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Syllabus of Ph.D. Qualification Examination (SJTU-ME)
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Exam Topic | (English) solids Mechanics
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Exam Format

Closed-book exam, 1 hour

*E1% Hx

Exam Target

[ 3 27 o S AT UG R R 2 23 A o HLBR BT TN I i i 5 4
S LA, A 50T T (R A R AR G [ g 2 ARt 3 A
%o

i R AR SR AR AR S [ 44 7 2 R Al iR i) S 4R AR
FE, B FEARRZTI RIE . RBEFAT 9 LHLHI R PR, AR
TR LR I ) R BE ST . I A BT PP IR IS

Solid mechanics is an important foundation in the fields of mechanical
strength analysis, mechanical design, machining and manufacturing, etc.
Doctoral candidates in related fields should have the fundamental
knowledge of solid mechanics and the basic analysis methods.

The examination mainly focuses on the students' mastery of the basic
knowledge of solid mechanics, especially the one related to mechanical
engineering, including:

Understanding of the solid behaviors and mechanisms of loading,
deformation and failure.

, Ability to use solid-mechanics methods and theories to solve simple
problems in the mechanical engineering field.

The exam is expected to provide reference for the doctoral qualification
evaluation.
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1. Stress and strain

o Definition, preliminary analysis of stress and strain;

o Principal stress/strain, octahedral stress/strain, maximum shear
stress/strain, normal stress and shear stress in any section.

2. Basic knowledge of elastoplasticity:

« Basic equations of linear elasticity.

« Using displacement or stress method to solve plane problems of
elasticity with simple boundary conditions;

o Principal stress/strain, octahedral stress/strain, maximum shear
stress/strain, normal stress and shear stress in any section;

o Tresca and Mises yield criteria and their relationship with the
maximum shear stress and octahedral shear stress

« Hardening laws of rigid plasticity, ideal elastoplasticity, power
exponent hardening, etc.

3. Basic knowledge of fracture mechanics:

« Fundamentals of ductile fracture, brittle fracture and fatigue;

o Linear elastic fracture mechanics: Calculating the stress
intensity factor, safety factor, maximum crack length, maximum
allowable stress, etc. under different conditions; Using the
Leak-Before-Broken criterion for pressure vessels design,
plastic influence zone, etc.

e S-N curve: Calculate the fatigue safety factor, estimate the
fatigue life under different average stresses

« Fatigue notch factor and stress concentration factor: estimate the
fatigue life and maximum allowable stress under the given notch
lengths according to the given formula.

4. Basic knowledge of viscoelastic mechanics:
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« The basic concepts of stress relaxation and creep.

o« The combination of Maxwell model and Kelvin model to
describe the linear viscoelastic mechanical behavior of simple
viscoelastic elements.

5. * basic knowledge of damage mechanics:
o *Continuum damage and meso damage mechanics.
6. Basic knowledge of multi-scale mechanical model:

e  The multi-scale nature of solid mechanical behavior;

« *fundamentals of molecular dynamics simulation;

o *fundamentals of dislocations and their relationship with
macroscopic deformation behavior;

« crystal structure and slip systems.

« Basic concepts of crystal plasticity.
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Mechanical Behavior of Materials: Engineering Methods for Deformation,
Fracture, and Fatigue (2nd Edition), Pearson College Div, ISBN-13:
978-0139057205.
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INTEGRATED COMPUTATIONAL MATERIALS ENGINEERING
(ICME) FOR METALS: Using Multiscale Modeling to Invigorate
Engineering Design with Science. Mark F.Horstemmeyer, John & Wiley &
Sons, Inc.
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