Structural Mechanics—summary and problems
Introduction

The subject isthe study of stresses and strains in bodies. Knowledge of stresses and strains
is needed in the design of engineering components. The subject is dso known as Solid
Mechanics, Mechanics of Deformable Bodies, Mechanics of Materids or Strength of Materids.

Text book:

Mechanics of Engineering Materials Benham, Crawford and Armstrong 2nd edition
Longman 1996.

Outline and preiminary timetable:

WK Chapter Content Pages in textbook

land 2 1 Introduction. Statically 1-14; 16-18; 21-32
determinate for ce systems
(revison).

3 2 Seticdly determinate stress 43-46; 54-58
systems.

4 3 Stress-dtrain relations. 64-74

5 4 Saticdly indeterminate stress 82-84; 88-91
systems.

6 Appendix A | Properties of areas (revision). 598-601

7and 8 6 Bending - stress. 125-137; 147-151

9 7 Bending - dope and deflection. 185-186; 193-202

10and 11 | 8 Stress and drain transformations. | 292-296; 298-301

11 and 12 Revison




Chapter 1 Statically-deter minate for ce systems
Objectives:

understand essential concepts of statics, draw free-body diagrams and solve for reaction
forces and moments.

understand concepts of loading, support and sign conventions for bending and draw shear
force and bending moment diagrams.

understand various other loading conditions and the principle of superposition.
1.1 Revision of statics (pp 1-14; 16-18)

importance of statics

equilibrium conditions and equations

force and moment resolution

types of structural and solid body components and supports

free body diagram: interna and external forces, determinacy and pin-jointed frames
directionsand sgns

1.2 Bending - types of loading, support and sign convention (pp 21-24)

types of loading

types of support
determinacy

force and moment equilibrium
sgn convention

1.3 Shearing for ce (SF) and bending moment (BM) diagram (pp 24-28)

definition

examples

summary of procedures
point of contraflecture

1.4 Other loading conditions and principle of super position (pp 28-32)

torson of members
combination of axid force, bending and torque
principle of superposition



Note 1 - Direction and signs

choose a co-ordinate system

any direction of force or moment can be assumed for the free body diagram

write equilibrium equations according to the chosen co-ordinate system

solve for unknown forces and moments

if the sign of the solution is pogitive, then the direction of the force or moment is the same as
that assumed

if it is negative, then the direction of the force or moment is the opposite to that assumed

Note 2 - proceduresfor drawing SF and BM diagrams
1. Determination of reactions on the beam using static equilibrium

2. Determination of SF and BM at different sections divided by
point loads
couples
supports

3. Calculate SF and BM at critical points
- ends

point loads

couples

zero shear stress

maximum bending moments

4. How SF and BM vary depends external loading
Sk gepwiseif no digtributed loads

linear for uniformly distributed loads
BM linear if no distributed loads

parabolic for uniformly distributed loads

5. Check points
SF abrupt changesin value at supports or concentrated loads, with the magnitude of change
equal to the load acting
BM zero a smply supported ends
changes in value at a couple, with the change equa to the magnitude of the couple

6. Relationships

- introduction of BM does not cause any change in SF
maximum BM at point loads, supports, at a cross-section where SF equals zero or at a couple
change in SF equals the area under the distributed load
change in BM equals the area under the SF diagram (not valid at concentrated |oads or
couples)



Chapter 1 problems
Attempt 1.6, 1.8, and 1.28 from the textbook.
Attempt the following further problem:

Congruct SF and BM diagrams for the following beam:
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Chapter 2 Statically-deter minate stress systems
Objectives:

understand important concepts of stress - normal stress and shear stress, with associated
sgn conventions.

andyse and solve smple stress systems.
2.1 Concepts, definition and sign conventions (pp 43-45)

stress

norma stress

shear stress

stress dement

shear stress rdations
hydrogtatic stress

2.2 Introduction to statically deter minate stress systems (pp 45-46)

assumpti ons/gpproximeations
solution procedures

2.3 Bar and gtrut (column) (p 46)
2.4 Thin sphere (p 54)

2.5 Thin cylinder (pp 54-56)

2.6 Smple shear (p 57)

2.7 Torgson of athin circular tube (pp 57-58)



Chapter 2 problems
Attempt 2.1, 2.9, 2.14 and 2.19 from the textbook.
Attempt the following further problem:

Show that the axid force P producing uniform tenson or compressonin a
prismatic member must act through the centre of the cross-section.




Chapter 3 Stress-strain relations

Objectives:
understand important concepts of deformation and strain including normal, shear and
volumetric grain
understand stress-gtrain rdaions for various engineering materids
understand the concept of various materia constants
apply generd dress-dirain relations to solve smple problems

3.1 Deformation (p 64)

concept
design congderation
various types of deformation

3.2 Strain (pp 64-67)

normd dran
shear grain
volumetric grain

3.3 Material deformation (p 67)
3.4 Stress-strain relations (pp 67-70)

Hooke'sLaw

normd gress and strain, dastic modulus

shear stress and strain, shear modulus

hydrogtatic stress and volumetric strain, bulk modulus
laterd strain and Poisson'sratio

3.5 Thermal strain (pp 70-71)
3.6 General stress-strain relations (pp 71-74)

equetions
plane stress and plane strain

3.7 Strainsin a statically determinate problem (pp 74-75)



Chapter 3 problems
Attempt 3.1, 3.12 from the textbook.
Attempt the following further problem:

A thin cylinder with closed ends has awall thickness of 4 mm, an ingde diameter of 80 mm and
is subject to an internd pressure of 20 MPa. E = 207 GPaand n =0.3. Assume zero radia
stress and calculate the circumferentia stresss, the longitudingl stress's ,, the corresponding
grains and the volumetric srain.

[Answerssy =200 MPg; s, = 100 MPea; volumetric strain = 579.7° 10-6.]



Chapter 4 Statically indeter minate stress systems

Objectives:
understand procedures for andysing saticaly indeterminate stress systems

andyse various practica daticdly indeterminate stress systems
4.1 General solution procedures (p 82)

equations of equilibrium of forces

externd forces from free body diagram

internd force and stressrelation

equations of the geometry of deformation, or compatibility of displacements
equations of load and deformation or stress and strain

4.2 Inter action between components of different stiffnesses (geometry or material) (pp
82-84)

4.3 Thermal problems (p 88-91)

Chapter 4 problems

Attempt 4.1, and dso caculate the strain in each section and the totd strain.
[Answere, = 586.5; eg = 162.5; e; = 375 1e]

Attempt 4.3, 4.8 and 4.11 and if required 4.6.



Appendix A Propertiesof Areas

Objectives:
I ntroduce/revise necessary concepts of centroid and second moment of area.
Understand use of the Pardld Axis Theorem.

Appendix A

Centroid (pp598-599)
_1.
y= 2 Q ydA
__ 1.
N deA
Second moment of area (pp 599-600)
About z-axis |, = () y’dA
About y-axis |, = szdA

Pardld Axis Theorem (p 601)
For zcaxispardld to z axis, and distance b from z axis,
| ,=1, +b’A

where A isthe area of the shape.



Examples

1. The shaded arearesults from moving the centra square from the outer square. Whereisits
centroid? Find the second moment of area about the z axis. Ansl, = 0.0781L4.
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2. Theaeailludrated isformed by removing asmal equilatera triangle from alarge one. Find
the location of the centroid G and the second moment of area about an axis through G pardle
tothe x axis.
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Chapter 6 Bending Stress

Objectives:
to be familiar with static equilibrium and determination of maximum bending moment
(revison)
to be familiar with determination of the centroid and second moments of areaof beams of
various Cross-section
to understand bending problemsin the context of beam design
to understand the derivation of the bending relationship
to be able to use the principle of superposition
to be able to use the bending relationship to solve problems

6.1 Revision of shear force and bending moment (pp 125-129)
6.2 Relationships between loading, shear force and bending moment (pp 130-131)
Differentid forms:

w = dQ

dx
Q=

Integrd forms

2

Qz'lec‘)'WdX

2
M, - M, = RQdx
1

6.3 Stressin pure bending (pp 132-133)
6.4 Deformation in pure bending (pp 133-134)
Longitudina deformation

Transverse deformation



6.5 Stress-strain relationship and normal stressin beams (pp 134-135)

E
R

Sx
y
6.6 Equilibrium of forces and moments (pp 135-136)

6.7 The bending relationship (p136)

6.11 Combined bending and end loading (pp 147-148)
principle of superposition

6.12 Eccentric end loading (pp 148-149)

Chapter 6 Problems

Attempt 6.1, 6.2, 6.10 and 6.22



Chapter 7 Bending Slope and deflection

Objectives:

understand importance of beam deflection in engineering design.
understand deflection and dope equations.

understand step function and Macaulay's method

determination of dope and deflection using Macaulay's method.

7.1 Introduction (p 185)

design beams for strength (Chapter 6)
design beams for giffness (chapter 7)

7.2 The curvature-bending moment relationship (pp 185-186)
7.3 Macaulay's Method (pp 193-202)
7.4 Procedures using M acaulay's method

express BM in asingle expresson in terms of the step function

integrate the dope and deflection equation

determine the two boundary conditions

solve the two integration congtants from the two boundary conditions

obtain the deflection and dope equations

andyse the deflection/d ope equations to find maximum deflection
Chapter 7 Problems

Attempt 7.2, 7.3



Chapter 8 Stressand strain transformations
Objectives:
understand transformeation of stressesin different axis sats.

to be able to understand and use concepts of principal stresses.
to be able to derive maximum shear stressfor any sressfied.

8.1 Introduction (p 292)

one-dimensiona stress systems - normal stress.
two-dimensiond stress systems - norma and shear stress.

8.2 Derivation of transformation equations (pp 293-296)

norma stress on oblique plane.
shear stress on oblique plane.

8.3 Mohr'sstresscircle (pp 298-300)

8.4 Principal stresses and maximum shear stress (pp 301-303)

Chapter 8 Problems

11.7,11.19,11.21



