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QHny) Designation: C 597 — 97

Standard Test Method for

Pulse Velocity Through Concrete *

This standard is issued under the fixed designation C 597; 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.

This specification has been approved for use by agencies of the Department of Defense.

1. Scope where:

1.1 This test method covers the determination of the veloc-E = dynamic modulus of elasticity,
ity of propagation of compressional waves in concrete. Thish = dynamic Poisson’s ratio, and
test method does not apply to the propagation of other types o = density.

waves within the concrete. 4.2 This test method may be used to assess the uniformity
1.2 The values stated in Sl units are to be regarded as tHnd relative quality of concrete, to indicate the presence of
standard. voids and cracks, to estimate the depth of cracks, and to

1.3 This standard does not purport to address all of the€valuate the effectiveness of crack repairs. It may also be used
safety concerns, if any, associated with its use. It is thd0 indicate changes in the properties of concrete, and in the
responsibility of the user of this standard to establish appro-Survey of structures, to estimate the severity of deterioration or
priate safety and health practices and determine the applicac’acking. When used to monitor changes in condition over

bility of regulatory limitations prior to use. time, test locations are to be marked on the structure to ensure

that tests are repeated at the same positions.

2. Referenced Documents 4.3 The degree of saturation of the concrete affects the pulse
2.1 ASTM Standards: velocity, and this factor must be taken into consideration when
C 215 Test Method for Transverse, Longitudinal, and Tor-€valuating test results. The pulse velocity of saturated concrete

sional Frequencies of Concrete Specinfens may be up to 5 % higher than in dry concréte. addition, the
C 823 Practice for Examination and Sampling of HardenedPulse velocity in saturated concrete is less sensitive to changes
Concrete in ConstructioRs in its relative quality.
4.4 The pulse velocity is independent of the dimensions of
3. Summary of Test Method the test object provided reflected waves from boundaries do not

3.1 Pulses of compressional waves are generated by @&®mplicate the determination of the arrival time of the directly
electro-acoustical transducer that is held in contact with on&ansmitted pulse. The least dimension of the test object must
surface of the concrete under test. After traversing through thexceed the wavelength of the ultrasonic vibrations (Note 1).
concrete, the pulses are received and converted into electricaly,.e 1 The wavelength of the vibrations equals the pulse velocity
energy by a second transducer located a distanfrem the  divided by the frequency of vibrations. For example, for a frequency of 54
transmitting transducer. The transit tineis measured elec- kHz and a pulse velocity of 3500 m/s, the wavelength is 3500/
tronically. The pulse velocity is calculated by dividing. by =~ 54000= 0.065 m.

T. 4.5 The accuracy of the measurement depends upon the

4. Significance and Use ability of the operator to determine preci_sely the distance
' between the transducers and of the equipment to measure
4.1 The pulse velocityV, of compressional waves in a precisely the pulse transit time. The received signal strength

concrete mass is related to its elastic properties and densighd measured transit time are affected by the coupling of the

according to the following relationship: transducers to the concrete surfaces. Sufficient coupling agent
EL-p and pressure must be applied to the transducers to ensure stable
V= \VpA+pd-2p (1) transit times. The strength of the received signal is also affected

by the travel path length and by the presence and degree of
cracking or deterioration in the concrete tested.
4.6 The results obtained by the use of this test method

* This test method is under the jurisdiction of ASTM Committee C-9 on Concreteshould not be considered as a means of measuring Strength nor
and Concrete Aggregatesand is the direct responsibility of Subcommittee C09.640n
Nondestructive and In-Place Testing.
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iy c 597
as an adequate test for establishing compliance of the modulus Transmitting Receiving
of elasticity of field concrete with that assumed in the design. ~ Transducer Transducer

The longitudinal resonance method in Test Method C 215 is

recommended for determining the dynamic modulus of elas-
ticity of test specimens obtained from field concrete because | [oisinsiasy A
Poisson’s ratio does not have to be known.
Note 2—When circumstances permit, a velocity-strength (or velocity- v
modulus) relationship may be established by the determination of pulse A
velocity and compressive strength (or modulus of elasticity) on a number
of samples of a concrete. This relationship may serve as a basis for thg -
estimation of strength (or modulus of elasticity) by further pulse-velocity T|me
tests on that concrete. Refer to ACI 228 Rr guidance on the Display
procedures for developing and using such a relationship. Unit
4.7 The procedure is applicable in both field and laboratory *
testing regardless of size or shape of the specimen within thej o Time
imitati i - i ulse f Receiver
limitations of available pulse-generating sources. Generator [P Measuring [~ Amplifier
Note 3—Presently available test equipment limits path lengths to Cireuit
approximately 50 mm minimum and 15 m maximum, depending, in part,

upon the frequency and intensity of the generated signal. The upper limit

of the path length depends partly on surface conditions and partly on the Note 1—It is advantageous to incorporate the pulse generator, time
characteristics of the interior concrete under investigation. The maximunmeasuring circuit, receiver amplifier, and time display into one unit.
path length is obtained by using transducers of relatively low vibrational FIG. 1 Schematic of Pulse Velocity Apparatus

frequencies (20 to 30 kHz) to minimize the attenuation of the signal in the

concrete. (The resonant frequency of the transducer assembly, that is,Nore 5—Transducers with higher resonant frequencies have been used
crystals plus backing plate, determines the frequency of vibration in thgyccessfully in relatively small laboratory specimens.

concrete.) For the shorter path lengths where loss of signal is not the . . .
governing factor, it is preferable to use vibrational frequencies of 50 kHz 2-1.2 Receiving Transducer and AmplifieiThe receiving

or higher to achieve more accurate transit-time measurements and hend@nsducer shall be similar to the transmitting transducer. The

greater sensitivity. voltage generated by the receiver shall be amplified as neces-
4.8 Since the pulse velocity in steel could be up to double&ary to pr_O(_juce triggering pulses to the time-measuring circuit.
that in concrete, pulse-velocity measurements in the vicinity of "€ amplifier shall have a flat response between one-half and
the reinforcing steel may be higher than in plain concrete of théhree times the resonant frequency of the receiving transducer.
same composition. Where possible, avoid measurements in 5-1.3 Time-Measuring Circui-The time-measuring circuit
close proximity to steel parallel to the direction of pulse@nd the associated triggering pulses shall be capable of

propagation. providing an overall time-measurement resolution of at least 1
us. It should be initiated by a triggering voltage from the pulse
5. Apparatus generator and should operate at the repetition frequency of the

5.1 The testing apparatus, shown schematically in Fig. 1latter. Th_e time-megsuring circuitshall_provide an output when
consists of a pulse generator, a pair of transducers (transmittt€ received pulse is detected, and this output shall be used to
and receiver), an amplifier, a time measuring circuit, a timedétermine the transit time displayed on the time-display unit.
display unit, and connecting cables. The time-measuring circuit shall be insensitive to operating

5.1.1 Pulse Generator and Transmitting TransdueeFhe ~ t€mperature in the range from 0 to 40°C and voltage changes
pulse generator shall consist of circuitry for generating pulsed the power source o 15 %. _ _ _
of voltage (Note 4). The transducer for transforming these 5-1.4 Display Unit—Two types of display units are avail-
electronic pulses into wave bursts of mechanical energy shafiPle. Modern units use an interval timer and a direct-reading
have a resonant frequency in the range from 30 to 100 kHgligital display of th_e transit time. Older units use a cathpde ray
(Note 5). The pulse generator shall produce repetitive pulses ##be (CRT) on which the pulses transmitted and received are
a rate of not less than 3 pulses per second. The transducer sh@ifPlayed as deflections of the traces in relation to an estab-
be constructed of piezoelectric, magnetostrictive, or othelished time scale.
voltage-sensitive material (Rochelle salt, quartz, barium titan- 5-1.5 Reference BarA bar of metal or other durable
ate, lead zirconate-titante (PZT), and so forth), housed fomaterial for wh|ch_ th_e transit time of compressional waves is
protection. A triggering pulse shall be produced to start th&known. The transit time shall be marked permanently on the

time measuring circuit. reference bar.
5.1.6 Connecting Cables-Where pulse-velocity measure-
Note 4—The pulse voltage affects the transducer power output and thenents on large structures require the use of long interconnect-
maximum penetration of the compressional waves. Voltage pulses of 509]g cable, the low-capacitance, shielded, coaxial type shall be
to 1000 V have been used successfully. used ! ! !

5.1.7 Coupling Agent-A viscous material (such as oil,

““In-Place Methods to Estimate Concrete Strength,” ACI 228.1R, Americanpetrpleum jeIIy, water soluble jeIIYv or grease) to ensure
Concrete Institute, PO Box 9094, Farmington Hills, MI. efficient transfer of energy between the concrete and the
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