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a
EVALUATION METHODOLOGY

THEORY PART

Quiz & Class Participation : 10 %
(Assignments, Presentations and Attendance):

Mid-Semester Exam: 30 %
Final Semester Exam: 60 %

Final grades are assigned according to the approved policy.

PRACTICAL PART

Lab report and Vive Voce: 30 %
Lab Quiz: 30 %
External/Neutral Viva Voce Exam: 40 %

Attendance Requirement:
Attendance less than 75%, both in theory and lab part
will attribute to the WF grade.
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Objectives of Taking This Course

Not interested, want to just pass.
Not interested, want to get good grades.
Interested want to work in this field.

For what grade knowledge, you will study this
course?

How the teachers may help to achieve your
target?

» Want to be an inspector, check teachers, check
facilities, check neatness, check overall
standard etc.

YV V V V
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CHAPTER OUTLINE

» Transformation of Stresses, Strains and
Moment of Inertia:

Analysis of Stress and Strain at a point due to
combined effect of axial force, shear force, bending
and twisting moment. Mohr's circle for stresses and
strains, relationships between elastic constants.

» Experimental Stress Analysis:
strain rosette solution.
» Introduction to Theory of Elasticity:

Stress tensor, plane stress and plane strain
problems and formulation of stress function.

\_ s/
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» Theories of Yielding/Failure:
for ductile and brittle materials.
» Unsymmetrical (Biaxial) Bending:
Symmetrical and unsymmetrical sections,
» Shear Center:

Shear stress distribution in thin walled open
sections and shear center.

» Cylinders:
Thin, Thick and Compound Cylinders.
» Columns:

Stability of columns, conditions of equilibrium,
eccentrically loaded columns, initially imperfect
columns.
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UNSYMMETRICAL BENDING

Review of Flexure Theory

> In simple bending the Flexure (Bending) Theory was
restricted to loads lying in a plane that contains an axis of
symmetry of the cross section.

> The derivation of the equations that govern symmetrical
bending and lead to the normal stress distribution is based
on the following assumptions

e Plane cross sections remain plane

* Hooke’s law is applicable (i.e. all the strains are within the
elastic range

\_ 7/
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BENDING DEFORMATION OF A STRAIGHT MEMBER

When a bending moment is applied to a straight prismatic
beam, the longitudinal lines become curved and vertical
transverse lines remain straight and yet undergo a rotation.

|
Horizontal lines
become curved

Vertical lines remain
straight, yet rotate

Before deformation After deformation

Neutral Surface Axis of

symme { ry
A surface in a beam containing
fibers that does not undergo any
extension or compression thus not
subjected to any tension or /R
\Compressionl Longitudinal y

axis

~ Neutral
surface

Z TN
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Neutral Axes

The intersection of neutral surface with any cross-section of
the beam perpendicular to its longitudinal axes. All fibers on
one side of the N.A are in the state of tension, which those
on the opposite sides are in compression.

Flexure Formula

The beam has an axial y
plane of symmetry, which -
we take to be the zy-plane.
The applied loads (such as
F,, F,, and F; in Fig) lie in
the plane of symmetry and
are perpendicular to the
axis of the beam (the z-
axis).

\_ 3/
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Let ac and bd are the cross-
sectional plane before bending
having a differential distance Az.
d@ is the angle subtended by the
plane a’c’ and b’d’ after bending
and ef Is the neutral axes.

The strain at bottom may be .
calculated as following

©r. Nauman KHURRAI\N

<> <€ <>
dz; /2 Az dz /2
'd’ — 'd’ — R+y)dd—R.d6O
52=Cd cd _c'd’—ef 0| 0= gZ:( y)
cd ef R.d6
l=r.0 o _ydo _y
c'd’ = (R+y)do Rdo R
;. o,=¢,E
ef =R.d6O y
O
—+ == (2)
E R
\_

\_




[Applying (ZF), = 0: Since E and R cannot be zeroN

thus the normal force will only
jAdP - jA(G.dA) =0 be zero ify =0
E I.e., along the neutral axis that
EIA y.dA=0 3) coincides with the centroidal

_ axis of the cross section.
Applying (2M), = 0:

Y —~K
j dP.x:j (0.dA)x=0 .'.G:Ey . ]
A A R Jﬂjg»f M L
E E dP =0 dA— .|y - /\ Neutra
EIA pdA=—1, =0 (4) ;; ,ﬁi \ ~axis (NA)
L X Lz
N IA xy.dA quzﬂ

This shows that egn. (4) is only valid if y-axes Is the axes of
symmetry (i.e. Product moment of Inertia is equal to zero)
and no moment is acting about the y-axes. 1,




/Applying (2M), = 0:

symmetry.

planes of bending

\_

| dP.y =] (cda)y=M (5)
_j yZdA_E M By Egn. (2) and (5)
o E

Simple bending theory applies when bending takes place
about an axes which is perpendicular to the plane of

If such an axes drawn through the centroid and another

mutually perpendicular to it through the centroid, then these

axes are called the principal axes.

» The planes that are parallel to the principal axes and
pass through the shear center are called the principal

Dr. Nauman KHURRAM\
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 Axes of Symmetry

Symmetrical sections

- - b - ————— -

_..______+_____-__

-

b ————— -

Symmetric Sections

\_

Axes of symmetry divides the section in such a fashion that
one part is the mirror image of the other part.

Sections which are having at-least one axis of symmetry are
called the symmetrical sections

Unsymmetrical sections

Sections which are not having any axis of symmetry are
called the unsymmetrical sections

Dr. Nauman KHURRAI\N

Unsymmetrical Sections

-______+_____-__
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Principal Axes

The axes about which the product moment of area (|, or l,,)
Is found to be zero and second moment of area (I, & I,) are
found to be minimum and maximum

A plane of symmetry in a section is automatically a
principal plane
“ All the plane sections whether they have an axes of

symmetry or not have two perpendicular axes about
which product moment of area is zero

2 Simple (Symmetric) bending is the bending which takes
place about a principal axis. i.e. moment is applied in a
plane parallel to that axes or load is acting perpendicular
to that axes

2 Mainly unsymmetrical bending occurs if moments or
loadings are not applied about the principal axes.

* In case of symmetric section principal axes always
coincide with the centroidal axes

\_ o,
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/SYI\/II\/IETRICAL BENDING

If the loading Is perpendicular (or parallel) to the one of the
Principal Axes the bending will be only in the direction of the
loading, such bending is called the Symmetrical Bending.

For a symmetrical section to have symmetrical bending, the
plane of loading must be parallel to or contain a central
axes which is also a centroidal axes.

Unsymmetrical section may also be subjected to
symmetrical bending If plane of loading contains a
principal axes.




/UNSYI\/II\/IETRICAL BENDING

symmetric and unsymmetrical sections

coincide with the principal axes.

Unsymmetrical bending occurs if loading Is not acting
parallel or along one of the principal axes. Bending takes
place out of the plane of the loading and as well in the plane.

Unsymmetrical bending can takes place both in the

Since loads are normally applied along or parallel to the
centroidal axes, unsymmetrical bending is evident in the
unsymmetrical sections whose principal axes do not

Dr. Nauman KHURRAI\N

\_

y
Inclination of roof is kept A | X’
equal to the orientation of \i e
the principal axes from the e
. TR
plane of the loading to R \
produce the symmetrical 5]
bending vy

Symmetrical bending

in Z-section purlin
15/
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Unsymmetrical Bending of Symmetrical Sections

In symmetrical section unsymmetrical bending occurs when
load Is acting at an inclination to the axes of symmetry
(centroidal axes or principal axes).

» In unsymmetrical bending the neutral axis of the x-section
does not coincides with the axis of loading

Procedure to Solve:

1. Determine the inclination (6) of the applied loading or
resultant moment.

2. Resolved the applied loading or resultant moment into
components directed along the principal axes.

3. The double-headed arrow are used to represent the
bending moment as a vector direction (clock/counter clock
wise) of which may determined by the right hand rule.

\_ Y,
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Use flexure formula to determine normal stress caused
by each moment component

Use principle of superposition to determine resultant
normal stress at any point on the section.

In the addition of the stress components use the sign
convention with respect to the tension or compression
produced by the some particular component of the
moment at any specified point. i.e., Consider tensile
stress as positive and compressive stress as negative.

For a section subjected to any arbitrary moment the
stress at any specified pint can be determined by the
following equation

M, .X
o, = +Mlx-y (7)

y X

\C_
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to be added at any specified point.
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nclination of the Neutral Axes (N.A.)

M. .X
y +Mx'y

Msing |
M cosé I,

=M cosé
=Msing

X
y

=tan g

(7)

In general, the neutral axis for unsymmetrical bending is not
parallel to the bending moment M. Because the neutral axis is
the line where the bending stress is zero, its equation can be
determined by setting o, = 0 in the eqgn. (7), which yields

Dr. Nauman KHURRAI\N




/> Inclination of N.A. (8) and load (0) are from the same axes\
and ranging between 0 — 9002
If l, > I, then B> 6 |
If l, < I, thenB <86 ,B=—tan{l—x.tan 9}
f I, =I,thenB=8 :
» The negative sign indicates the angle is in clock-wise

» Neutral axes always lies between couple vector, M
(Resultant moment) and principal axes corresponding to the

lmin (i-€. 1)
Deflection

The deflections of symmetrical and unsymmetrical members
In the directions of the principal axes may always be
determined Dby application of the standard deflection
formulae.

\_ S,
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For example, the deflection at the free end of a cantilever
carrying an end-point-load is PL3/3El. With the appropriate
value of | and the correct component of the Iload
perpendicular to the principal axis used, the required

deflection is obtained.
» The total resultant deflection is then given by combining the
above values vectorally as shown Eqn. (10).

» The direction of the deflection will always be about the N.A.

PL 3
§,=—r— and &, = L 9 s, PL /PL
SEl, SEl, 5, 3El / 3EI,
5=\/5y2+5x2 (10) 5, P 1, Psing I,
s, P1, Pcosd’l,

[ =tan™ {:X tan 6’}
\_ S,
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Alternatively

since bending always occurs about the N.A., the deflection
equation can be written in the form

3
O = PL for cantilever beam at free end
3El »

where |, , Is the second moment of area about the N.A. and
W' is the component of the load perpendicular to the N.A.
The value of IN,A. may be found either graphically using

| :%[(|X+ | )+(1, =1, )cos 28]~ 1, sin2p

1
OR IN_A:E[(IX+Iy)+(lx—ly)se02,6’]
where B, is the angle between the N.A. and the principal x

axis.

The Equation mentioned above will be derived In next
sections
‘y
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EXAMPLE PROBLEM

A wood beam of rectangular cross section is simply
supported on a span of length L =1.75 m. The longitudinal

axis of the beam is horizontal, and the cross-section is tilted
at an angle of 22.5°. The load on the beam is a vertical
uniform load of intensity g = 7.5 kN/m acting through the

centroid C. Determine the orientation of the neutral axis and
calculate the maximum tensile stress o, .. if b = 80 mm, h
=140 mm. Also determine the maximum deflection

q=7.5KN/m
PITTTITTHITIT Y
% L=175m é
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Problem 11.24: (Book by Andrew Pytel)

horizontal.

allowable value of the load P.

¥

P
<3 in.—= 3 in.

Dr. Nauman KHURRAI\N

The cross section of the simply supported T-beam has the
inertial properties I,= 18.7 in.* and I, = 112.6 in.*. The load P
IS applied at mid-span, inclined at 30° to the vertical and
passing through the centroid C of the cross section.

(a) Find the angle between the neutral axis and the

(b) If the working bending stress is 12 ksi, find the largest

/! !

3057

/ 3.07 in.

-1-1;\- - ‘lr

=— 1.01in.
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Unsymmetrical Bending of Unsymmetrical Sections

» In unsymmetrical sections principal axes do not
coincide with centriodal axes.

» So there will always be unsymmetrical bending even
though the loading plan is parallel to (or passing
through) the centroidal axes.

» All the geometric parameters will be with respect to the
principal axes. i.e.,

Dr. Nauman KHURRAI\N

Second moment of areas (I, I, l,y)
Loading plane
Orientation of the N.A.

Deflection




Transformation of Second Moment of Area

/ Dr. Nauman KHURRAI\N

Y
y'=bd —cb v X _A\d_-
y'=hd - fa /,

' 0 —xsin 6 (1) ’ " x
=y €0sf — xsin 0
yl y g -~ /
X'=ge+ed y
X'=of +ab y
X'=XCcos@+ ysing 2  \ <7 N bv
O a X
. <€ X >
|, = I y'X'dA (3)
A
|, = j y'2dA (4) l, = j x"2dA (5)
A A
\_ %/




/(3) = 1, = j(x cosé+ ysin@)(ycosd — xsin 8)dA
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Loy = _[(xy cos’ @+ y*sin @cosé — x* sin @cosd — xysin® &)dA
Ly =J'(cos2 0 —sin® @) xydA + jsin 0 cos eyZdA—jsin 0 cos Ox°dA

Ix,y,:Ixyc0529+llxsin29—£Iysin26’
2
1 :
Ly =1y c0520+E(IX—Iy)sm 20 (6)
o . SIn260 =2sindcosé
for principal axes 1., =0 s
", €0S20 =cos“d—-sin“ @
(6) = O:IXy0052¢9+%(IX—Iy)sin26’ COSZQZ(HCOS%)
2
2|
tan 20 = — Xy (7) Singez(l—COSZQJ
(Ix_ly) 2

g Lo 21, 0 8, is the orientation of the
p_—ztan (I -1,) () principal axes from the
\_ +ve centroidal x-axes 1y
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(4) = IX.:j(ycose—xsine)sz
|, = j(y2 cos’ @+ x° sin® @ — 2xysin @ cos 8)dA
|,. =cos’ 9_[ y*dA+sin? 9_[ x°dA—2sin Qcosej xydA

| I:(1+00529jIﬁ(l—c;s%’}y_ |, sin20

X

2
== 41 )+ =(1, 1, )cos26 -1 sin 26 9
=2 X+y+E —1,Jcos20 -1, sin (9)
21
The Egn. (9) can further be (7)) = tan26?:—(| _Xyl)
simplified by substituting the -
value of I,, from the Eqn. (7) S =—%tan 20(1,—-1,)
1 1 1 :
9= IX.=§(IX+Iy)+§(lx—Iy)00320+§tan26?(lx—Iy)sm26’

1 1 1sin® 26
|, =§(|X+ Iy)+§(lx—ly)c032«9+§ -y (1,-1,)
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== +Iy)+;(lx—ly)c0529+1{(1_(:05229)}(“—”)

X

"2 2| cos26

1 1 1 1
|, :E(IX + Iy)+§(lX - Iy)c03267+§(lX — Iy)secze—a(lX — Iy)c0329
IX,:%(IX+Iy)+%(IX—Iy)5e029 (10)

Similarly solving the Eqgn. (5) we may have the following
Solution for |,,.

G = |1, :j(xcosm ysin 6)%dA
l, = j(x2 cos’ @+ y*sin® @ + 2sin & cos 8.xy)dA
|, =cos” 6’_[ x*dA +sin® 6’[ y*dA+2sin HCOSQ_[ XydA

|':(1+00329j| +(1—00329j| L1 sin2g
2 Yy 2 X Xy

y

1 1 i
\ Iy':§(|x+|y)_5(lx_Iy)00829+lxy5|n29 D y
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11) = |y,=%(|x+|y)—%(|x—| )cosZH—%tanZ@(lX—Iy)sin29
1 sin? 20
l :%(I +|y) ( y)C 2(9__3(:2826’ (I ~ | )
1 1—cos? 20
= 20,+1,)-20, - y)cosze_F cos )}(x )

| ,:%0 +Iy)—%(lx—Iy)COSZQ—%(IX—Iy)seCZH—%(IX—Iy)COSZH
|y,:%(|X+|y)—%(|x—|y)sec29 (12)

Geometric Method:
2|

(7) = tan26?=—(IX —Xyly)

(5




Substituting the value of sin26
and cos26 in Egn. (10) and

(12) or in Egn. (9) and (11)

. _ |x+|yi =1,
l, 2 2

>
guantity

>

» Foranysection I, + 1, = L.+ I,
minimum values are different.

>

about the principal axes.

2
j -|-|2xy

Second Moment of Area (I, and |,) is always a positive

Product Moments of Area (l,,) may be positive or
negative depending upon the geometry of the section.
but maximum and

Eqgn. (7) may also be derived by differentiating the Eqgn.
(9) and (11) with respect to 6 and equating them to zero
as |- and I, have the maximum and minimum values

Dr. Nauman KHURRAI\N

. N
sin260 =+
R

(I, +1y)
2R

C0s20 =+

(13)

33/




(Unsymmetrical Bending of Unsymmetfical

Sections

In unsymmetrical sections principal axes do not coincide
with In unsymmetrical bending the neutral axis of the x-
section does not coincides with the axis of loading

Procedure to Solve:

1. Find out the centroid of the cross section and draw the
axes x and y

2. Calculate the I, and |, and I,
3. Determine the orientation of Principal Axes (6,) by following Eqn.

21
0, :—ltanl{ 4 }
2 (Ix_ly)

4. Calculate the Principal moment of inertia, I,. and |,. By
any of the following set of the Equations

\_ .
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’ >=§(IX + |y)i§(|x - Iy)00326’$ l,,sin20

OR :X' >:%(Ix + |y)i%(lx — 1, )sec26

P P P 2
% |y, = 5 T 5 + 1 xy

Determine the inclination (a) of the applied loading or
resultant moment with respect to the principal axes.

Resolve the loading along the principal axes.

Determine the Coordinates of the points under
consideration on the cross-section with respect to
Principal Axes (i.e., y’ and x°).

Use the Flexure formula and principal of Super position
to determine the stress at any specifies point .




A

Y AT
A
| \

A

e

-

X4

Y5 =Y,C080—X,sind
X'y =X,C0S6+Y,SInE5

4 Coordinate with respect to Principal Axes:

Dr. Nauman KHURRAI\N

~

/

Y5 =Y, C0S6+X,sing

X', =X,C080—Yy,sIn{J

In above expression insert the x and y values with respect to
their coordinate sign, however insert the absolute value In the
\ flexure equation to determine the bending stress.

/
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Deflection (Alternatively)

since bending always occurs about the N.A., the deflection
equation can be written in the form

PL®

= for cantilever beam at free end
3El A

where IN.A. is the second moment of area about the N.A. and
W' is the component of the load perpendicular to the N.A.
The value of IN,A. may be found either graphically using

|, :%[(|X+ 1, )+(1, =1, )cos28]-1, sin2p

OR IN.A:%[(IX+Iy)+(IX—Iy)se02,B]

where B, is the angle between the N.A. and the principal x-
axis.

\_ J,
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Example Problem 3:

A 200x100x20 mm Angle section is used as a cantilever
beam of 3.0 m long with 200 mm leg in vertical
direction. It supports a load of 6 kN at free end of beam.
Compute the following

1. Maximum bending stress in the beam

2. Orientation of N.A. 20 mm

3. Maximum deflection -,
Also plot the stress profile
6 kN
200 mm l
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Prob. # 11.27: (Mech. of Material by Andrew Pytel 2"d Ed.)

The Z-section described in Figure below is used as a simply supported roof
purlin, 12 ft long, carrying a distributed vertical load of 200 Ib/ft. The slope

of the roof is 1:4, as indicated in the figure. Determine the maximum

bending stress at corner A of the purlin for the orientations (a) and (b)

Please bring the solution in the next class

Attendance is conditional to solution - “’l
B 6 ft
o0 w0
e A 200 Ib/ft
: A% ‘ ——3in—>
: . ,
C\é C\é T
251n
! g l
! 05 25in
(@) (b) l
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Radius of curvature Method

» Principal of superposition is most useful when the
principal axes are known or can be found easily by
calculation or inspection.

>t Is also possible to calculate stresses with respect to
a set of non—principal axes.

»Using the Principal of Superposition method,
deflections can be found easily by resolving the
applied lateral forces into components parallel to the
principal axes and separately calculating the deflection
components parallel to these axes.

» The total deflection at any point along the beam is then
found by combining the components at that point into a
resultant deflection vector. Note that the resulting
deflection will be perpendicular to the neutral axis of
the section at that point.

\_ b0/
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»The Radius of Curvature method (General
Bending Theory) is useful if the principal axes are
not easily found but the components |, |, and I,
of the inertia tensor can be readily determined.

»In this method all the parameter are used with
respect to the centroidal axes

»By this method deflections cannot be determined
by this method.
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Let consider a resistive force dP Y, ]
acting at a differential area dA due * 1
to the moment M, & M,. dA/@’: M l
Strain due to M, ey ~axie (NA)

- }/h L
gzcd—cd:cd—ef X | 7
Z Cd ef \"- Arca=A
(R, +y)d6-R,dO vy
E, = =
R,d& R,
g, =YK, (1)
Strain dueto M,_ | - K, =
X
e, =—=XK 2 : =
"R « (@) | K,

\_
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" Total Strain:
_ VK K Here, R, & R, are radius of
2= YRy ARy curvatures and K, & K, are
o, =E.g, the curvatures in x and vy

0. “E(yK, +xK) (3 direction, respectively
Z ' Yy ' X

Applying (2F), = O:

jAdP :jA(az.dA) :jAE(y.Ky +xK,)dA=0

EK, jA y.dA+EK, ij.dAz 0 (4)

In eqn. (4) E cannot be zero, also K, & K, cannot be zero as
beam is bending. So egn. (4) is only valid if x and y are zero.

Applying (2M), = O:

M, = —jAdP.x = —jA(az.dA).x =—jA E(y.K, +xK,)xdA
\_ 3/
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M, =—EK, | xydA—EK, [x*dA=-E(K, I, +K,I,) ()

Applying (2M), = O:
M, :—jAdP.y :-jA(az.dA)y :—IAE(y.Ky +x.K,)y.dA
M, :—EKyjAysz—EKXijydAz—E(KyIX+K 1) (6)

X" Xy

Generally, M, & M, are known and K, & K, are to be
determined.

For K,:
I\/ley :_EKylxly - Elexny MUItlpIylng Eqn (6) by |y
M, I,, =—EK, 1" —EK,1 I, Multiplying Eqn. (5) by I,

X'y Xy
K, = Mx|y2— Myl (7) Subtracting Egn. (5) from
E(l," —LL,) Eqn. (6)

\_ 4/




/For K.,:

M. I, =-EK,11,-EK,,* Multiplying Eqn. (6) by I,,

M, I, =—EK Il —EKI 1, Multiplying Eqn. (5) by I,

y XXy

Dr. Nauman KHURRAI\N

« ML -My @) Subtracting Eqgn. (6) from
' E( - |) Eqgn. (5)

Substituting the values of K, and K, in Eqn. (3)

B)= o,=E(K, Xx+K,.y)

M, | MLy M ML,
o,=E X+
E( ) EG )Y
b (ML =ML XML M, Dy o)
E(Ixy _ley)

\J_
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/Inclination of the Neutral Axes (N.A.)

Equation of Neutral Axes can be determined 9
by setting o, = 0 in the egn. (3), which yields

0 = E(K x+K,.y) (3) y’ S|
(B

Ky'y:_Kx'X X:tan,B X N
X \

X—tanﬂ:—KX | \\\M
X K, |

I

M, I —M. I
B=-tan™ | —tan | x Ve (10)
K, M —M 1

» The negative sign indicates the angle is in clock-wise

» Angle (f) iIs measured from the positive axes with respect
to the local centroidal axes)

\_ ¥/




» This is the general solution and can be applied to any

section (Symmetric or Unsymmetrical)

»Egn. (7) and (8) are derived by assuming the positive

bending (Tension at the bottom fiber)

l.e., upward loading for the cantilever and downward

loading for simply supported beam.

» For Negative bending tension at top fibers multiplied the

Eqgn. (7) and (8) by (-1).

l.e., downward loading for the cantilever and upward

loading for simply supported beam.

X % Y
X Ky
Positive Positive
curvature k; curvature ky

Z
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c M=0 K M, =M 1, M, I,
ase-l1 M, = =
Y " OE(l, - |) EUWZ—IJy)
ML =M, ~M.,,

X

EUX —||y) E(l,,° —||y)

-M, I
p=—tan™ %= —tan? —
K, M, I,

c IM=0 K M1, =M.l -M, 1,
ase- = =
X " OE(l, - |) EUWZ—IJy)
ML =M, M, I,

X

E( - |) EUWZ—IJy)

-M I
Ky Myl

i =—tan1{

\




/Case-lll, Symmetrical Section Iﬂ: 0

1.

(Or about the Principal axes)
 MA ML M,

" OE(,-1,)  EL
ML -M L, M,

“E(S-10,)  El

M.
B=—tan™ Rl Ctan | e
K, M.,

Procedure of Radius of Curvature Method
Find out the centroid of the cross section and draw the

axes zandy
Calculate the I, and |, and I,

Determine the components of the loading with respect

the centroidal axes. I.e., M, and M,.

Dr. Nauman KHURRAI\N
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Calculate the curvatures, K, and K, as per the sign
convention. By the following expressions

_|v||—|v|| K_MI—MI
EQS 1) COE(LA-1,0))

Calculate the stress at any point by using the following
equation.
o, =E(XK,+yK,)

In above equation use the x and y values of any
specified point along their coordinate sign with respect
to the centroidal axes.

Determine the inclination of the N.A. by the following

Equation.
B = —tanl{ K, }
Ky
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Solved Example Problem 3, by Radius of curvature
method

Cantilever beam

L=3.0m.

Vertical Load P = 6 kN

20 mm

A
., Ll

6 kN
200 mm

I

1 A

1

! | 20 mm
1

1
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Assignment Problem

Book: Mechanics of Materials 2"® Edition
By Andrew Pytel & Jaan Kiusalaas

By Method of super position
Problem 11.20 to 11.28

By Radius of curvature Method
Problem 11.04, 11.23, 11.26 to 11.27

Submission time = 2 weeks






