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Solid Mechanics PhD Qualifying Exam 

Information Sheet and Instructions 

Objective 

Demonstrate a post-undergraduate level understanding of the exam topics and learning 

outcomes defined below. Demonstration of these skills includes the ability to apply 

fundamental principles, make and use appropriate assumptions, and draw connections 

between concepts. This exam is meant to assess the PhD Program Outcomes of subject mastery 

and independent learning. 

A student should develop competence in the material covered in an undergraduate mechanics 

of materials course and an undergraduate machine design course (e.g., CE 203 and ME 372 at 

BYU). Typical engineering questions in these undergraduate courses range from basic concepts 

and straightforward application to advanced questions involving complex machines and the 

synthesis of more than one concept. A student is prepared for the qualifying exam when they 

have mastered the advanced problems.  

Exam Instructions 

 The exam will have approximately 3-5 problems not necessarily of equal weight. All

problems will be graded. Correct work must be shown on each problem to receive

credit (i.e., just an answer is insufficient).

 A score of 70% or higher is considered a passing grade.

 The exam is open book and open notes with the exception of solution manuals, which

are not allowed.

 Calculators are required; however, cell phones and other electronic devices are not

permitted in the exam room.

 The exam has a time limit of 2.0 hours.

 All work should be in neat engineering style with assumptions clearly stated. Work that

is messy or hard to follow will not be graded.
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Exam Topics and Learning Objectives

1. Combined Loads. Design and analyze machine components subjected to axial forces,
bending moments, shear forces, and torsional loads. Select and use appropriate static
failure theories for ductile and brittle materials such as Maximum Shear Stress,
Distortional Energy, and Mohr-Coulomb. Draw shear moment diagrams and locate the
maximum and minimum stresses in machine components. Determine the stresses at a
particular point on the surface or throughout the cross section of a machine
component. Compute principal stresses and strains and the orientation of the stresses
and strains at a point in a machine component. Account for stress concentration factors
in ductile and brittle materials.

2. Deflection. Estimate the deflection of structural members under combined loading
using an energy approach (e.g., Castigliano). Compute reaction forces and moments as
well as deflections in statically indeterminate machine components.

3. Buckling. Select appropriate buckling failure theories, determine critical buckling loads,
and size machine components to prevent buckling failure for statically loaded
compression members.

4. Pressure Vessels and Press Fits. Design and compute the stresses and strains in
axisymmetric machine components. Design and analyze stresses, strains and deflection
in press fits.

5. Fatigue. Design machine components subjected to fluctuating loads using appropriate
fatigue failure theories. Compute the stresses, fatigue life, and predict safety factors in
machine members with infinite and finite life.

6. Beams. Design and analyze curved beams with built-up cross sections and beams with
non-symmetric cross sections.

7. Stress Concentration Factors. Design and analyze machine components with stress
concentrations made from ductile and brittle materials with static and fluctuating loads.

8. Bolts. Size bolts for machine components subjected to static loads. Design and analyze
bolted joints.

Representative courses at BYU: CCE 203: Mechanics of Materials 
MeEn 372: Mechanical System Design 

Representative texts:   Scott, Mechanics of Materials 
Shigley, Mechanical Engineering Design 
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SAMPLE PROBLEMS 
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