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* |ntroduction

Types of Beams, Loads, and Reactions

Shear Forces and Bending Moments

Relationships Between Loads, Shear Forces and Bending

Shear-Force and Bending-Moment Diagrams
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Shear-Force and Bending-Moment Diagrams gaﬁg
Concentrated Load SEOUL NA:?:?TLUNIVERSITY
- e
Shear Force Diagram, N —
V =PTb (0O<x<a) 1 . f
V= _Pa (O<x<a)
L v L Slope dV/dx =0
0 % q:O

Area for x<a
Pa - increase in M

 Bending Moment Diagram

Pbx Area for a<x<b

M e (a<x<Ll) - decrease in M

Pab

M:E(L—x) (a<x<lMﬂ\
L Slope dM/dx =V




ShQar-Force and Bending-Moment Diagrams %;M?E
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* From Moment Equilibrium, A_H"HT"HW )
oL A.
R :R = )
ACTEB 9 1 > %
» From Free Body Diagram, “ " v
L al.
V=RA—qx=q7—qx VER
5 0
M = RAX_qX(Ej _ qLx X N{L
2) 2 2 w2
* Slope of V? i
* Slope of M? 0/ \
c)



Shear-Force and Bending-Moment Diagrams ;,E@
Several Concentrated Loads L ome
* From Moment Equilibrium, a3 Pgbq
R, +Ry =P +P, +P, T
AE B T B
* From Free Body Diagram, r %
V=R, M=Rx (0<x<a) RA ] Ry
V=R,-F M=Rx-R(x-a) (a<x<8a) . "
V |
V=-R +P : E
M=R,(L-X)-P(L-b,—X) (3, <x<a,) =
V =-R, M,

M=Ry(L-x) (a;<x<L) ”‘;m



Saint-Venant Principle
Effect of material property?
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* Introduction

» Pure Bending and Nonuniform Bending

* Curvature of Beam

* Longitudinal Strains in Beams

 Normal Stress in Beams

* Design of Beams for Bending Stresses

* Nonprismatic Beams

 Shear Stresses in Beams of Rectangular Cross Section
 Shear Stresses in Beams of Circular Cross Section

 Shear Stresses in the Webs of Beams with Flanges
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 Chapter 4 - Shear forces (V) & Bending
Moments (M).

* How about stresses and strains associated

with V & M? p
* Assumption: f - JB

“) v

— Beams are symmetric about the xy plane.

. ] L] IA
— y-axis is an axis of symmetry of the cross | !
section

— All'loads act in this same plane, known as the
plane of bending



Pure Bending and Nonuniform Bending

* Pure Bending:
— Flexure of a beam under a constant bending moment.
— Occurs only in regions with zero shear force
* Nonuniform bending
— Flexure in the presence of shear forces
. M, M,
— Bending moment changes C ) B)
* Simple beam AB loaded by two couples A A
M,

— Constant bending moment & shear force 0 MO

(b)



Pure Bending and Nonuniform Bending el
Other exampies SEOUL NATIO:':L UNIVERSITY

nonuniform Pure nonuniform
bending bending bending



Curvature of a Beam |
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» Strains and stresses due to lateral load
are directly related to the curvature of ,
deflection curve. ’ JB
. . e
— Two points m; & m, on the deflection -
curve Center of curvature —__
N
— Center of curvature

Radius of curv\gture
— Radius of curvature "

 Curvature (K,= =, |

=&, f13R): reciprocal of |A—— i )
the radius of curvature e
— Measure of how sharply a beam is bent - — 1

Yo,
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Curvature of a Beam
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* From the geometry of triangle O'm,m.,,

pd@ =ds .
' A - JB
* By rearranging, -
(a)
o1 _do Center of curvature —__
p ds

Radius of curvature
o Under the assumption of small

B
. , , y 7
deflections = deflection curve is nearly —— ———
ﬂat X dx
1_dog
K=—=——




Curvature of a Beam B
sign convention
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» Sign convention of curvature

— (+) : beam is bent concave upward (?1 = 2 =)

— (-): beam is bent concave downward (Ot = 2 =)

\_/ Negative
Positive curvature
curvature

0




Longitudinal Strains in Beams Bl

» Basic assumption:

— Cross section of a beam in ; 7 ’
pure bending remain plane, .

— (There can be deformation in
the plane itself)

* Upper part: shorten—>
compression

* Lower part: elongate—>
tension




Longitudinal Strains in Beams mﬂg

— Neutral surface: no

y Y
longitudinal strain " ) .
. y i
— Neutral axis: neutral surface’s 7~ o d §
Intersection with cross- -
sectional plane T (b5

— At neutral surface: 0
dx = pdéd

— Length L1 of line ef after
bending

L, = (p-y)do = dx—Ldx
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Longitudinal Strains in Beams Y
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* Longitudinal strain

= —K‘y

— Longitudinal stress expected

— Transverse strains due to Poisson’s ratio = does not induce
transverse stress, why?



Normal Stress in Beams i,

* From Hooke’s Law, y

Ey

o,=E¢, =——=-Exy
o,
— Stresses are compression above the neutral surface y
with positive curvature
— Still not practical. Why? ' A
— Determine y & relationship between K (curvature) / \
and M (Bending Moment) / 0 \




Normal Stress in Beams i,

 Resultant of the normal stresses y

— Resultant force in x direction is zero

— The resultant moment is equal to the bending
moment M




Normal Stress in Beams (L
Location of Neutral Axis i ——

[

» Because there is no resultant force acting on the
Cross section

[o,dA=—[ExydA=0
A A

jydA:O

— First nAw\oment of the area of the cross section evaluated

with respect to z-axis is zero. = z-axis must pass , P
through the centroid. / z&%_

— Y axis is also axis of symmetry B

* The origin O of coordinates is located at the
centroid of the cross sectional area



Normal Stress in Beams
Moment-Curvature Relationship
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« Elemental moment

dM =—-o, ydA
M = j xEy?dA=«E j y2dA
A A (a)
M = «El | =[y*dA
A IA
* Moment-Curvature Equation N / EXV
1 M ke \
K =

- @ Flexural rigidity: a measure of the
resistance of a beam to bending

) Positive

bending

+MC moment 51‘4
Positive
curvature

0

y Negative
bending
moment

- Negative

curvature

0



Normal Stress in Beams (Y
Flexure Formula (=2 & Z4!) ot Narion onEST

* Finally, bending stress due to bending

m O m e nt i S : My -‘.Compressivc stresses
om 1

Bending stre Posiivn heniing

moment

)

+M

» Maximum tensile and compressive bending
stresses occur at points located farthest

Tensile stresses

Irom the neutral axis. @
M Cl M M C2 M Tensile &E}Tssu
O. 1= = O 5 = =
I Sl I SZ Negative bending

moment

_— \ X

| | A
S | A
C C Compressive stresses
1 2 (b)



Normal Stress in Beams A
Flexure Formula (2 & 3 4!)

SEOUL NATIONAL UNIVERSITY

» Section modulus: combines properties into a single quantity.
* Doubly symmetric shapes: whenc,=c,=c
» Maximum tensile and maximum compressive stresses are

equal numerically

Mc M
01:—0'2 =

I S

— A beam of rectangular cross section

£ 0 h
bR bh’ |
12 6 PR




Example 5-3 %Mi
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« Maximum tensile and compressive stress in the beam due to
bending?

P =50kN
«—2.5m
g =22 kN/m p L0003
(kN)
Y ¥ ¥ Yy Y VY VY VY 50.043
A-f: 3 0
41043\'
e L=67m—
~92.357
(a) (©
M
3.85
h =700 mm (kN-m) PR
—» [— 0

b =220 mm
(b)

(d)
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* Introduction

» Pure Bending and Nonuniform Bending

* Curvature of Beam

* Longitudinal Strains in Beams

 Normal Stress in Beams

* Design of Beams for Bending Stresses

* Nonprismatic Beams

 Shear Stresses in Beams of Rectangular Cross Section
 Shear Stresses in Beams of Circular Cross Section

 Shear Stresses in the Webs of Beams with Flanges



