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3.11 MECHANICS OF MATERIALS FO3
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e Review : Torsion and Beam Bending 1&2
e Beam Bending 3 : Stresses in Beams




Review Lecture 10 : Torsion

1. Torsion : loading of a bar by an external torgt
the longitudinal (z) axis of the bar I T b

2. Pure Torsion : > ' > = S : /B

ASSUMPTIONS::
eevery cross-section of the bar is identical and subjected to sal
«all cross-sections remain plane, the same shape, and the radii ;
«if the angle of rotation is small, the change in length and radi

only twisting and pure shear stresses, no bending or warping

elinear elastic, isotropic z=L
Parameters : z=0 ts 2 (N=tx(R)
L=bar length

f =angle of twist at end of bar

O ,=shear strain

d =shear deformation

r=radial coordinate Z--
z=axial coordinate

R=cross-sectional area radius

T=torque

t; ,=shear stress

------------------------------------------ < ------->A-b-d-b-r - SOLID BAR
r=0

cross-sectional
area

rigid support T
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Review Lecture 10 : Torsion

DERIVATION:
1. Geometrical Statement : d = rdf

2. Shear Strain Displacment Relation : gfzzr?jf—
Z

3. Congtitutive Law : t,,=Gg;, =Gr(1|f_z

f
f
4. Equations of Static Equilibrium (Rotétional) : \ )
constant T : f = It /
\B =

[p radians=180°, 1 rad=57.3"]
Jm*) = polar moment of inertia,

. . . ré
solid bar, circular cross-sectiona area : J:DT

4 .4
hollow bar : J:p(ro—z'ri)

JG(Nm?)="torsional rigidity", k(Nm):?:"torsional stiffness’

5. Shear Stress&e:tfzzE

J

Ter . :
(t ‘s )f :# =modulus of rupturein torsion




Review : Beam Theory

|. Basics : BEAM : structural member subjected to lateral loads, i.e.
forces or moments having their vectors perpendicular to the axis of the bar

rectangutl_ar
cross-section y nomenclature :

L=length or span, b=width, h=height
N A=neutral axis passes through

centroid (X,y=0) of cross-section
| =moment of inertia of cross

— - 1 section about NA
_bh® _pr?

rectangular — 12 » Lcircular — 4

I-beam -J--
cross-section

d flangg. T-beam  El=flexura modulus
ange Ccross-section

11. Types of Supports and Boundary Conditions

1. simply supported

P 3. cantilever
I | 2 A 1 P
w&vA B3 ,”2 I
ya=0 yz=0 2 vy,=0, q,=0 B
2. overhanging i

|
AR\QV ya=0 YBzox\Q\vB




Review : Beam Theory (Cont'd)

I11. Types of Loading

concentrated
moment or
d ol couple
0 Mo ( e L
concentrated load
a P,
0 . L
distributed, uniform load Po
a
0 ° L
linearly varying load slope=k
a
0 L

parabolically varying load

a //.rf




Review : Beam Theory (Cont’d)

IV. Successive Integration Method /7 Shear and Bending Moment Diagrams :

q(x) éa%l__d_VQ g= loading function
V(X) =-Cp(x)dx+C, N = d—MO V=shear force
& g
M(X) =V (X)dx+C,x +C %1=99 S\ =pending momert
@) 1 2
& dx g
2
q(x) :Ell OM (x)dx+ C.X +C,x+C, 8q =El d_\):g g=curvature=slope of y-displacement curve
3 2
y(X) =ca(x)dx + C16X + C, X +Cx+C,  y=vertical displacement

V. Sign Conventions :

v v compression tension
M M

C ) 3
v V v compression
ension




Beam Theory 3 : Normal Stresses and Strains

M.y n

Flexureformula: s =- I

where s , = normal stress in x-direction

M, =internal bending moment

y = vertical distance from NA axis

(see Gere Chapter 12, Appendix D, p 321)

| = moment of inertia of cross-sectional area

R

h
for rectangular beams: y . = >

_ [MX®)]  Yiva
El

__ My
eX E ’(eX)max

El ="flexura modulus'

s. =0 s, (max)c
jjsx (y)
NA X
S, (max)T
(+ moment)




Beam Theory (Cont'd) : Shear Stresses and Strains

Derivation in Gere Section 5.8 ;
Vah 50

Taga Y y
where: t = shear stress X \

V = shear force \ = txy(Y)
h = height of cross sectional area NA l X

t , (rectangular cross section)

y= distance from NA —

. 3V
t , (rectangular cross section) ., = - oA E—

A = cross sectional area




Beam Theory 3 : Stresses and Strains

4y
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Beam Theory 3 : Stresses and Strains
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Beam Theory 3 : Stresses and Strains




Beam Theory 3

=0

Yy

s, (max)c

Mo( NA

7 S, (y)X

S, (max)T

(+ moment)

: Relate Stress to Moment




