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Q.1a 

Model Answer (Set 1) 
End-Sem Examination, Winter 2025 

Academic Year: 2025-2026 Semester: I 

Class: PG-I Program: Structural Engineering 

Branch Code: CIV Pattern: 2024    

Name of Course: Theory of Plates and 

Shells 

Course Code: 2404511 

a. Explain the distinction between thin and thick plates and state the  

assumptions that are made in thin plates with small deflections. 

the following assumptions are made: 

1. Thickness is small compared to other dimensions: The plate thickness is much 

smaller than its length and width Straight normals remain straight and normal: 

Lines normal to the mid-surface before deformation remain straight and normal to 

the mid-surface after deformation (i.e., no transverse shear deformation is 

considered). 

2. Normal stress in thickness direction is negligible: The stress component 

perpendicular to the plate surface (σz) is assumed to be zero. 

3. Deflections are small: Transverse deflections are much smaller than the thickness 

of the plate; hence, geometric nonlinearity is ignored. 

4. Plane sections remain plane: Plane cross-sections before deformation remain 

plane after deformation. 

5. Material is linearly elastic and isotropic: The plate material obeys Hooke’s law 

and behaves identically in all directions. 

 
Difference between Thin and Thick Plates: 

Aspect Thin Plates Thick Plates 

Thickness (t) 
Small (typically t<L10t < 

\frac{L}{10}t<10L) 

Large (typically t>L10t > 

\frac{L}{10}t>10L) 

Theory Used 
Kirchhoff-Love theory 

(Classical Plate Theory) 

Mindlin-Reissner theory (First-order 

shear deformation theory) 

Shear 

Deformation 
Neglected Considered 

Normal 

Assumption 

Normals remain straight and 

normal 

Normals remain straight but not 

necessarily normal 

Stress 

Distribution 
Linear across thickness Non-linear due to shear effects 
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Accuracy Good for slender plates Necessary for short, thick plates 

Applications Floors, slabs, shells Machine parts, composite panels 

 

Q.2 

a 

Describe the underlying presumptions of Levy's solutions for rectangular plates with 

at least two opposing sides that are simply supported while carrying a load that is 

uniformly distributed. 

 

 

Q.3 

a. Determine the transverse deflection w for a simply supported circular plate with a hole 

of radius a that is subject to evenly distributed moments M1 and M2 along its inner and 

outer borders. Therefore, locate expressions for Mr to solve up to: 

 
Answer: 



 

K. K. Wagh Institute of Engineering Education and Research, 

Nashik 

(An Autonomous Institute from A. Y. 2022-23) 

 
 

 



 

K. K. Wagh Institute of Engineering Education and Research, 

Nashik 

(An Autonomous Institute from A. Y. 2022-23) 

 
 

 



 

K. K. Wagh Institute of Engineering Education and Research, 

Nashik 

(An Autonomous Institute from A. Y. 2022-23) 

 
 

 



 

K. K. Wagh Institute of Engineering Education and Research, 

Nashik 

(An Autonomous Institute from A. Y. 2022-23) 

 
 

 

 
b. Construct the governing differential equation for a circular plate under axisymmetric 
loading starting from first principles. (Deflection Equation for Uniformly Loaded Circular 
Plate) 
 



 

K. K. Wagh Institute of Engineering Education and Research, 

Nashik 

(An Autonomous Institute from A. Y. 2022-23) 

 
 

 

 
c. Determine the transverse deflection w for a circular plate with radius a that is simply 

supported and under evenly distributed load q. Therefore, determine the formulas for 

Mr (Simply supported circular plate exposed to uniformly distributed load). 

and  
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d. Derive the formula for bending a circular plate symmetrically under simply supported 
conditions. 
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Q.4 

a) Describe the benefits and drawbacks of shell constructions in comparison to 

plates and list the presumptions and their implications in the general theory of thin 

elastic shells. 

Advantages of shell structures:  

1. Major load is carried through membrane action and not through bending.  

2. Due to this small thickness can be used, requires less material and is economical.  

3. Shapes are architecturally beautiful and streamlined.  

4. Large floor area uninterrupted by supports is obtained with shells.  

 

Disadvantage of shell structures:  

1. Difficult to analyze.  

2. Difficult to construct due to complex geometry.  

3. Cannot be used as a floor.  

Assumptions made in theory of thin elastic shell:  

1. Stresses in z direction is neglected in comparison with and   

2. Straight line normal to undeformed middle surface remains straight and normal to 

deformed middle surface.  

3. Displacements are small enough so that the changes in geometry of shell are negligible 

for equilibrium.  

4. The material is linearly elastic, homogenous.  

Due to assumption (1) (called Love‟s Hypothesis) the 3-D problems are converted into 

2-D problems. In assumption (2) effect of shear deformation is neglected. Assumption 

(3) makes equations simple and (4) avoid orthotropiy, non-linearity and discontinuities. 

 

 

b) Sort shells according to their geometry. Give examples to illustrate each type. 

Answer: 

Shells can be classified based on their geometry as follows: 

1. Singly Curved Shells: Curved in one direction only (e.g., cylindrical shells). 

2. Doubly Curved Shells: Curved in two directions. 

3. Synclastic: Curvatures in the same direction (e.g., spherical and ellipsoidal 

shells). 

4. Anticlastic: Curvatures in opposite directions (e.g., hyperbolic paraboloid). 

5. Developable Shells: Can be developed onto a plane without stretching (e.g., 

conical shells). 

6. Non-developable Shells: Cannot be flattened without distortion (e.g., spherical 

caps). 



 

K. K. Wagh Institute of Engineering Education and Research, 

Nashik 

(An Autonomous Institute from A. Y. 2022-23) 

 
 

 

c) Draw a cylindrical shell. On the shell surface, display the stress results for a small 

element. Determine the equilibrium equations for this component. 
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d) Describe the membrane hypothesis of shells of revolution. What are its 

presumptions and constraints? 

 Answer: 

Membrane theory assumes that the shell carries only in-plane forces (no bending 

moments). Applicable to shells of revolution like spheres, cones, and cylinders. 

Assumptions: 

• Shell is thin. 

• No bending or twisting moments. 

• Deformations are small. 

• Loads are axisymmetric. 

Limitations: 

• Not valid near boundaries or under concentrated loads. 

• Cannot capture bending effects or edge disturbances. 

Applications: Domes, silos, pressure vessels under symmetric loading. 
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Q.5 

a. Describe the membrane theory of cylindrical shells. 
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b. Write in brief about the D-K-J theory for cylindrical shells while taking the 

Bending Theory: Equilibrium equation into consideration. 
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c. Describe the membrane and bending theories used in shell analysis. 

1. Membrane Theory: 

• Assumptions: 

o Neglects bending stresses; considers only in-plane forces (normal and 

shear). 

• Applicable For: 

o Thin shells under uniform loading with continuous support. 

• Advantages: 

o Simple and useful for preliminary design. 

• Stress Resultants: 

o Membrane forces (N₁, N₂, N₁₂). 

• Equilibrium: 

o Based on geometry and in-plane equilibrium equations. 

Diagram: Show a thin shell element with in-plane forces N₁, N₂. 

2. Bending Theory: 

• Assumptions: 

o Considers both in-plane and bending stresses. 

• Applicable For: 

o Edge zones, concentrated loads, discontinuities. 

• Stress Resultants: 

o Membrane forces + Bending moments (M₁, M₂), shear forces (Q). 

• More Accurate: 

o Useful for full structural analysis. 

Comparison Table: 
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Feature Membrane Theory Bending Theory 

Complexity Simple Complex 

Accuracy Approximate More accurate 

Applicable Regions Middle surface Edge regions, discontinuities 

Load Types Uniform distributed loads Point loads, varying loads 

Stress Types Normal and shear forces Normal, shear, bending moments 
 

d) Describe the benefits and drawbacks of the beam approach of cylindrical shell analysis. (The 
Beam Theory of Lundgren) 
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