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Fig. I.—A Typical Time-Deflection Curve from Impact 
Test on a Timber Beam, and Its First and 

Second Differential Curves

portional to the deflection at the centre, or at any other 
point with the elastic limit
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The deflection at any section distant x from the left 
end of the beam is
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J Wtds = work done by gravity on the tup after

initial contact with the beam.
J" SfFbs = work done by gravity on the beam after

initial contact, s being the deflection of the element 5TFb.

J-H—vt2 = kinetic energy of the tup at the instant of
g

contact, vt being the velocity of the tup at that instant.
While equation (2) is general and applies at any in­

stant during the motion, the energy that exists as vibta- 
tions will be relatively large for the first part of the de­
flection during the time required to overcome the. inertia 
of the beam. Consequently the subsequent discussion will 
concern the motion after the vibrationless condition has 
been more nearly reached.

Referring again to the integral

observed that the work of deflection is equal to the 
change in kinetic energy of the tup pliis the work done 
by gravity on the tup and beam during deflection, minus 
the energy lost in imparting velocity to the beam and 
denting it at the point of contact.

Bearing in mind that v is the velocity at the centre 
after tfie inertia of the beam has been entirely overcome, 
and u is the corresponding velocity of any element zTfzb, 
a Way from the centre, it is a simple matter to express u 
in terms of v, since the elastic curve is assumed to be

/ Fdy, it will now be

♦

at the point of contact of the tup, s being distance passed 
through by the tup, y the distance the centre of gravity 
of the beam passes through, and p the pressure between 
the tup and the beam. The difference between y and $ is 
usually less than ^ of 1 per cent, of the total deflection, 
so that the work lost in denting the beam is negligibly 
small and will be neglected in the' subsequent discussion.

«S-ft.

J Fdy = work done in deflecting the beam. 0The

force F is practically identical with the pressure p, and 
would be exactly the same as p for weightless beams. F 
is in the determination of this force that the main problem 
of stresses in beams subject . to impact lies, 
equivalent to the centre load in a static bending test, 
which, when plotted against deflections, gives 
from which the modulus of elasticity, the modulus of 
rup'ure, and the energy of rupture may be computed.

_ .kinetic"energy of the beam, where Wt> is
J 2 g

the weight of the beam and a the velocity of any ele­
ment SpFV.

§ y2 = kinetic energy of the tup at any instant 
g

under consideration after initial contact, Wt being the 
weight of the tup.

Ee = energy lost in vibrations. In all impact some 
energy is lost in vibrations, but this can be largely re­
duced by making the ratio of the weight of the machine 
frame to that of the tup relatively large. It will be 
omitted on this basis.

ds- ft/sec. dt 'F is

a curve

0/

dk=ft/sec.
at?

i65THE CANADIAN ENGINEERAugust 23, 1917.

known. Let l be the length of the beam, y’ and s', y" 
and s" be the corresponding deflections at the centre and 
at any section distant x from the end, respectively, and 
let P' and P" be the loads at the centre corresponding to 
yi and y". Since the load at the centre is directly pro-

Work done up to any instant plus kinetic energy at 
that instant is equal to the initia kinetic energy plus work 
available.J (ds — dy)p = work done in compressing the fibres
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