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Concept of Stress 

• The main objective of the study of mechanics 

of materials is to provide the future engineer 

with the means of analyzing and designing 

various machines and load bearing structures. 

• Both the analysis and design of a given 

structure involve the determination of stresses 

and deformations.  This chapter is devoted to 

the concept of stress. 

 

contents.ppt


© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

1 - 3 

Contents 

Concept of Stress 

Review of Statics 

Structure Free-Body Diagram 

Component Free-Body Diagram 

Method of Joints 

Stress Analysis 

Design 

Axial Loading: Normal Stress 

Centric & Eccentric Loading 

Shearing Stress 

Shearing Stress Examples 

Bearing Stress in Connections 

Stress Analysis & Design Example 

Rod & Boom Normal Stresses 

Pin Shearing Stresses 

Pin Bearing Stresses 

Stress in Two Force Members 

Stress on an Oblique Plane 

Maximum Stresses 

Stress Under General Loadings 

State of Stress 

Factor of Safety 

contents.ppt


© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

Introduction to Mechanics of Materials 

Definition: Mechanics of materials is a branch of applied 

mechanics that deals with the behaviour of solid bodies 

subjected to various types of loading 

            Compression   Tension (stretched)   Bending       Torsion (twisted)       Shearing 
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Introduction to Mechanics of Materials 

Fundamental concepts 

• stress and strain 

• deformation and 

displacement 

• elasticity and 

inelasticity 

• load-carrying 

capacity  

Design and analysis of mechanical 

and structural systems 
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Introduction to Mechanics of Materials 

•  Examination of stresses 

and strains inside real 

bodies of finite dimensions 

that deform under loads 

•  In order to determine 

stresses and strains we use: 

1. Physical properties of 

materials 

2. Theoretical laws and 

concepts 
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Mechanics of Materials 

• External Loads produce Internal Loads 

• Internal Loads cause a body to deform 

• Internal Loads cause stress 

• How much does body deform? 

• How much stress? 

• Is it Safe at this stress? 

• How big should it be so stress is low 

enough? 
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Statics Review:  External Loads 

One body 

acting on 

another 

Small contact area; 

treat as a point 

One body 

acting on 

another w/o 

contact 

Acting on 

narrow area 

FR is 

resultant of 

w(s) = area 

under curve, 

acts at 

centroid  
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External Loads: 

• External loads can be Reaction Loads or 

Applied Loads! 

• Must solve for all unknown external loads 

(reaction loads) so that internal loads can be 

solved for! 

• Internal loads produce stress, strain, 

deformation – SofM concepts! 
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Support Types and Reactions (2D): 
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Support Types and Reactions (2D): 
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Pin connections 

allow rotation.  

Reactions at pins 

are forces and 

NOT MOMENTS. 

 

Degrees of 

Freedom 
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Static Equilibrium 

• Vectors: SF = 0  SM = 0 

 

• Coplanar (2D) force systems: 

SFx = 0 

SFy = 0 

SMo = 0 

 

 

Perpendicular 

to the plane 

containing the 

forces 
• Draw a FBD to account for 

ALL loads acting on the body. 
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STATICS: You need to be able to… 

• Draw free-body diagrams, 

• Know support types and their corresponding 

reactions, 

• Write and solve equilibrium equations so that 

unknown forces can be solved for, 

• Solve for appropriate internal loads by taking cuts 

of inspection, 

• Determine the centroid of an area, 

• Determine the moment of inertia about an axis 

through the centroid of an area. 
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Internal Reactions 

• Internal reactions are 
necessary to hold body 
together under loading. 

• Method of sections - make 
a cut through body to find 
internal reactions at the 
point of the cut. 
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FBD After Cut 

• Separate the two parts 

and draw a FBD of either 

side  

• Use equations of 

equilibrium to relate the 

external loading to the 

internal reactions. 
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Resultant Force and Moment 

• Point O is taken at the 

centroid of the section. 

• If the member (body) is 

long and slender, like a 

rod or beam, the 

section is generally 

taken perpendicular to 

the longitudinal axis. 

• Section is called the 

cross section. 
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Components of Resultant 

• Components are 

found 

perpendicular & 

parallel to the 

section plane. 

 

 • Internal reactions 

are used to 

determine stresses. 
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Coplanar Force System 

V 
Different than 

Fig. 1-3(b) 

Start with internal system 

of forces as shown below 

to get proper signs for V, 

N and M. 
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Example:  Find the vertical reactions at A and B 

for the shaft shown. 
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FBD 

A B 

Ay By 

225 N 

(800 N/m)(0.150 m) = 120 N 

Comment on dashed line around the distributed load. 
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Equilibrium 

Equations 





S








S

N18.75

N363.75

y

y

y

y

yA

A

N75.18A

N225N75.363N120Ay0Fy

B

m400.

)m500(.N225)m275(.N120
B

)m500(.N225)m275(.N120)B(m400.0M+ 

+ 
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1 - 23 

Review of Statics 

• The structure is designed to 

support a 30 kN load 

• Perform a static analysis to 

determine the internal force in 

each structural member and the 

reaction forces at the supports 

• The structure consists of a 

boom and rod joined by pins 

(zero moment connections) at 

the junctions and supports 
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1 - 24 

Structure Free-Body Diagram 

• Structure is detached from supports and 

the loads and reaction forces are indicated 

• Ay and Cy can not be determined from 

these equations 

    

kN30

0kN300

kN40

0

kN40

m8.0kN30m6.00



















yy

yyy

xx

xxx

x

xC

CA

CAF

AC

CAF

A

AM

• Conditions for static equilibrium: 
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1 - 25 

Component Free-Body Diagram 

• In addition to the complete structure, each 

component must satisfy the conditions for 

static equilibrium 

• Results: 

 kN30kN40kN40 yx CCA

Reaction forces are directed along boom 

and rod 

 

0

m8.00





y

yB

A

AM

• Consider a free-body diagram for the boom: 

kN30yC

substitute into the structure equilibrium 

equation 
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1 - 26 

Method of Joints 

• The boom and rod are 2-force members, i.e., 

the members are subjected to only two forces 

which are applied at member ends 

kN50kN40

3

kN30

54

0







BCAB

BCAB

B

FF

FF

F


• Joints must satisfy the conditions for static 

equilibrium which may be expressed in the 

form of a force triangle: 

• For equilibrium, the forces must be parallel to 

to an axis between the force application points, 

equal in magnitude, and in opposite directions 
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Quick answer is welcomed! 
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Stresses types 

Stress  

Normal 

Axial  Bending  

Shear 

Direct / 
Transverse 

Torsion  
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Normal stresses 
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1 - 30 

Stress Analysis 

• Conclusion: the strength of member BC is 
adequate 

MPa 165all 

• From the material properties for steel, the 
allowable stress is 

Can the structure safely support the 30 kN 

load? 

 MPa159
m10314

N1050
26-

3







A

P
BC

• At any section through member BC, the 

internal force is 50 kN with a force intensity 

or stress of 

dBC = 20 mm 

• From a statics analysis 

 FAB = 40 kN (compression)    

 FBC = 50 kN (tension) 

contents.ppt


© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

1 - 31 

Design 

• Design of new structures requires selection of  

appropriate materials and component dimensions 

to meet performance requirements 

• For reasons based on cost, weight, availability, 

etc., the choice is made to construct the rod from 

aluminum all= 100 MPa).  What is an 

appropriate choice for the rod diameter? 

 
mm2.25m1052.2

m1050044

4

m10500
Pa10100

N1050

2
26

2

26

6

3


























A
d

d
A

P
A

A

P

all
all

• An aluminum rod 26 mm or more in diameter is 

adequate 
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Tension stress 
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Tension stress 
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Tension stress 
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Tension stress 
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Tension stress 
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Combined stress example (Normal stresses) 

200kN 

A steel beam with a tensile strength of 

700 MPA is loaded as shown.  

Assuming that the beam is made from 

hollow square tubing with the 

dimensions shown will the loading in 

the x direction exceed the failure 

stress? 

3 

4 

2m 

0.02m 

0.01m 
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200kN 

3 

4 

2m 

160kN 

120kN 

120N 

160kN 

240kN.m 

Step 1: Free body diagram 
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Step 2: Calculate moment of inertia 

0.02m 0.02m 

0.01m 

I=1/12 x (0.024)- 1/12 x (0.014) m4 

=1.25 x 10-8 m4 

A=0.022-0.012 m2 

=0.0003 m2 
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Step 3: Normal, Shear and moment diagrams 

200kN 

3 

4 

2m 

V 

x 

120 

M x 

-240 

120N 

160kN 

240kN.m 

+ 

N 

x 

160 

+ 
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• Stress due to axial loading 

 

 

 

 

• Stress due to bending 

 

 

 

ANS: Total stress greater than failure stress 
therefore failure will occur 

 

MPakPa
A

F
axial 33.533

0003.0

160


MPakPa
I

Mc
bend 1920

1025.1

01.0240
8










Step 4: Calculation of maximum tensile stress 
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Direct shear stress 
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Direct shear stress 
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Direct shear stress 
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Direct shear stress 
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Direct shear stress 
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Direct shear stress 
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Direct shear stress 
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Bearing stress 
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Bearing stress 
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Stress analysis & design 
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Stress analysis & design 
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Stress analysis & design 
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Stress analysis & design 
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Stress analysis & design 
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Stress on an oblique plane 
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Stress on an oblique plane 

contents.ppt


© 2002 The McGraw-Hill Companies, Inc. All rights reserved.  

MECHANICS OF MATERIALS 

T
h

ird
 

E
d

itio
n

 

Beer  •  Johnston  •  DeWolf 

Stress on an oblique plane 
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Stress on an oblique plane 
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Stress on an oblique plane 
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Stress on an oblique plane 
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Stress on an oblique plane 
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Stress on an oblique plane 
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Stress on an oblique plane 
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Stress on an oblique plane 
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Factor of safety & allowable stress 
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Factor of safety & allowable stress 
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Factor of safety & allowable stress 
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Factor of safety & allowable stress 
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