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Introduction to Mechanics of Soilds

Detailed Syllobus

Simple Stress
. Normal stress

Bearing Stress
. Shearing Stress
. Allowable Stresses and Factor of Safety
. Applications:
(a) Design of Axially Loaded Members
(b) Riveted And Bolted Connections
(c) Thin-Walled Pressure Tubes and Vessels

Simple Strain
. Strain Definiution

Stress-Strain Diagram

Hook's Law

Defelection of Axially Loaded Members

Generalized Hook's Law

Statically Indeterminate Problems of Axially Loaded Members
Thermal Stresses

Torsion
1. Application of Method of Sections

Basic Assumptions
Torsion Formula

. Design of Circular Members in Torsion

. Angle of Twist of Circular Members
Statically Indeterminate Torsional Members
Torsion of Solid Non-Circular Members
Torsion of Thin-Walled Hollow Members

Axial Force, Shear, and Bending Moment
1. Sign Conension
2. Axial Force, Shear, and Bending Moment Diagrams: Direct Approach
3. Shear and Bending Moment Diagrams: Summation Approach

Bending Stresses in Beams
Limitations of Theory
Basic Kinematic Assumptions
Flexural Formula
Economic Sections
Beams of Two Materials

Shearing Stresses in Beams
1. Some Preliminaries

2. Shear Flow
3. The Shearing Stress Formula for Beams
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4. Limitations of Shearing Stress Formula

Deflection of Beams
1. Strain-Curvature and Moment-Curvature Relations
2. Direct Integration Method
3. Moment-Area Method

Compound Stresses
1. Superposition and its Limitations
2. Skew Bending
3. Eccentrically Loaded Members
4. Superposition of shearing Stresses

Transformation of Stresses
1. The Basic Problem
Equations for the Transformation of Plane Stresses
Principal Stresses
Maximum Shearing Stresses
Importance of Transformation of Stresses
Mohr's Circle of Stresses

Columns
1. Buckling and Stability
2. Columns with Pinned Ends
3. Columns with Eccentric Axial Loads
4. The Secant Formula for Columns
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Text Book:
Introduction to Mechanics of Solids, 1979, by E. P. Popov

References:
1. Mechanics of Materials "2" Edition", 1979, by E. P. Popov.
2. Mechanics of Materials "7 Edition", 2009, by J. M. Gere.
3. Strength of Materials "3™ Edition", 1980, by F. L. Singer.
4. Elements of Strength of Materials "5 Edition", 1971, by S. Timoshenko and Yong.

The following table contains the major subjects that will be given and their location in the text
book. The mimum number of lectures required to cover each subject is also mentioned. The time of
each lecture is 2hours.

Z
e

Subject Location | No. of lectures

Stress and Axial Loads Chapter3 6

Strain, Constitutive Laws and Axial Deformation Chapter4

Torsion Chapter5

Axial Force, Shear and Bending Moments Chapter2

Bending Stress in Beams Chapter6

Shearing Stress in Beams Chapter7

Deflection of Beams Chapterl1

Compound Stresses Chapter8
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Transformation of Stress and Strain Chapter9
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Buckling of Columns Chapter14
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Professor Egor Popov, 1913-2001

Engineering Pioneer Egor Popov UC Berkeley Professor
Emeritus of Civil and Environmental Engineering Egor Popov
passed away after a brief illness, on Thursday, April 19, 2001,
at Alta Bates Hospital in Berkeley, California.

Born in Kiev, Russia, in 1913, Popov and his family escaped
to Manchuria during the Bolshevik Revolution and eventually
made their way to the U.S. His father, Dr. Paul Popov,
became a prominent physician in San Francisco.

Professor Popov began his engineering studies at UC
Berkeley, and continued with graduate work at Caltech, MIT,
and Stanford where he received his Ph.D. He was active in
teaching and research for more than 50 years, having first
joined UC Berkeley's Department of Civil Engineering in
1946. Within this department he was the first chair of the
division of structural engineering and structural mechanics,
Many of his former graduate students went on to become
distinguished engineers, incuding these who went on to
become faculty in PEER: M. S. Agbabian, H. Krawinkler, and
F. Filippou.

Popov’s seminal engineering textbook, Mechanics of
Materials went to a second edition in 1976, and in 1990 he
authored Engineering Mechanies of Solids. His engineering
expertise was used by NASA to solve buckling problems and
played a key role in the structural analysis of the Alaskan
pipeline and the San Francisco-Oakland Bay Bridge.

Popov pioneered the study of inclastic behavior and the
seismic response of reinforced conerete and steel buildings.
His research interests covered a wide spectrum of topies in
earthquake engineering, including cyclic testing and
modeling; the development of the eccentrically braced frame
concept; the seismie resistance of steel connections; and the
development of friction devices to retrofit existing structures.
Popov was a long-time faculty participant of the Earthquake
Engineering Research Center and a faculty participant of the
Pacific Earthquake Engineering Rescarch Center. Elected to
the National Academy of Engineering in 1976, he was
henored in 1999 with the Earthquake Engineering Research
Institute’s highest honor, the George W, Housner Medal.

Popov’s enthusiasm for his work was equal to his
contributions. His most recent research report, coauthored by
Shakhzod M. Takhirov, was published just days before his
death (Experimental Study of Large Seismic Steel Beam-to-
Column Connections, PEER report 2001/01).

http://peer.berkeley.edu/news/2001spring/popov.html 11/14/2006
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DERICATION

Prafessor Egor Papov

This edition of the AISC Seismic Provisions is dedicated to the memory of Professor Egor
Popov, Professor Popav was a Professor for over 50 years at the University of Califernia
at Berkeley, and a long time member of the AISC Committee on Specifications. Professor
Papav focused a major portion of his career improving the understanding and seismic per-
formance of steel structures. He was instrumental in the development of seismic design
provisions for steel structures for over thirty years, and initiated the activity of AISC in
this regard in the late 1980"s. As Chair of TC113 (the predecessor of TC9), he led the
publication of the first two editions of the AISC Seismic Provisions. Until the time of his
death at the age of 88 early in 2001, Professor Popov remained a very active member of
TCY in the role of Vice Chair. His contributions to the development of these provisions
and understanding of the seismic performance of steel buildings is uncqualed, and will
long be remembered and appreciated by AISC, the steel industry and the structural engi-
neering profession, It is entirely fitting that these provisions be dedicated to the memory
of Professor Egor Popoy.

1.1  Purpose and Scope
The adequacy of structural member can be checked based on the following three criteria:

1. Strength: see Fig.1
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2. Deformation: see Fig.2
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Fig.2: Beam with Large Deformation (Inedequate Stiffness)

3. Stability: see Fig.3
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Fig.3: Unstable Column

Based on above three criteria the more rigorous title of the subject is: "Mechanics of Soilds".
Any structure is generally builted up from the following member;:
1. Members under axial forces such as truss members (see ”
Fig.4). Strength of these members will be studied in
Chapter 4. Stability of these members will be studied in
Chapter 14.

Members under torque(see Fig.5). Strength and E
deformation of these members will be studied in = i 7

Chapter 5. o

Sy T
Fig.5:Members under Torque
Members under bending moment (see Fig.6). Strength

of these members will be studied in Chapters 6&7.
Deformation will be studied in Chapter 11.

Fig.6:Members under Bending Moment

4. Members under compound stresses. Strength of these members will be studied in Chapter 8.

Review of Reactions:
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Consider a body of any shape acted upon by the forces in the figure below:
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In engineering mechanics, it would be started by determining reactions based on the
equations of equilibrium. It was showed that the equations of equilibrium of coplaner force system
can take any one of the following three equivalent forms:

1% Set: XF, = 0, XF, = 0, XF. = 0.

2™ Set: SF, = 0, ZMp = 0, M, = 0, where the line OA must not be along x-axis.

3" Set: XMy =0, M, =0, 3Fp = 0, where thepoints O, A and B must not be on the same

line.
H.W. Problems: 2.1 and 2.2 (Popov).

Internal Forces:

In mechanics of materials an additional investigation is necessary for the internal
distribution of forces.

This is done by passing an imajinary section through the body. One will find generally a
force and acouple as shown below:

Force P and couple M are necessary to maintain equilibrium of free body diagram of eiter segment.
For convienance, the internal force and couple can be analyzed into their rectangular components
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For plane problems, any imaginary section will contain a force and a couple (Coplaner):

Dr. Ala'a Hussein Alwan Al-Zuhairi Email: alaalwn @ yahoo.com



Baghdad University Lectures in:
College of Engineering Introduction to Mechanics of Soilds
Civil Engineering Department (Second Stage)

The force P on any side of section can be resolved into two rectangular components, one is
normal to the section (Normal force) and the other is parallel to the section (Shear force)
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Chapter Three
Simple Stress and Axial Force
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Alloable Stresses; Factor of Safety:

In laboratory, specimens of known material are carefully prepared to desire
dimensions. Then these specimens are subjected to successively increasing known forces.
The force necessary to cause rupture is called the ultimate load. By dividing this ultimate
load by the original cross-sectional area of the specimen, the ultimate strength (stress) of the
material is obtained.

For design of members, the stress level called alloable stress is set considerably
lower than the ultimate strength. The necessity is for the following reasons:

1. the exact magnitudes of the forces that may act upon the structure are selodom
accurately known.
2. Materials are not uniform.
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Chapter Four
Simple Strain
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STATICALLY INDETERMINATE PROBLEMS
There are many prolems in the stress and strain analysis that can not be solved

based on the principles of equilibrium pnly. Such problems are called “The
Statically Indeterminate Problems”,

For example, if it's required to compute the reactions of the bar shown below.

Py

T T

We start the solution of the problem be draw the F.B.D. of the bar, as shown

below:

< = L
-

The applying the equilibrium equations for the above F.B.D., led to the following

equations:

IF, =0 =R+ R, =F

EF, =D

M =0
Only the first equation can be useful in the solution of the problem, as the other
two equations give nothings, then:
The Number of unknowns = 2

Number of the useful equations =1
Then the equilibrium only is insufficient for the solution of the problem, and then
the problem can be classified as a "Statically Indeterminate Problem”,
The additional equation that required for the solution of the problem is based on
the relation between the deformations as shown below. From Fig. below, as the
ends of the bar are fixed, then:

o =
Actually this equation is the additional required for the solution of the problem.
This type of relation is called as “The Compatibility Equations”.
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Ry
-}

|
| SR

}_. Ko

Based on the formula for the deformation of the axially loaded members, the

deformations can be written in terms for the axial forces,
i Ryxa :
L7 EA
iy = R, xb
EA,
Then

Rixa_Roxb_p _p b A
EA,  EA a A

Substitute equation 2 into equation 1, then:

-

: F bxA

1
( ax A,

Substitute equation 3 into equation 1, to obtain:
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Example 1.

The short concrete post shown below is reinforced axially with six
symmetrically placed steel bars, each 1 in?in section. If the applied load P
is 228000Ib, compute the stress developed in each material. Assume the
following moduli of elasticity; for steel E,=30x10° psi; for concrete
E.=2x10° psi.

Solution

From the equilibrium equation:

Ef, =0 =P, +P. =P

Since there is no other useful equilibrium, then the problem can be classified as a
statically indeterminate problem. The addition equation that necessary for the
solution of the problem Is based on the compatibility equation that based on the
equating the deformation in steel to the deformation in the concrete as shown in
the Fig. below:

-

P=22800010

Ps+Pc

A S
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sty ety

E.
Substitute the above equation into the e
O xA.+o, x A, =228000

E
o (A + E— A} =228000

quation of the equilibrium above to

Gross Areaof Section= A, = 12x12 = 144 jn?
A, =1in” x6 = 6in?
A. = A, ~A; =144 -6 = 138/n?
3
- o, (138 + —:?Ex 6) = 228000 Aps.
o, = 1000 psi :

£ 0
o, = ﬁo‘c = —2—x1000 =15000 psi Ans.
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Chapter Five
Torsion

Syllabus:

1. Computing the internal torque form static requirements.
2. Derivation the formulas for
i, Shear stress in the circular solid and tube sections.

ii. Angle of twist of the circular and tube sections.

3. Applications of the formulas. Four types of problem have been

considered in the application of the torsion formulas:

. Parametric Problem. Discussed thé most economical shape for
circular shafts. (Problems 5 -1, 5 - 8).

ii. Design Problems. Dealing with the computing the shaft
dimensions based on the strength and / or deformations.
(Problems 5 = 10).

iii. Checking Problems. Deals with the assessment of circular
shaft based on the strength and / or deformations
requirements.

iv. Computation problems that focusing on the computations
tricke of the torsions formulas. (Problems 5 - 2, 5 12, 5 -
13,5- 14, 5 - 15)
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5.1 Application of Method of Sections

ok m-T bypihE

©

[l

o
O
o #-F --!-I:z,;,.-'\-LJh

sty

._J¢.c,h1’" @-—G) .
- §. A

oo ,-'n.- fea :‘.ﬂ- oy

5.2 Basic Assumptions
I. Equilibrium:
(a) The shaft is in equilibrium.
(b) The resultant is a couple, the vector representation of which is parallel to the

axis of the shaftis: ——»» (+ve) and <«e——(-ve).
II. Geometry:

(a) The axis of the shaft is straight.

(b) The shatft is circular in cross-section.

(c) Plane section perpendicular to axis before twisting remains plane after twisting
(No warping).

(d) Shearing strain vary linearly from the central axis.

A Y max

III. Properties of the Material:

(a) The material is homogenious and isotropic.
(b) Hook's law is applied.

5.3 The Torsion Formula
v = shearing strain.
¢ = Angle of twist
Ymaxl = ¢c

Vmax =

ymax _

c

ymax —
y
ymaxG £

VG
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Orr=£:
¢

max

=] rddp :jAgfmaxpdA

— Tmax J
C

= Tmax g
C

Where, J = Polar moment of inertia = IA p dA

Polar moment of Inertia:
a. Solid Circular Section

Jy=[,pld
dA = 2rpdp

J; :Ippz x 2mpdp

C
2r 4 T o4 T o4
.~.J1=2njp3dp=—p Ji==c'=ZD
y 4 2 32

b. Hollow circular section

r 2r ¢
Js :Q”J.PSdP=7.D4]b
b

T , 4 4 T 4 4
==(c*-b*)==—(D} —-D;
2( ) 32( out m)
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Chapter Two
Axial, Shear Force and Bending Moment Diagrams

Yeet Method':
(1) Dilee o . m
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Z2F; 2 6 7%“
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(2) Summation Method.

For the beam Showe which
i3 foaded &9 a general {aa/{_}zj_
wpry 0A1 1+He

Applying the equilibs:
inidintesmal J:gpfm'f' AXx y,;.g..-iafj Afo:
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___________Examﬂfcrl): Draw Shear #orte and
beneling poment cliagrary for TFLc

bam ShoW":

Solution.
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Examplc §
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Problem 1 Diaw the shear-foree and bending-moment disemms far
A simple beam A8 supporting two equal concentrated loads P (sce fioume),

Selution Simple beam

Prublem_ 2 Asimple beam A# i subijectad 1o catinferelockwlse

couple af mament M, aetingat distamee o from the e ft-hand stippont

{see foure). =
Diriair the

shiear-foree and hending-moment diagenms for this bean,

Solution Simple beam
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Problem 3 . The cantifever beam A8 shown in the figure
15 subjeetod to o coneentrated load P gt the midpoint and
a counterclockwise coupla of moment 46, = PLA a
the free end,
Diraw the shear-fores and I‘-e.'lcll'nl:-mu:m'm diderms far this
I 2

Solution « Cantilever beam

! ]
Problem #¢  Tle simple beam AB shown in the figure is subjected
to a concentrated foad Pand o clockwise couple My = PE3 acting at the
(hird points g I
Braw the shear-foree-and bending-momedt digorams for this e, —

Solition
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Pfﬂh‘!l’.‘l‘l‘l .,-h The uniformly loaded heam ARC has simple supperts
LA '||1<| A st an overhaig JC (see figure)

If. .nlt the shear-firee and bending-moment dinprams for this bepm

Solution Beam with an overhang

S RN
Problem % < Abeam ABC with an overhang at one end supports il iy

J T—l_|_ 1
# uniform foad afintensity 12 kNfm-and a concentrated moment of Ii:'--- .?—-1’—!--. e }’_\

‘ C

.'u'\

{emeat € (seec fpure), T [
he shear-force and bendmp-moment dizzmms for this beam.,

(o= t‘-l11'—"' — Il 6m —"l'—i 6

Solution ~ Beam with an overhang

1
f-
Ry

| F——— L
~YHR kN

AT RN AT ke
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Protlem & The simple beam A% supports & triangular load

= 10 Thim.
|
af makimum mtensity g, =

=80 b L I |
|

10 Ibvin. acting over ong-half of the
span and-a concentmated load 2= 20 b acting at midspan 4 —
{sea Tigure). b == = ""\i’

Draw the shear-farce and bending-moment diagrams for this
heam 1 5 :
- =4alkin, —+— -L" A

Solution Simple beam

T4¥ Ty

ZML = AR (R0 in) — CR0 IBI(AD in.)

il Z
(10 Ibdin, =3 &0om ) 40 —U"; m.] =0

My = 2067 b

s [ )
T Fyppr =10 Ry + Kp—H0Th— [\ 10 IBin. 5 )l-l[] i) =10

Ror=T331h

R = il e e AN

Problem IO The beam A8 sbown in ihe figure suppors s uniform Joad
af

£y 3000 N acting over half the lenpth of the beam, The eam rests on Rl
a [

[
fatwon that producesa iniformly distributed Toad aver the entire leneth ! 1 I
raw the shear j |

T M

oo and bending-meoment digerams farthis beam. : M ey j i i
+
L

08 v S

Tit

SRR | R —l&tm

wbe(1H -

Solution Beam with distributed loads

1300 Nim

LB el 0.8 ]
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Problem. tY . 1he camponnd beam ABCHE shown in the feure
.I'.Flm'“-:r?' af two beams (A0 and (1) Jwined by a-hineed L"L'."!1i1l..‘l.'ll_l"'r:‘.Il )
Fhe hinge can transmil 8 shear foree bt not o bending moment, .i his Taade
on the heam cansist ala 46N Tarée ol the end of a brekel attached ol o
pomnt famd 0 2&N force at the milpoint of hea DE :
D the shear-foree and Bendine- mament dingrams for this
componnd beam, .

Solution Compound beam

dxMN

Problem f 2. Theshear-Tane diagram fora simple beam
i shown in the fieuns

mment dingrany, sssuming that no couples net 45 laads on ! ) = i =

the beam.
\- — | 12 &N
A el (T e} 0 o

Solution Simple beam (Vis given) i) khtm
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Problem (A3 The shear-fores dingram for o heam is shown
a1 the figrere, Assury that no couples act as leads on the beam, e R0

determine the Torees scting on the beans and draw the hending-
moment diagram.

500

Solution Forces on a beam (1 is given)
Froree mraciieas

200 't

&

e

b EE { i

65210 0 Th IS T 300 b
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Problem fi?‘l' A bemm ABCT shown m the fgure is simply
supported ot A and B and has an overhong from & 10 © The fosds Py =400 1
consist of o horizanatal force 2= 400 b actine at the end of (he
vertical am snd & vertical foree 5 = 900'Th neting at tho eod of
the overhang
Draw the shear-foree and bending-moment diagmmes for this

> (A P 1 Oy | H

bearmn. {Nere: Disregand the widihs of the beam and vertical arm

il use centerline dimensions when making ealculations, )

Solution Beam with vertical arm

1% =400 1b
| i Psm 000 Ib

"L | Ry= 102515

— AT [b-f | Poa

Ap—

T 125

Problem /€. A simple beam A5 is toaded by two SeEments
af usiform load and two horizantal forces actine =t the ends of & verical arm
{sce Nigurel

Draw the shenr-fores and bendinp-moment dimgrams for this beam

Solution Simple beam
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Prnhlrem | i Mhe compound benm A FCOE shown i the fimre

camstatssal two beams (A amd 04 joaned by a hinped .'n-ku'i.nr: at [

The himee ¢ i omant '
.LLIl PEC Gan transmil o shear foree but not a bending moment, The loads

on the beant consistol o 4-kN force at the esd of 1 1 ket attached at

point & and a 2-kN force at the midpaint of beam DF |
Dz the shear-foree and bending-mormsent diagrms fisr this e

compoumnd beani, £

‘-—_" 11—

Solution Compound beam

-
Problem §2Z  Theshear-force dizgram for a sinple heam
isshown in the, e,

Rotermine the loading on the-beam anid desw the hendine
morment dingean, sssuming that a0 couples act ag |npds an’

the baam
i

--+!~— 1 m—sfes [ (¥ 11— -i

Solution Simple beam (Vis given) .0 klm

Dr. Ala'a Hussein Alwan Al-Zuhairi Email: alaalwn @ yahoo.com




Baghdad University Lectures in:
College of Engineering Introduction to Mechanics of Soilds
Civil Engineering Department (Second Stage)

Prablem 42 The shear-loree thagrm for 4 beam i shown 652 |h

in the fipure, Assuming that ro couples act a5 loads on the heam, e 580 [b
determing the forces acting oo the beam and draw thie bending- b
moment diagram

Solution Forces on a beam (V is given)
FORCE DIAGIAM

20 |hift

1028 ik 50017
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Fi
Problem .|" T A beam ABCD shown in e fromre 15 simmly

supported at 4 ond & nnd has an overlisng fram & to € The loads
cnrlfl:’-l ofa horizanatal farce 2, = 400 T acting 91 the end of the
vertical anty and g vertical fogee P, = i he end of
anid s ofce Py = 900 1h acting o : 2
the overhang - EETERCR O G
Dromw the shear-foree ; i i i
g “wU.‘ : rL: and i.zcndnlg_-moruf:ni diagrmins for this
eam, (Nate: Disregard the widths of the beam and vertical arng
il use centerling dimensians when making caleulations, y

Py = 400

o
Py =000 1

Solution . Beam with vertical arm

"“—-—l.l":..ﬂ.'Hll'h
Al Py =000 1h

L4
i | -] B S e et
——df— ~ 10 ._ll
TRy= 12518 ¥ M e
Ry= 1025 |k ! B e T Tr—
=025 | 1) i, A e

IRy M0 b =4

4 0 fle-11 8 ‘|5VDJ-

ERER— - - ¢

{125

P[nb!c_m |'5" A simple beam A8 18 loaded by two Seients
abnnitarm load and pwo horizo i inp SR
zofiial forces-ac * ool o
e ctng at the eods of o vertical arm
Drwe the shear-force and bending-moment dinemms fisr thig henmn

Solution - Simple beam

Kp= kN

M
M =y ==

A m
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Se painter a
er itself. Find support re;
1en plot axial Torce (V), shear TN
ns. Lobelall eritical N, ¥ & A values and also the
e to pomts where any critical on are zero. Plot
M V& M diageams normal to the inelinge

Solution

=
- i, wms fh= | 6 7% 1t

% /

o/

) .

3 7
o Z"\.\ B, i @=475 1k
F L ™~
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Chapter Six
Bending Stresses in Beams

6.1 Derivation of Flextural Formula
As Shown previously in "Chapter 2", in any section of beam shown in Fig.(6-1) there
is:

Figure(6-1)
. Normal (or axial), [\ force (as considered in Chapters 3&4)
. Torque, T (as considered in Chapter 5)

1
2
3. Bending moment. IM (as will be as considered in this chapter)
4

. Shear force, V (as will be as considered in Chapter 7)

The Basic Kinematic Assumptions and Flextural Formula
1. Equations of Compatibility
2. Constitutive relation (Hook's Law)
3. Equilibrium Equations

1. Basic Assumption:

Plane section perpendicular to its axis before bending remains plane after bending.
This assumption is true for shallow (or thin) beams and it is not for deep beams. See
Figure(6-2).

_r
L d

|— d _
?

/

Shallow beam Deep beam
d/l —» small value d/l — small value

Figure(6-2)

In Fig.(6-3):
du .
e, =— , du:vary linearly
dx
dx ; constant

* & - vary linearly or directly as its distance from the neuteral surface (axis).
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(R

Figure(6-3)

&, =by (SeeFig.(6-3)d)
Where, b = constant
2. Hook's Law:
According to Hook's Law:
1
E(Gx - }/Gy - }/Gz)

o, & o, arevery small

oro,=E¢,
= Eby
..o, =By iethestress var ylinearly also.
3. EquilibriumEquations
In Fig.(6-4):
[o.da =0
A

But o, =By
o [BydA=0
A
S BlydA=0 .
£ Figure(6-4)
wB#0, . [ydd=0
A

But [ ydA = 34
A
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Where, y=is the distance from N.A. to the centroid of the area.
- y=10, 1.e. the N.A. must pass through the centroid of the cross-sectional area of the beam.
2 M. =0
M.+ [(o,dd)y =0
A

But o, =By
M, =—[[(By)da]y
A

= —[By*d4=-B| y*dA
A A

But I y2dA = I = moment of inertia of the cross —sec tional area about Centroidal axis

Where, M = internal resisting moment
y = the distance from the neuteral axis (N.A.) of the beam to the point on the
section where the normal stress (cy) 1s wanted.
I = moment of inertia.

M
50 ) max = -2

max I

Where, ¢ = Viax
M

= _m
I/c : are constant for a given section of beam.
I/c = § = elastic section modulus.

Examples:

Example(1): Problem(6-1), Popov (Analysis Problem)
According to the National Lumber Manufacturers Association the desired size of a 6-

in.-by-10-in. timber is 5.5 in. by 9.5 in. If the allowable stress for a certain grade of wood is

1200 psi, determine the capacity in bending.

Solution:

9.5 in.
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1200 = ——=—
9.5°x5.5 |<—>|
12

Mall =99200 in.-Ib

=8.27 ft-kip  (ans.)

Example(2): Problem(6-2), Popov (Analysis Problem)

Consider the lightest member listed in Table 4 of the Appendix, which is SWF17,
and verfy the moment of inertia around the x-axis and the y-axis for it. If the allowable
stress 1s 24 ksi, find the flextural capacity of this member around each of the two axes.
Solution:

I 8’ x5.25 (8—2x0.308)° x(5.25-0.23)

. =55.6 in."

12 12

3 _ 3 _
; _525°x8 (525-023)°x(8-2x0308) .. 4 |
g 12 12 525 Y

_ Mc 0.308 i ;
O-x)max - I % [ : | A
M:_M —>: 0.23 in 8 in
Mx=—24+;55'6=330in.—k=28ﬁ—k ;
M, =—24+55'6=68.6 in.—k=8.71fi—k Ty

Example(3): Problem(6-9), Popov (Design Problem)
Select a standard steel I beam based on the the maximum bending moment. Assume
Gaow = 24 ksi and neglegt the weight of the beam.

Solution:
From B.M.D:
Moy = 47 fik Ao 8k dk

Me M ol
O = — |

all S
24 — 47212 %2" L 4|| |, 2! L 8" %ﬁ
1 17
S=235in’ 10.5K1 5.5k
- 10.5
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From Table(3): Try 10x4§

S =24.4in’
0O.K.

45/8 in

Dr. Ala'a Hussein Alwan Al-Zuhairi Email: alaalwn @ yahoo.com



Baghdad University Lectures in:
Introduction to Mechanics of Soilds

(Second Stage)

College of Engineering

Civil Engineering Department

FProb. & 1y

/2"—7‘:.}:{32?

S 'bll.l-\.'\"iﬂ Lt B}

Z¥sdlef + (1 xs.m)(ilﬂ +2)ez

SJE¥S - 2¥3.40
= 2 fn,
J.’ 5 3(:.3 /
X .
I e 2T L
3 3

.
- 34,4 n,

- £
Tg = 7eo #ra‘x.!oxff-’ = 2¥poe Psi

M. Ja

Vg = —=%

X

A g2t
34.4

Y10 oos  in_th

: (6P
2-{.? ‘C;TP.I

Strwin roSeffer
Eg = Yoo x i*

f-jttcf.;' Ciﬂ#’ﬂ'ﬂ(
(c)

£ 23008 psi

Pr’o{?_ & 1S . E:Zq#:‘n‘,ﬂ-‘;

£c7’aj ps=i
Selwtior

y y
I = (B390-20ld ) &, o il -i0"
£y

-
EA = boo #IB

eleetrie Sdvain
gane peadiry:

+ boo #int
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U———
"‘ I
> 7.3 25
/7900 = X T S M 9259 in-l

- = X/-f /{—._ﬂp
zp D z

P ‘LP
T Mp =0

)
Put = =T+ g =T =Vcp
Ve

E‘Fj = O ,___-;,Qﬁj:P

ZMB = o -—23’/26_:&:1'0 =

ZTFfy =@ ﬁﬁ’s" = 2P <«

2P TP
-

Z3 jEa

€ = 73 43¢

~527 &ia®
Selti oy N
,,IL:;H;;:_]___ s e
. 7
Pl
A L /é S27 wic’ Il
c, _ &

= — = C, ©5.2% in.
23 (527 +73)

T = S17 #00° k30 #1685 = /S 815 PS5
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MY

" 3

M xS23 = M =144 qoe /n-1b
4T3

4 =
IS 8Is ™=

Sp P = I%Y9c0
P=- 2.87 kips-

P!"‘Db. é—-,? (ﬁ:.)._,;”-ar‘l—f ﬁr“ft)

Selution .
St foec R il fp

Ex2¢yF +6vY2 %]
ExYtat

= 5 M,

6‘:3" s’xi-
+

I

= 2270 x/12 =22 vo in-tb

Z7# 240 x 3

'_-_-_—__'-hﬁ——
/1326

- 2FL% x|

SR At iy Y
136

2 24, . .
< ifﬁ%: /ool PS5

= 662 pPsi

= 200 /’-f;

ros
i °2° XSx1 = SooS /b

= % (é-"—f_%gff_)xdxz +.2'%_*;'+'L = Soos b
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Prob. 6-20 (ﬂa&uf-‘-ﬁﬂé Fcr'Cc)

/4

weint s £
I .
I M= 36 rn- &
v é!(

/247'01:(!4-]“

G.‘.l

Solution)

7
C = [y(u-y)ely

”
=af(‘w-y‘)c13

3
N zjz.—-?-. &

= 2 3

249 I
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beb £-2/ (ﬁ&_,l’uf;‘-ﬂrf{ FDI’:E)

Glven

M =26 opo il

Reyld: ¢ w1 M
4

SD'WLH on .

2321y pPs/

%—4 dy
22 )

A

- IJ/&?.JS':" +‘5)(2"‘@1)£[_‘7
Y

= [arery /T Ay

= mieyYisp

1 3 iz
; » (4-Y7) (-_-{.)J

- (2 L F&8 ”7 = /2.F+ K

‘____-,‘_r C‘_‘(J‘ :M
T+ o
£ el = OB = 2 2% A

2487
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Pr‘ob - 5...3 CCJ"%{L fgfobk—m)

Givem y

-SD\u."-:om )
Y Fie
Q-;) < —-iT-—-

ZM& = D
g = Ry = 13
Ry %6~ —f 943 =0 = Ry & M

2 "
Mo +4¥3 1.5 + —;-%3#2 -13Sy3=@

/'

S

— ]

LSHITAS
Fes

:O.giq K""
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Bewms of Dl«#cr&ni‘ Moaterial s

Vb & - ibay)
.E'f‘,',”&a— f:;/:v.f

&"ﬁci

G5 A

But = (From u- 0]
£.

Led

Uy = N0z
Sub. ito ‘qa. (1!

Sngg A - Uz /fg)qu;w{mf

A{)ﬂfu,'u‘qu{ e n/’s
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Example 1, (oves ~Vesadorteed Sec.)

let W‘fzg,": 1§ Ksi

D Ml L MEFY
Es

—-_— - Nz 20
&z

k

K‘f:’/ 7he max, F;,_;.Q_;}.-}:ﬂ o menl B the Aoty ity SeCtibn

Ex/2xéS +60x0.S x0.18
EX/L + &oXo.S

j 2 /2.5 -4 (3 = F.83 i

Lomp

2 % ¥ L
& ﬁs_i_é_ g K17 x 6 4 ?'_Sr,.‘i’.;.&'.;.lé'a((‘?.ﬂ?-':;))
2 3 /2

/E8S ,.“1;

M. Td

[y
Ml gay & ’_______’2?‘;;'“5- = 25§ /n-K
8. x/E8S - 88% .k

M steel
4.67
Al =258 -k,

Take tHu Setaller :
rea ’,‘Jcﬂﬁ the bearns “"Mj be

There Lo an eXxcess of Sfeel @

Said 1o be oOver m:-;{ap—(cc/.
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/.
Emmflel, Fir di Fig. shown below ,determine e widit b of

The dteel Plate thut o)0) Siukancously chress the wood arel .

Ltfeel o thel Perrmtissible linits of L?.f-

5 Zd
7]

= lz ks gudd .= /& Ks)

By divieliny £ [ Epa ¢

$b$ - Y . g

— — =

_f'f: vy O.'?fjf
Bt yJ +jﬁ

D.?S'jf -+ jf'

Y -G = iﬂ;ﬂ

- /
4. = Exio ¥ S.85 +2cbxc.§,r-?

exlo +2obye.S
Solve 1433" =

b = /.4 in.
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M Fiad ﬁM/M elwe ‘éD Fc:‘ﬂfordt?ﬁ 1. bBeam befow:
ia?

"

- -
e

_Sp{u."“r'aﬂ H

@) W thout reiaforcing.:

k]
G-I [ e

M=-—,—-: /T

&«
&) With l"ﬂ;n‘f(of‘cd./)fﬂﬁz‘:

Vs .
L o

c

M

2
{E ¥
I & __!;__'? -+ 2x [érfs'xu.i;féf-g.zf},'j :‘:f?S'é

f AJS‘-LM{'@ A;fur‘r at Sfeef:

LE xyq9s¢
M o= -iL____ = ?,’? !’h—k

£.5

2. Azx: umiﬂj /g.'/ur? al embesr »

M = L'-;?_“_L_ = £2C in-k
Take the Smalley value , fp1 = 26 in-&

‘- K

AM = 826 - 240 = S85€

AM SEE s ziky
™ Z2Yo
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Example 4 .

G e 3 w

: e
o A Vo= I §Ks)
aﬁ*ffﬁ?rzﬁjf- ol r; T |

A= 5.8 va* Tay = h2x2o
=24 k!
Vi = 1 & ks - o,
(Tf fol ‘CJ;
N = 2o

Solw oy
e ——— ey

4

Ix=(2.8+5%8 ¢ (Yy+o.t1) o.s xg?
KL 4 2=
AL

-~ Z2F6.2 "

H = Jan* T
J

~ IEx2F,
—_—

442,34 = FIR-E JA-k

S ELS fE-k
Example S: ( Prob. £_34)

L

Aluwrtinuim E_s =26 *foﬁ Prfr.
Eal = 1o XID‘ L5
M = £ ,ﬁf..- s

b Rey'd : Ts. RVal,
i
L
Solykon: s Esd. = goi’-fﬂ(
T S Eal. fo flo

Vi :
I:Z_?_f;‘ [r2-¢(7] _,__Ci.;i)ﬂ > 14y, g in?

(")

4 J;- -
Vg, = R RY o3 & e v my

gy . g

- Gorlr X é - 3 77 ks
f4Y. 8
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Reinforced Concrite Beams

Emmrol':_[; (Checke Probn’m)

Determine the prax. stredsiey ;i e Conlrefe anel mf‘;LAJrCJZ? sheel
™ = Sp oo f—‘?i{—#ﬂ A 1=z IS

J—E%

2"
7‘#41!13!‘1 AVFes
‘97l Concrte
S oo Can be eglectee
==

K
I'Z#iﬂ.gf( q') JDK(E'Q_L:(,I)

+ 3ok, ~boo = &

- + F\\—_
i, = 38 = V' 4yivi g
2“"5——&.__0‘?) - ?-g ;f_"l'_

& k*

" st Mr.:fhacj

Lo, = ?&’wz_
AT ST 434 (ze-zg)t [n‘db
S 63¢z.4 igY

U-C So x;"z ‘r;‘g

6263, 4 =05 kg

—— ¢ NL, of bar*s]

Us = 22X24(20-7.5)
6362 .y XIs = I17.3 ks
2",
< _Pehoel,
™ :(G?A_;)*:jcj 3 K

JTfh= =
« 3

5o x/2 =
(T2 Iy o %;af) 2 17.3 ks

EF);:C::

Ve
TR XIPXRY TGy xy = Trre s goiR
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ExampPle (2): Detioh of rintorced tonc red beam.

Pesign a contret beans with balenced e for com ot to resjst
o butdry anﬁ‘oﬂt o7 Fo L2 :‘56"} ’%o)aﬂ_ = £5o ps/ 5
7{; :-’3-’00;: P-—r; ! iz I5 ﬂlﬂﬂj b: b .

Soludion

% 'E):l'.‘v'r:r

f—
[ =]

' 2 NA |
@ . @____;{"

x bd x 035! « (.!nfl'__ilf'*)d

bcjl = Fike

o =/ Bie = 22.3 in.

£L
ZFx = e

&;ﬁ x (22-8 % 035) )¢ /b = /8% As

A_, = 2.3 ,r'm]'
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Example (5): Prob. £-4)

Qwwry n=lo
T2 au. 2 So ks,
Ue)att. = 4 kst
Rey'd : Fiuel M.

}3” ;?_h 3-'!

—

As*# = 2.4Lv/0

% =36 in*

—~Totl 4, =2.4 in*

SDLM."‘:.nv\l
12yex(3+Y) +18 x Y x —7"’_1 23¢6x(22-Y)

Q9% 4 (08Y ~576 = ©

—t108 V108" +yxors7e =4

2xq

v =
o K 2 64+Y = £+Y = 10 .

3 3
/ / = -
T = _‘_’}L_’:+ T X3ys +3Cx(8° = /5792 ja"

* / =
A xisp 6317 fn-lk
/70

20 y IS 79
Ms = = """ - 4387 ja-k

/8
e Mot = Y387 in-k  Onder Reaforcecl secten.
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Example (4§): (Anab«g;_; szér_)

ivets 2 o = 12
. g

= I8 ksl

. "?“:J < Mfﬁ:fuflrfy
20"
(—
; ‘ff{
TS A

? 12 X2.5 2354t

1< ef .
T T M lRA-G)x LY 5oy (ay-keed)

Ovy  Jot- el -4 = Yy

BORAYK LY +2) 4142y _E’__ 2 30%x(20-Y)

2
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b A d
v Kl 25 1LY - £ Sa

=2./6

- 3
L = Z20X80"  gypza
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M.f ! M
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Chapter Seven
Shearing Stresses in Beams

f-/cu-'f'z ontal S$h C:q_v—.--fLJ Stvess Jormu lo

< C+dc

" (T : '>M+¢1M

T =
+e - Cicde
%’1 )=z
L R
CJF - o0 +dc ) C Lheas Horce

o F el e :‘4&(9—6—!4
but o - a!(f;;”)
dog = dM.Y

-

dF:_{,; ij}il‘;l—a!/d

_ oM /4
dF = 22 [

j_‘j&{A‘ = +h.-¢- Swm pffﬂaﬂ'ldmff gtyf #1- o
A the rewtral ax,s =

b

£ exbo

edF = E{ﬂ_@ > edF o) 2ontal Jffmw;y Aorce
5
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= Shear Flow
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APP”C&-#QH fo Mollthic Section
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Chapter Eight
Compound Stresses

Introduction:
The following table contains a summary of strsses and deformatios that have
been studied in the pervious chapters:
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Chapter Nine
Stress and Strain Transformation
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Chapter Fourteen
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