CHAPTER 10
DYNAMIC LOADING

|/ INTRODUCTION
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® |[n previous chapters, the loads are static
or pseudo-static

m Static Loads:
v' are applied slowly, gradually increas-
ing from zero to its maximum value
v I'acceleration is absent or very small
so that it can be neglected

® Dynamic Loads :

v may be applied very suddenly, thus
causing vibrations of the structures

v may change in magnitude as time
elapses

= Types of Dynamic Loads

v impact loads : applied in short time
(when two objects collide, a falling object
strikes a structure,..)

v cyclical loads : caused by rotating
machinery

m Study Cases :

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

v Solids subjects to franslational move-
ment at a constant acceleration

v’ Solids subjects to rotational movement
at a constant rotationary speed

v Vibration of solids

v’ Solids subjects to impact loads

I/ BODIES SUBJECT TO UNIFORMLY ACCELE-
RATED MOTION

PROBLEM : a body of weight Q is pulled by a
wire of section A, having a specific weight y at

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

an acceleration o . Compute the force
induced in the wire and then verify the
strength condition.

N

Solution
v Dynamic Equilibrium Equation :

N, - (Q + yAz) = [M]o
9

a)
- N, =(Q + yAz) — | = ke
(o)
- a
with N,=Q+vyAz & k,=1+—
g
v Dynamic Stress:
B Nd B Ns’rkd B K
Cq = = = ORyg
A A
Ns’r
with o = static sfress
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v’ Strength Condition:;
m ax ‘cd‘ = m ax ‘csf"kd < [o]
m REMARKS :

vWhena>0 —>ky>1
= 04> 64 dynamic action

vWhena<0 —ky<1
= 64> 64 Static action

lll/ BODY SUBJECTS TO ROTATIONARY MOTION

PROBLEM : Determine stresses in a Rotating
RiNng (Flywheel Rim) at a high speed o
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A — Cross-sectional area of the ring
vy —specific weight of its material

n — number of revolutions/unit time
o - angular velocity of rotation

D — mean diameter of the ring

m Calculating inertia forces of an element of
length ds :

v o = constant - ang.accélé. o - do
— Tangential accélération: w, = oD /d2T= 0

— Normal acceleration: W, =0'D/2

v’ Intensity of the inertia force/unit length

YA YyAD

q=—Ww,_ = ®
m Calculating ’rhe%n’rernalzf%rce and stress
v Isolate a circle half of the ring;

v Equiilibrium of this circle half:

n/2

ZFy=O—>2P.A—J‘ q.ds.sing =0

-n/2

, D Dg yAD’w’
with ds = —d¢e > P = =
2 2 49
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v Dynamic Stress :

_i_ vD o - R’w’
YT A 49 g
= Example :

Data:
m = 1kg
r=0.1Tm
d=0.0lm
[6] = 160 MPa

Calculate the allowable number of
revolutions per unit time. Neglect the specific
weight of the material and the change in
distance between two masses.

SOLUTION

v Calculating Scheme
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v’ Critical Section at A
Ng = mw2r;
My = mr(g+2w2r)

MmAax e, = + <|o
.= o [o]
mgap
nn [o1-—, 30
- 0 = < - n~ —+7580 =270 r.p.m.
30 (1 2p ) T
"Pla T w)
A wW

IV/ VIBRATION OF ELASTIC SYSTEMS

® |n the two first problems, the accelerations
do not change in direction
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m [f the beam is loaded by a motor having
eccentricity in rotation, the force of inertia of
the rotating load will give rise to stresses and
deformations in the beam which periodically
change their sign. The beam will begin to
vibrate with a period which is equal to the
period of rotation of the load. These vibrations
are known as forced vibrafion (or excifed

vibration)

m Types of vibrations :
v' Natural Vibration (or Free vibration)
v’ Forced Vibration

Ao

S

" Degree of Freedom (d.o.f.)= number of
indépendent parameters for determining the
posifion of a system

Example: Neglecting the proper weight of the
beam, the system (@) has 1 d.o.f. and the
system (b) has 2 d.o.f.s

a/ one-d.o.f. system b/ two-d.o.f. system
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VIBRATION OF ONE-DEGREE-OF-FREEDOM
SYSTEM

m General Differential Equation of vibration
(P/t vi ph@n dao ddng téng qudt

o v Exciting Force (Lyc kich
thich): P(1)

v Elastic Force (Luc ddan

héi) : F = - kx

y J v Damping Force of medium

@ Lk Qe cdn cuda moi trudng) :

ey ol R0

}P(’r
P(t) - kx — BX = MX
1
X+2aX+m2X=—P(T)
M
K Kk
with 2a - 2. 2. X _X¥9 9
M M g X,

m Free Oscillation without damping force
(Dao dong ty do khéng cé Iuc cdn)

v’ Motion Differential EQuation: x + o°x =0

v General Solution: x = Acoswt+Bsinwt

10
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v' Angular Frequency of Natural Vibration :

v’ Period of Natural Vibration :

= 2_n: 2n«/xf/g

®

m Natural Oscillation of single degree-of-
freedom systems in case of resisting force
being proportional to speed

|

l
|
l

'lll;l-lf

v Putting: 0o =0 —a
v General Solution:

—aft

x=e  (Asinot+Bcosa,t)

11
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v’ Period of vibration:

m Forced Oscillations under harmonic loads

v’ Differential EQuation of Motion:

1
X +2aX + ©°x = —P,sinQt
M

v  General Solution:  x (1) = x (1) + x (1)
with  x,(Hh=e " (Asino t+Bcosa,t)
X,() =C.sinQt+ C_,cosQt

to, x, > 0, x() > C,sinQt+C,cosQt

o _POI— 0 -Q° —I
| Mt(m2—Q2)2+4a292J
]
C =_PO QG.Q |

12
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Putting : § =

X (1)

A, sin(Qt-vy)

P,

= sin(Qt-vy)

2 2

2
([ Q) 40°0Q

L) T
() Q)

v Amplitude of excited oscillations:

v’ Static Displacement due to Py

A, =P

st 0

v Dynamic Coefficient:
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()

a > 0> kd=

v’ Discussion :

Q
eWhen — 1 Q~o® and o =0

Q)

k, > o : resonance (suy cgng hudng)

e Resonance domain (Mién cdng
hudng)

0.75 <

Q
— < 1.25
®
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m The Effect of Mass of the Elastic System on
vibrations

v Principle : «Reducing the mass of the
system to one mass m’ superposed at the
posifion of m, and studying the oscillation of
the single d.o.f. system having the mass
(Mm+m")»,

v’ Base of the mass reduction: «fwo systems
having the same kinetic energies will be
equivalent in frequency»

= Example : A simply supported beam, having
a mass m at the middle of its span. Study the
natural vibration of the mass m by taking into
account the mass of the beam, which is
assumed to be small compared to m.

SOLUTION

15
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v Vertical Displacement of a section at z :
3L°z — 42°

L3

where f — displacement at m position

v =f

, , dv 3L’z -4z° df
v Rate at this section: = .
dt L dt

v Kinetic Energie of the mass dm at this
section:

3

2
yAdz (322 - 42>\ (df)

Tl )

v’ Kinetic Energie of the whole beam:

2
] YA (31%2 - 4z2°) (df\2d
= — — | dz
IO sz L° JLdTJ
1 17 yAL (df)
2 35 g 'Lde

v Kinetic Energie of the equivalent mass m’;

(dfY |

m L;J avecC m = iﬂ

35 ¢

1
T=—.
2

m Reduced Mass of the beam is :

16
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. A
m = pp—

where p - the coefficient of mass réduction

*3

T F ey

e ’
% oM 33
[

’ L | H
% o
]
b= —
) 3
m’ m

Home work : A motor having a weight of Q =
12000 N, is put at the middle of the two-beams
system of | profil N°24a having 3 meter length.
Calculate the natural frequency of the beam
in two cases: (@) neglecting the beam
weight ; (b) taking infto account the beams
weight.

17
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CALCULATING STRUCTURES SUBJECT TO
IMPACT LOADS (tdi trong va cham)

= INTRODUCTION:
v Impact Load occurs when the rate of

considered element or other bodies
connected to it, changes suddenly.

v Examples :
e Un heavy weight faling down on the
head of a pile (vertical hit)

e a car strikes a barrier (horizontal hit)
o

18
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= HYPOTHESES

v Energy conservation Law: The kinetic
energy of the colliding object will be
fransferred wholly into the elastic potential
energy of the collided object, assuming no

loss of energy

v' The distribution of stresses and strains is

the same as in static loading

v The effect of impact on strains or stresses
is evaluated through the impact factor (hé

s6 dong) or dynamic coefficient

m Vertical hit:
Q
H Q’
AN e
: L i
A _
5;:;-; . _J.\{ -"_‘-’_; - -’:-:—?;..-s-:

19
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v Problem:
A weight Q of mass m falls on another weight
Q" of mass m’ existihg on a beam from a

height  H. Calculate the  maximum
displacement

v' Solution :

e Energy absorbed during the impact process
»Before impact, Q/g has a rate of v,.

»After impact, (Q + Q")/g being sticked
together - v

»Theorem on quantum conservation :
(Binh Iy bdo todn déng lugng)

Q QA+ Q' Q
—V, = vV -S> V=
g g Q+ Q'

Vo

» Kinetic Energy (BOng ndngQ)

2

Q+Q'( Qv, ) Q’

! ( _ L
2 g la+a') 2g(a+a@)

K= V2

20
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¥ Potential Energy (Th&é ndng):

T=(Q@+Q")y,

» Total Energy during the impact:

2

1 Q
2g(Q+Q’)

A=K+T-= v+ (Q+Q')y,

e The Total Absorbed Energy will transform in
Potential Energie of Deformation :

» Before impact, Q" moves y;’

- U =—-Q'y, =

i i
oo 2 5
» After impact, (Q + Q") move yy4

2

1(Yi+Ya)
2 )

U =

2

» Potential Energy accumulated during
the impact process :

[axv) ()]

!
2 l ) 0 J

U=U,-U, =

2 1

21
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