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AN TMPROVED SONIC APPARATUS FOR DETERMINING

THE DYNAMIC MODULUGS OF CONCRETE SPECIMENS

Ig recent years considerable emphasis has been placed on the the-
oretical aspects of the sonie method for tesiing materials and exper-
ience hasg proven it to be a satisfactory method for determining the
dynamic modulus of a gréat many subgtences. Since it is a non-des-
tructive and rapid method of testing, it's aspplication and aceeptance
in the field of concrete testing has been widespread. Hornibrookl has
shown this method to be ideally suited to freezing and thewing studies
of eoncrete gpecimens where there exlsts a definite relationship be-
tween the decreasge in modulus of elasticity and the modulus of rupture.
The Sonic Method

The sonic method of testing is primarily one of determining the
fundamental or natural freguency of ﬁibration of the gpecimern under con-
sideration, the dynamic modulus being rTelated to this freduency by the
following simple formulas

T = NFPLAGR
mélksg

Where E = Young's modulusg, pounds per sd. in.,
N = natural [requency, cycles per second,
L = length of specimen, inches,
d = weight per unit volume, pounds per cu. ine,
g = acceleration due to gravity, in. per sec. Per zec.,
k = radius of gyration of a section sbout its axis, and

m = dimengional factor depending on mode of vibration and con-
ditions of restraint.



Wany excellent pepers have apveared on the theory of sonie testing,1,2,3,4,5,
therefere, the text of this paper will be confined to a dizeussion of the
device developed to perform these tests. |

A1l sonic Lest devices have the following basgic wnits in common:

“(a) Variable frequency audio oscillators;

{b) Specimen vibration mechanism, or driving unit;

{(¢) Pick-up device;

(@) Resonance indicator.
These units function according to the following plan: The oscillistor
actuates the driving mechanism at erry desired fregquency within the range
of the appér&tus. The driving mechanism vibrates the specimen. The asignsl
generated by the oscillator is fed into the rescnance indicator, snd this
resulte in a certain operating level indication on the rescnance meter,
or an amplitude indication on = cathode ray tube. Now the frequency at
which the specimen ig being vibreted ig transmitted o the resoﬁance indi-

cator through a pick-up device, usnally of the crystal type. This signal

gdds to the oscillator signal to ralsge the operaiting level of the resonance
! indicator. Since'the‘electrical output of the pick-up increases with

| mechanical input to the crystal, snd the mechanical input is maximum when
a gpecimen is vibrating at its fundsmental fregquency, then the resonsnce
indicating meter will give its greatest resding, or = cathode ray tube

will register greatest smplitude, when the specimen is vibrating at its

fmdemental frequency.
When the indicator incorporstes a cathode ray tube, an additionsl and

mere reliable prineiple of determining resonance is used. The osecillator signal




is fed to ome set of plates on the tube, and the amplified pick-up signal to
the other set of plates. T¥When these signsls are of the same freguency and
in phase a Lisgajous circle is seen on the tube screen.

Figure 1 illustrates, in block diagram form, the essential elements,
and thelr interconnections, for use in testing concrete specimens,

A Discugsion of Apparatus

Most commercial sudio éscillators are of the beat Frequency or B-C
Type, neilther of which 1s particularily well sulted to the method of
sonic testing. If the opeillator is of the beatwfrequeney type it is
subject_to wide frequency drifts with %ariations of tinme and‘temperature
and must be continualiy recalibrated if accurate results are Lo be ex—
pected. If the oscillator is of the R-C or Weln Bridge type it iz less
subject to frequency variations but the scale, in general, 1& too crowded
to permit an accurate determination of the frequency seﬁtinge This ob-
jectiog can he overcome by the use of commercial interpolation oscillators

but their added expense can geldom be justified.

The resonance indleator can be a very simple vacuum fube meter

or a commercial cathode ray oscilloscope. If a vacuum tﬁbe voltmeter

is employed the reSOnant point is apt to be determined lesg accurately
than with a cathode ray: oscillogcope and in addition it lg extremely
difficult to differentiate between the fundamental resonant freguenecy and

one of the many hermenics lhat are present. By mesng of Ligsajous figurss

on the cathode ray oscilloscope thig latter objection can be eliminsted,
but the purchase of a commercial oscillogeope can hardly be justified to

perform this one simple tapk.
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An Improved Compact Unit

The sonic apparetus developed for the Michigsn State Highway De-
partment combines all of these bagic units into a compact unit thet is

gimple enough in operation for the most unskilled worker, relisble, and

af sﬁfficient accuracy for the mogt eritical teste. In addition, it
possesses certain technlcal advantages unobtainable with the standard
line of commercisl equipment.

Tigure 2 shows the circult diagram of the sonic apparstus thst has
been developed to combine all of the best features possible and to eli-
minate the primsyy objections of most commefcially avallable equi?ment.

The band spread on the freguency disl ie at least twice that of the
ordinary osclllator, yet the oseillator ﬁtabili%y ie remarkably good.
Testa with this apparatus have shown that the frequencj drift is less
than 0.5 percent per hour, after the first ten minutes of operation. The
output wave éhape shows very little distortion and the amplitude 1s proc-
ticaelly constant over the entire frecuency rangé Tor any one setting of
the amplitude control.

The incressed band spreszd has been obtained by properiy proyoftioning
the amount of fixed and verlsble capaciisnces in the frequencymdeterminm‘
ing network consisting of Rl’RB’Cl’C2’04’Cg’06 Tor the low freguency renge

and Rl,RQ,Bg,BA,Gl,02,03,64,65,66 for the high freguency range.{Sece Figure 2).
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Freguency drift is inherently low in a Weln Bridge type of ogeillator
gince the freguency-determining elemenis are required to pess only very
minute currents and the power dissipated by these elements is, therefore,
correspondingly small. Thues changes in cireuid element velues are csused
almost entirely by changes in amblent temperature. With proper ventilla-
ticn and pleacement of parits the frequency drift éan be made very small.

Constant amplitude and low distorﬁion of the cgeillstor output wave
ig accompliched by the negetive Teedback path consisting of elements
R5, Ly« The 3-watl Mazde Lemp L, serves ss a non-linear circuit element
which sutometically adjusis the feedback snd amplitude to the proper
1evela

The two-inch cathode ray tube serves three purposes. It is used for
checking the calibration of the oscillator, the &0-cycle power frequency
being used as a standard. It is also used apg a resonance indicator; msking
use of Lissajous figureeg to ascertain the fundamental frequency, and in
addition it is used to indicate the émplitude of the resomant pesk when
comparstive tests aré required.

Figure 2 illustrates typical Lissajous figures that may be observed
on the cathode ray tube during the testing of = specimen. Tigure 3 (a)
represents the case where the frequency of vibration of the bar is equai

to the applied frequency; and Figures 2 {(b) and 3(e) illustrate the case



when the freguencies of vibration of the specimeﬁ are two and three timesg,
respectively, the applied frequency. Figure 4 shows an actual photograph
of the Lisszjous figu}e cbserved_during the tegting of a specimen. |

Calibration controls for the oseillater are ilncluded within the cabinet
to permit recalibration of +the osecillator in the event that changes in the
electrical components should alter the fregquency scales. In addition, the
usual centefing, focusing, and Intensity conirels are included for the
cathode ray tube, These controle are adjusted and then locked, ag further
adjugtment is not neceésary unless the tube is réplaced,
| Figure 5 shows a,phoﬁograph of the sonic epparatug together with the
gpecimen support and driving mechanism. The sgpecimen ig supported .on knife
edges at the nodal points of the bar and the entire sgsembly mountea'upon
a moveable carriage. By means of the hand wheel the carriage, support and
specimen can be moved until the specimen maskes the proper contact with the
driving unit. The crystal acceleration type pick-ﬁp ig spring suspended
from a moveable rod that cen be rotated so as to place the pick-up on the
specimen during test, or rotated out of the field while changing specimens.
The entire operation of specimen testing can be made in the malter of 30 |
to 60 seconds by a skilled operator.- |

This scnic apparatus has sﬁperseded sn carlier device used for soﬁic
testing and the present indicstions sre that it is far superior in every

regpect.



Figure 4. Lissajous figure obtained during test when beam is
vibrating at its fundamental frequency.




1
Figure 5, Sonic apparatus ready for test with beam mounted on nodal supports and
crystal pick-up in pogition.
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