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Standard Test Method for

Fundamental Transverse, Longitudinal, and

Torsional Resonant Frequencies of Concrete Specimens
This standard is issued under the fixed designation C 215; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

€' Note—The values for “cylinder” and “prism” in 9.1 were editorially corrected in April 1999.

1. Scope on the specimen. The driving frequency is varied until the

1.1 This test method covers measurement of the fundamefd€asured specimen response reaches a maximum amplitude.
tal transverse, longitudinal, and torsional resonant frequencieshe value of the frequency causing maximum response is the
of concrete prisms and cylinders for the purpose of calculatingesonant frequency of the specimen. The fundamental frequen-
dynamic Young’s modulus of elasticity, the dynamic moduluscies for the three different modes of vibration are obtained by

of rigidity (sometimes designated as “the modulus of elasticityProper location of the driver and the pickup unit. _
in shear”), and dynamic Poisson’s ratio. 3.3 In the impact resonance method, a supported specimen

1.2 Values in S| units are the standard. is struck with a small impactor and the specimen response is
1.3 This standard does not purport to address all of themeasured by a lightweight acce]erometer on the specimen. The
safety concerns, if any, associated with its use. It is thé€utput of the accelerometer is recorded. The fundamental

responsibility of the user of this standard to establish appro{fréquency of vibration is determined by using digital signal
priate safety and health practices and determine the applicaProcessing methods or counting zero crossings in the recorded

bility of regulatory limitations prior to use. waveform. The fundamental frequencies for the three different
modes of vibration are obtained by proper location of the
2. Referenced Documents impact point and the accelerometer.

2.1 ASTM Standards: —
C 31 Practice for Making and Curing Concrete Test Speci-4' Significance and Use

mens in the Field 4.1 This test method is intended primarily for detecting
C 42 Test Method for Obtaining and Testing Drilled CoresSignificant changes in the dynamic modulus of elasticity of
and Sawed Beams of Concréte laboratory or field test specimens that are undergoing exposure
C 192 Practice for Making and Curing Concrete Test Specit® Weathering or other types of potentially deteriorating influ-
mens in the Laboratofy ences. . - _
C 469 Test Method for Static Modulus Elasticity and Pois- 4-2 The value of the dynamic modulus of elasticity obtained
son’s Ratio of Concrete in Compressfon by this test method will, in general, be greater than the static
C 670 Practice for Preparing Precision and Bias Statemenf§odulus of elasticity obtained by using Test Method C 469.
for Test Methods for Construction Materials The difference depends, in part, on the strength level of the
concrete.
3. Summary of Test Method 4.3 The conditions of manufacture, the moisture content,

3.1 The fundamental resonant frequencies are determinedd other characteristics of the test specimens (see section on
using one of two alternative procedures) the forced reso- Test Specimens) materially influence the results obtained.
nance method or2j the impact resonance method. The same 4.4 Different computed values for the dynamic modulus of
testing procedure is used for all specimens of an associatefasticity may result from widely different resonant frequencies
series. of specimens of different sizes and shapes of the same

3.2 Inthe forced resonance method, a supported specimeng@ncrete. Therefore, comparison of results from specimens of
forced to vibrate by an electro-mechanical driving unit. Thedifferent sizes or shapes should be made with caution.
specimen response is monitored by a lightweight pickup um%_ Apparatus

5.1 Forced Resonance Apparatusid. 1):

1 This test thod i der the jurisdicti fASTM C ittee C-9 Ci t .. . . .. S . .
T o 15 e e JANeieton © ommitiee &= on LONCre'® 5.1.1 Driving Circuit—The driving circuit shall consist of a

and Concrete Aggregates and is the direct responsibility of Subcommittee C09.64 on

Nondestructive and In-Place Testing. variable frequency audio oscillator, an amplifier, and a driving
Current edition approved Aug. 10, 1997. Published June 1998. Originallyunit. The oscillator shall be calibrated to read withi2 % of
published as C 215 — 47 T. Last previous edition C 215 — 91. the true frequency over the range of use (about 100 to 10 000

2 Annual Book of ASTM Standardggl 04.02.
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iy c 215
Variable proportional to the motion of the test specimen in accordance
'gf;g;;;;‘gy with the characteristics of the type of pickup selected, and shall
be free from spurious resonances in the normal operating
range.
Driver 5.1.3 Specimen Suppe#tThe support shall permit the

Oscilioscope specimen to vibrate freely. This may be accomplished by
0 placing the specimen on soft rubber supports located near the
nodal points or on a thick pad of sponge rubber. The location

of the nodal points for the different modes of vibration are
por— described in Note 2, Note 3, and Note 4. The support system

[Amplitier | shall be dimensioned so that its resonant frequency falls
— outside the range of use (100 to 10 000 Hz).

5.2 Impact Resonance Apparatusid. 2):

5.2.1 Impactor—The impactor shall be made of steel or
) . . rigid plastic and the mass of the head shall be 0:10.02 kg.

Hz). The combined oscillator and amplifier shall be capable ofrpe striking end of the impactor shall have a spherical shape
delivering sufficient power output to induce vibrations in the yith a diameter of 6 1 mm.

test specimen at frequencies other than the fundamental ands 2 2 Sensoe~The sensor shall be a piezoelectric acceler-
shall be provided with a means for controlling the output. Thegmeter with a mass less than 27 g and having an operating
capable of handling the full power output of the oscillator andpf the accelerometer shall be at least two times the maximum
amplifier. This unit may be used in contact with the testoperating frequency.

specimen or separated from the specimen by an air gap. Whens 3 3 Frequency AnalyzerThe frequency of the specimen
th_e test specimen is cont_act-drlven, the V|brat|ng parts of th§ipration may be determined by using either a digital wave-
specimen. The oscillator and amplifier shall be capable ofyeasured by the sensor. The waveform analyzer shall have a
producing a voltage that does not vary more thz0 % over  sampling rate of at least 20 kHz and shall record at least 1024
the frequency range and, in combination with the driving unit,ngints of the waveform. The frequency counter shall have an
shall be free from spurious resonances that will be reflected iBccuracy of+1 % over the range of use.

the output. 5.2.4 Specimen Suppe#Support shall be provided as

Note 1—It is recommended that the calibration of the variable fre- SPecified in 5.1.3 for the forced resonance method.
quency audio oscillator be checked periodically against signals transmit- .
ted by the National Institute of Standards and Technology radio statio®- Test Specimens
WWV, or against suitable electronic equipment such as a frequency 6.1 Preparation—Make the cylindrical or prismatic test
counter, the calibration of which has been previously checked and foungp(:',cimenS in accordance with Practice C 192. Practice C 31
o be adquate. o _ o _ Test Method C 42, or other specified procedures.

5.1.2 PICkUp Circuit—=The pICkUp circuit shall consist of a 6.2 Measurement of Mass and DimensiedRetermine the
pickup unit, an amplifier, and an indicator. The pickup unitmass and average length of the specimens withh5 %.
shall generate a voltage proportional to the displacemenpetermine the average cross-sectional dimensions within
velocity, or acceleration of the test specimen, and the vibrating-1 o4,
parts shall be small in mass compared with the mass of the testg 3 Limitations on Dimensional Ratie-Specimens having
specimen. Either a piezoelectric or magnetic pickup unieither very small or very large ratios of length to maximum
meeting these requirements may be used. The amplifier shallansverse direction are frequently difficult to excite in the
have a controllable output of sufficient magnitude to actuate theundamental mode of vibration. Best results are obtained when
indicator. The indicator shall consist of a voltmeter, milliam- thjs ratio is between 3 and 5. For application of the formulas in

meter, or cathode-ray oscilloscope. For routine testing ofhis test method, the ratio must be at least 2.
specimens whose fundamental frequency may be anticipated

within reasonable limits, a meter-type indicator is satisfactory’. Determination of Resonant Frequencies—Forced
and may be more convenient to use than a cathode-ray Resonance Method

oscilloscope. It is, however, strongly recommended that when- 7.1 Transverse Frequency

ever feasible a cathode-ray oscilloscope be provided for

supplementary use or to replace the meter-type indicator. The Waveform Anclyzer

use of an oscilloscope as an indicator may be necessary when or ﬂ Impactor
specimens are to be tested for which the fundamental fre- Frequency Counter

quency range is unpredictable. The oscilloscope is valuable
also for checking the equipment for drift and for use in the

FIG. 1 Schematic of Apparatus for Forced Resonance Test

event that it should be desired to use the equipment for certain —
) . Amplifier
other purposes than those specifically contemplated by this Y Ml

method of test. The response of the pickup unit shall be FIG. 2 Schematic of Apparatus for Impact Res@atrnents
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