                                                  (10) 

(b) Explain the continuity conditions of simple support beam.                                      (4) 

14. (a) A cantilever beam AB supports a uniform load of intensity q acting over part of 
the span. Determine the deflection and angle of rotation at end B of the beam (The 
beam has length L and constant flexural rigidity EI.)                                                        (8) 

 
(b) Derive the expression for shear stresses in a rectangular beam and draw the 
distribution.                                                                                                                              (6) 
 

Module 3 

15. A cantilever beam ACB supports two concentrated loads P1 and P2, as shown in the 
figure.  

AERONAUTICAL ENGINEERING



 

 

 
I. Evaluate the strain energy of the beam from the bending moment in 

the beam.                                                                                                      (5) 
II. Evaluate the strain energy of the beam from the equation of the 

deflection curve.                                                                                          (5) 
III. From the strain energy, determine the deflection under the load P. (4) 

 
16. Determine the force in each member of the loaded truss by Method of Joints.      (14) 

 
 

Module 4 

17. A propped cantilever beam of length 2L is loaded by a uniformly distributed load 
with intensity q. The beam is supported at B by a linearly elastic rotational spring 
with stiffness KR, which provides a resisting moment MB due to rotation B. Use the 
method of superposition to solve for all reactions. Also draw shear-force and 
bending-moment diagrams, labelling all critical ordinates. Let KR=EI/L.                     (14) 

 
 

18. The fixed-end beam ACB shown in Fig. 10-9 supports a concentrated load P at the 
midpoint. Analyse this beam by solving the fourth-order differential equation of the 
deflection curve (the load equation). Determine the reactions, shear forces, bending 
moments, slopes, and deflections of the beam.                                                             (14) 
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Module 5 

 
19. Derive differential equation of column buckling Columns with pinned end and solve 

for critical load.                                                                                                                     (14) 
 

20.  A) Explain any two inelastic buckling theories.        (8)                                                                    
 B) Explain Euler’s curve.                                                                                                        (4) 
 C) “Buckling is a stability problem”. Comment.                                                                (2) 
 

 
 

 

Syllabus 

 

Module 1 

Theories of failures – In plane and absolute maximum shear stresses, Maximum principle stress 
theory, Maximum shear stress theory, Maximum principle strain theory, Total strain energy theory, 
maximum distortion energy theory, Design of prismatic components under combine stresses, 
Octahedral Shear stress theory. Design against impact loading (Including derivation, for prismatic 
components only), fatigue, creep and stress relaxation (No numerical problems). 

Module 2 

Shear stresses in beams – derivation of shear formula, limitation, warping due to shear stain – 
illustrative problems (rectangular and circular cross sections only). Deflection of Beams – Differential 
equation of the deflection curve (Prismatic beams with small angles of rotation only), Boundary 
condition and continuity conditions, double integration methods (derivations required for cantilever 
and simple support beams with point load only), Principle of superposition, first moment area 
theorem, second moment area theorem.  

Module 3 

Strain energy of bending – Derivation, different loading conditions. Strain energy of twisting – 
Derivation, bars in series, bars in parallel. Castiglianos theorem – applications. Deflection of beam 
caused by non-uniform temperature change. Plane truss analysis – method of joints, method of 
sections. 3-D trusses.  

Module 4 

Statically Indeterminate Beams – Types of statically indeterminate beams, analysis by the differential 
equation of the deflection curve, method of superposition, Clapeyron 3 moment equation, 
temperature effects. 
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Module 5 

Columns  – buckling  and stability, critical load. Columns with pinned ends – Differential equation of 
column buckling, solution of the differential equation, Euler load, critical stress, Euler’s curve, effects 
of large deflections, imperfections and inelastic behaviour, optimum shape of columns. Columns 
with other supporting  conditions  (fixed-free & fixed-fixed only) – effective length. Secant formula 
for  column  and secant curve. Elastic  and  inelastic column behaviour. Inelastic buckling –  Tangent 
–  Modulus theory, reduced modulus theory and shanley theory. 

Text Books 

1. James Gere & Barry Goodno, “Mechanics of Materials”, Thomson-Engineering, 7thedition, 2008.  

2. T.H.G. Megson, “Aircraft Structures for Engineering Students”, Elsevier aerospace engineering, 
Fourth edition, 2007. 
 

Reference Books 

1. Cutler, J. Understanding Aircraft Structures, Fourth Edition. Blackwell, 2005.  

2. Flabel, J.C. Practical Stress Analysis for Design Engineers. Lake City Publishing Company, 1997 

3. An Introduction to Aerospace Structural Analysis, Haisler, Wiley, 1985. 

4. Theory of Elastic Stability, Timoshenko (and Gere), McGraw-Hill, 1961. 

Course Contents and Lecture Schedule  

No Topic No. of Lectures 
1 Module 1 Total: 9 
1.1 Theories of failures – In plane and absolute maximum shear stresses, 

Maximum principle stress theory, Maximum shear stress theory - 
illustrative numerical exercise 

2 

1.2 Maximum principle strain theory, Total strain energy theory, maximum 
distortion energy theory - illustrative numerical exercise 

2 

1.3 Design of prismatic components under combine stresses - illustrative 
numerical exercise 

1 

1.4 Design of prismatic components under combine stresses - extended 
problem solving 

1 

 Octahedral Shear stress theory -  illustrative numerical exercise 1 
1.5 Design against impact loading (Including derivation) - illustrative 

numerical exercise 
1 

1.6 fatigue, creep and stress relaxation (No numerical) 1 
2 Module 2 Total: 10 
2.1 Shear stresses in beams – derivation of shear formula, limitation, 1 
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warping due to shear strain.  
2.2 illustrative problems ( rectangular and circular cross sections only) 

 
1 

2.3 Deflection of Beams – Differential equation of the deflection curve 
(Prismatic beams with small angles of rotation only), Boundary 
condition and continuity conditions 

1 

2.4 double integration methods (derivations required for cantilever and 
simple support beams with point load only), 

1 

2.5 Principle of superposition - illustrative numerical exercise 1 
2.6 Principle of superposition - extended problem solving 1 
2.7 first moment area theorem - illustrative numerical exercise 1 
2.8 first moment area theorem - extended problem solving 1 
2.9 second moment area theorem - illustrative numerical exercise 1 
2.10 second moment area theorem - extended problem solving 

 
 

1 

3 Module 3 Total: 9 
3.1 Strain energy of bending – Derivation, different loading conditions 1 
3.2 Strain energy of bending – Derivation, different loading conditions - 

illustrative numerical exercise 
1 

3.3 Strain energy of twisting – Derivation, bars in series, bars in parallel 1 
3.4 Castiglianos theorem – applications 2 
3.5 Deflection of beam caused by non-uniform temperature change 1 
3.6 Plane truss analysis – method of joints, method of sections 2 
3.7 3-D trusses. 1 
4 Module 4 Total: 10 
4.1 Statically Indeterminate Beams – Types of statically indeterminate 

beams 
1 

4.2 analysis by the differential equation of the deflection curve - illustrative 
numerical exercise 

1 

4.3 analysis by the differential equation of the deflection curve - extended 
problem solving 

2 

4.4 method of superposition - illustrative numerical exercise 2 
4.5 Clapeyron 3 moment equation - illustrative numerical exercise 1 
4.6 Clapeyron 3 moment equation - extended problem solving 2 
4.7 temperature effects 1 
5 Module 5 Total: 9 
5.1 Columns – buckling and stability, critical load 1 
5.2 Columns with pinned ends – Differential equation of column buckling, 

solution of the differential equation, Euler load, critical stress 
1 

5.3 Euler’s curve, effects of large deflections, imperfections and inelastic 
behaviour, optimum shape of columns. 

1 
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5.4 Columns with other supporting conditions (fixed-free & fixed-fixed only) 
– effective length. 

2 

5.5 Secant formula for column and secant curve.  1 

5.6 Elastic and inelastic column behaviour 1 

5.7 Inelastic buckling – Tangent – Modulus theory, reduced modulus theory 
and shanley theory. 

2 
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