NOTICE: This standard has either been superseded and replaced by a new version or withdrawn.
Contact ASTM International (www.astm.org) for the latest information

[‘IM’) Designation: C 1383 — 98a

ull

INTERNATIONAL

Standard Test Method for
Measuring the P-Wave Speed and the Thickness of
Concrete Plates Using the Impact-Echo Method !

This standard is issued under the fixed designation C 1383; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3. Terminology

1.1 This test method covers procedures for determining the 3.1 Definitions:
thickness of concrete slabs, pavements, bridge decks, walls, or3.1.1 acoustic impedaneethe product of P-wave speed

other plate-like structure using the impact-echo method. and density that is used in computations of characteristics of
1.2 The following two procedures are covered in this teststress wave reflection at boundaries.
method: 3.1.2 amplitude spectrum-a plot of relative amplitude

1.2.1 Procedure A: P-Wave Speed Measuremenhis pro-  versus frequency that is obtained from the waveform using a
cedure measures the time it takes for the P-wave generated Bpurier transform technique.
a short-duration, point impact to travel between two transduc- 3.1.3 Fourier transform—a numerical technique used to
ers positioned a known distance apart along the surface of @nvert digital waveforms from the time domain to the
structure. The P-wave speed is calculated by dividing thdérequency domain.
distance between the two transducers by the travel time. 3.1.3.1 Discussior—The peaks in the amplitude spectrum
1.2.2 Procedure B: Impact-Echo TestThis procedure mea- correspond to the dominant frequencies in the waveform.
sures the frequency with which the P-wave generated by a 3.1.4 impact-echo metheda send-receive nondestructive
short-duration, point impact is reflected between the parallelest method based on the use of a short-duration mechanical
(opposite) surfaces of a plate. The thickness is calculated froiimpact to generate transient stress waves and the use of a
this measured frequency and the P-wave speed obtained frobnoadband receiving transducer placed adjacent to the impact
Procedure A. point.
1.2.3 Both Procedure A and Procedure B must be performed 3.1.4.1 Discussior—Waveforms are converted to the fre-
at each point where a thickness determination is made. guency domain and the resulting amplitude spectra are ana-
1.3 The values stated in Sl units are to be regarded as tHgzed to obtain the dominant frequencies in the structure’s
standard. response to the impact. These frequencies are used to deter-
1.4 This standard does not purport to address all of themine the thickness of the structure or the presence of flaws.
safety concerns, if any, associated with its use. It is the 3.1.5impact duration—the time that the impactor used to
responsibility of the user of this standard to establish appro-generate stress waves is in contact with the test surface. Also
priate safety and health practices and determine the applicareferred to as contact time.
bility of regulatory limitations prior to use. 3.1.5.1 Discussior—The impact duration is a critical aspect
1.5 The text of this standard references notes and footnotes the success of the two procedures covered by this method.
which provide explanatory material. These notes and footnoteRecommended impact durations are given. In practice, the
(excluding those in tables and figures) shall not be considereidhpact duration will depend on the type of impactor and the

as requirements of the standard. condition of the concrete at the point of impact. Smooth, hard
surfaces will result in shorter impact durations than rough, soft

2. Referenced Documents surfaces. The user should verify that the impact durations are
2.1 ASTM Standards: within the recommended ranges. An approximate measure of

C 597 Test Method for Pulse Velocity Through Concfete the impact duration can be obtained from the portion of the
E 1316 Terminology for Nondestructive Examinatidns waveform corresponding to the surface wave arrivalg. 1
shows an example of the surface-wave portion of a waveform
- and the approximate contact time is indicated.
1 This test method is under the jurisdiction of ASTM Committee C-9 on Concrete 3.1.6 P-wave—the dilatational (Iongitudinal or primary)
and Concrete Aggregates and is the direct responsibility of Subcommittee C09.64, ~ "~ hich icle displ llel h
on Nondestructive and In-Place Testing. stress wave which causes particle displacement parallel to the
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1.5 apparent P-wave speed that is related to the plate thickness
i f\ through the following equation:
1 i T= Cp,z;%late (2)
At=54us / \
o051 < > where: _
a L T = the thickness of the plate, and
E L / \ f = the frequency of the P-wave thickness mode of the
0 o | . plate obtained from the amplitude spectrum.
i \ 3.2.2 plate—any prismatic structure where the lateral di-
f & / mensions are at least six times the thickness.
0.5 3.2.2.1 Discussior—Minimum lateral dimensions are nec-
- essary to prevent plate modesf vibration from interfering
i with the identification of the thickness mode frequency in the
'1150 """ - '200‘ R '250' R ‘300 amplitude spectrum. The minimum lateral dimensions and
acceptable sampling period are related, as explained in Note 9.
Time, us
FIG. 1 Expanded View of Surface-Wave Portion of Waveform 4. Significance and Use
Showing the Width of the Surface Wave Signal as an . . .
Approximation of the Contact Time of the |mpact 41 ThIS test methOd ma.y be Used as a SUbStItute fOl’, orin

conjunction with, coring to determine the thickness of slabs,
N . . avements, decks, walls, or other plate structures. There is a
direction of wave propagation. This wave produces NOMMAtertain level of systematic error in the calculated thickness due
stresses (tensile or compressive) as it propagates. ) y -
. . to the discrete nature of the digital records that are used. The
3.1.7 P-wave speedthe speed with which the P-wave : .
R . absolute systematic error depends on the plate thickness, the
propagates through a semi-infinite solid. L . .
i > . sampling interval, and the sampling period.
3.1.7.1 Discussior—The P-wave speed is the same as the . .
4.2 Because the wave speed can vary from point-to-point in

compressional pulse velocity measured according to TesF1 q dif ; batch
Method C 597. the structure due to differences in concrete age or batch-to-

3.1.8 sampling perioé—the duration of the waveform which batch variability, the wave speed is measured (Procedure A) at

equals the number of points in the waveform multiplied by theeach point where a thickness determination (Procedure B) is

sampling interval. required.

3.1.9 sampling interval—the time difference between any 4.3 The maximum and minimum thickness that can be
two adjacent points in the waveform. measured is limited by the details of the testing apparatus

3.1.10 surface wave-a stress wave in which the particle (transducer response characteristics and the specific impactor).
motion is elliptical and the amplitude of particle motion The limits shall be specified by manufacturer of the apparatus,

decreases rapidly with depth. Also knownRayleigh wavéor and the apparatus shall not be used beyond these limits. If test
R-wave. equipment is assembled by the user, thickness limitations shall

3.1.11 waveform—a recorded signal from a transducer thatP€ established and documented.
is a plot of voltage versus time. 4.4 This test method is not applicable to plate structures
3.1.12 Refer to Terminology E 1316 for additional defini- with overlays, such as a concrete bridge deck Wlth' an asphalt
tions, related to nondestructive ultrasonic examination, that ar@’ Portland cement concrete overlay. The method is based on

applicable to this test method. the assumption th_at the concrete plate has the same P-wave
3.2 Definitions of Terms Specific to This Standard: speed throughout its depth.
3.2.1 apparent P-wave speed in a platt—a parameter that 4.5 Procedure A is performed on concrete that is dry as a
is 0.96 of the P-wave speed: high surface moisture content may affect the results.
Cp e = 0.96C, ) 4.6 Procedure B is applicable to a concrete plate resting on
a subgrade of soil, gravel, permeable asphalt concrete, or lean
where: portland cement concrete provided there is sufficient difference
Co. plate = the apparent P-wave speed in a plate, and  in acoustic impedanéebetween the concrete and subgrade or
Co = the P-wave speed in concrete that is obtainedthere are enough air voids at the interface to produce measur-
from Procedure A. able reflections. If these conditions are not satisfied, the

3.2.1.1 Discussionr—This parameter is used in thickness waveform will be of low amplitude and the spectrum will not
calculations in impact-echo measurements on plates. Thclude a dominant peak at the frequency corresponding to the
P-wave speed in a material (concrete) is converted to thehickness (Eq 2). If the interface between the concrete and
subgrade is rough, the amplitude spectrum will have a rounded

peak instead of a sharp peak associated with a flat surface.

> Sansalone, M., Lin, J. M., and Streett, W. B., “A Procedure for Determining 4.7 Th : ;
) i ) i . r r ri re not influen raff
P-wave Speed in Concrete for Use in Impact-Echo Testing Using P-wave Speed ep ocedures described are not uenced by trafic

Measurement Technique&Cl Journal Vol. 94, No. 6, November-December 1997, noise or low frec]uency structural vibrations set up by normal
pp. 531-539. movement of traffic across a structure.
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4.8 The procedures are not applicable in the presence dips shall be placed about 300 mm apart. Measure and record to
mechanical noise created by equipment impacting (jack hanthe nearest 1 mm the actual distance between the centers of the
mers, sounding with a hammer, mechanical sweepers, and th@ansducer tips.

like) on the structure. . : .
4)9 Procedure A is not applicable in the presence of hi Note 3—The accuracy of the measurement is affected if the distance
' u : PPl I P Igrﬂ)etween the tips of the two transducers is not known accurately. The

amplitude electrical noise, such as may produced by a genergerials and design of the spacer device should be chosen to minimize
tor or some other source, that is transmitted to the datahe change in separation of the transducers due to changes in temperature.

acquisition system. 6.4 Data-Acquisition SystemHardware and software for

PROCEDURE A—P-WAVE SPEED MEASUREMENT acquiring, recording, and processing the output of the two
transducers. This system can be a portable computer with a
5. Summary of Procedure two-channel data-acquisition card, or it can be a portable
5.1 An impact on the concrete surface is used to generafavo-channel waveform analyzer.
transient stress waves. These waves propagate along the6.4.1 The sampling rate for each channel shall be 500 kHz
surface of the concrete past two transducers, placed on a lireg higher (sampling interval of 2 ps or less). The system shall
through the impact point and at a known distance apatrt. be capable of triggering on the signal from one of the recording
5.2 The time difference between the arrival of the P-wavechannels.
(stress wave with highest speed) at each transducer is used t06.4.2 The voltage range and voltage resolution of the data
determine the P-wave speed by dividing the time differencequisition system shall be matched with the sensitivity of the
(travel time) by the known distance between the transducerstransducers so that the arrival of the P-wave is determined
accurately.

6. Apparatus ©
. . . Note 4—For example, a computer data acquisition card with a voltage
6.1 Impactor—The impactor shall be spherical or spheri- range of= 2.5 V and 12-bit resolution has been found to be suitable for

cally tipped. It shall produce an impact duration of 8QL0 US  the transducer described in Note 2.

with sufficient energy to produce surface displacements due to , i i i

the P-wave that can be recorded by the two transducers (see®-4-3 The display system shall include cursors, including a
Note 1). The impactor shall be positioned to strike on thecorresponding readout of time and voltage, that can be posi-
centerline passing through the two transducers at a distance ggned at the point in each waveform corresponding to the

150 + 10 mm from the first transducer. P-wave arrival. 29
6.4.4 The data-acquisition system shall be operated by a

Note 1—Hardened steel balls ranging from 5 to 8 mm in diameter andyq\yer source that does not produce electrical noise detectable
attached to steel spring rods have been found to produce suitable |mpacg<y the transducers and data acquisition system when the system
6.2 Transducers- Two broadband, piezoelectric transduc- js set at the voltage sensitivity required to detect the arrivals of

ers that respond to normal surface displacements. Thesge P-wave.

transducers must be capable of detecting the small displace- L

ments that correspond to the arrival of the impact-generated Note 5—Battery-powered data acquisition systems have been found
P-wave traveling along the surface. A small contact aregu'table'
between the piezoelectric element and the concrete surface is6.5 Cables and ConnectorsTo connect the transducers to
required to record accurately the arrival of the P-wave (se¢he data acquisition system. Connectors shall be high quality
Note 2). Use a suitable material to couple the transducer to thend tightly connected to the cables. The cables shall be

concrete. shielded to reduce electrical noise.

Note 2—A commercially available displacement transducer made from 6.6 Functionality Check ApparatusApparatL_Js _to verify
a conical piezoelectric element with a tip diameter of 1.5 mm and the"'h‘fit all components Of_ test SYStem a_re functioning properly
larger end attached to a brass backing block has been found sditable. Prior to the start of testing. This may include a reference test
lead sheet approximately 0.25 mm thick is a suitable coupling material fospecimen whose impact response has been determined and can
such a transducer. be compared with the output of the test system.

6.2.1 Acceptable transducers shall be previously docu-
mented to produce accurate results for plate thicknesses simildr Preparation of Test Surface
to those being measured by this test method. 7.1 The test surface shall be dry. Remove dirt and debris
6.3 Spacer Device- A spacer device shall be provided to from the surface where the P-wave speed is to determined.
hold the transducers a fixed distance apart. It shall not interfere 7 2 |f the test surface is extremely rough so that it is difficult
with the ability of the transducers to measure surface displacqy achieve good contact between the transducer tips and the
ment. It shall be manufactured to minimize the possibility ofconcrete, grind the surface so that good contact is achieved.

P-wave transmission through it so as to prevent interferencRemove loose material prior to coupling the transducers to the
with measurement of the P-wave travel time. The transducefrface.

Note 6—Surface roughness may be a problem when testing highway

¢ Suitable apparatus is available commercially. pavements with roughly textured or grooved surfaces. On new construc-
7 Proctor, T.M., Jr., “Some Details on the NBS Conical Transducar,bf tion, curing compounds may have to be removed at test locations to permit
Acoustic Emissionvol 1, No. 3, pp. 173-178. proper coupling of the transducers and to obtain short duration impacts.
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8. Procedure 0.15 F }

8.1 Fig. 2 shows a schematic of the test set-up for Procedure o1k
A. : (
8.2 Assemble the apparatus (transducers, spacer device, 0.05-f
impactor). Verify that the test system is functioning properly. ’
Position the apparatus on the concrete surface, and position the = A= 768
impactor to strike on the line passing through the two trans- 0.05+ < :
ducers and at a distance of 150 10 mm from the first 1=t t=156 s
(triggering) transducer. If testing on a grooved surface, test -0.1 4 ‘ )/ /\
parallel to the grooves, so that the line through the transducers . 8t =2 ps, L= 300 mm /
and the impactor does not cross a groove. If cracks are present, 0,15 i
position the apparatus so that no cracks intersect the line 60 80 100 120140 160 180 200
passing through the impact point and the two transducers. Time, ps
8.3 Ready the data-acquisition system with correct dataF!G- 3 Example of waveforms obtained using Procedure A (Only
acquisition parameters (sampling rate, voltage range, triggering Early Part of Waveforms are Plotted)
level, delay, and so forth). To ensure that initial portions of the
waveforms are captured, set the data acquisition parameters g@ time differenceA t, between the arrival of the P-wave in
that about 100 data points are recorded prior to the triggegach waveform. This time difference is the travel time.
point. 9.3 Use the measured travel time,t, and known spacing
8.4 Perform the impact. Examine the acquired waveformspetween the transducels, to calculate the P-wave speed:
If the waveforms from both transducers are valid, store the data L
for subsequent analysis. If the P-wave arrivals cannot be Cp =%t (3)
identified with certainty, repeat the test at the same position or

move to a different position to achieve good coupling betweer%hg'4 Perforrg t\t/vo relpltl_cates_ oft:]he test at _eacbh ifft Iocatlorsh I
the transducers and concrete. e measured travel time is the same in both cases, then

proceed to other test points. If the two travel times differ by one
Note 7—Fig. 3 is an example to illustrate a valid set of waveforms with sampling interval or more, perform a third test and accept that
the arrows positioned at the points corresponding to the P-wave arrivals iffgyel| time that repeats as the correct value. If two of the three

each_ waveform. In thls_ casz_e_the arrivals c_)f the P-wave at the tranSduc%easurementS do not agree, ensure that the transducers are
locations are clearly identified by the rise of the waveforms above

background levels. The calculated P-wave speed is 0.3/(0.000076) = 395§Haking good contact with the surface, and rgpeat the te;t.
m/s, which is a reasonable value. 9.5 Calculate the apparent P-wave speed in a plate using Eq

1.

Transducer 1
Transducer 2 |-

Volts

9. Data Analysis and Calculations

9.1 Display on the screen of the data acquisition system the PROCEDURE B—IMPACT-ECHO TEST
waveforms from the two transducers so that they are plotte
against the same time axis. 'dLO' Summary of Test Method
9.2 |dent|fy the arrival time of the direct P-wave in each 10.1 ImpaCt on the surface of the concrete generates stress
waveform. The arrival of the P-wave is identified as the firstvaves, of which the P-wave is of primary importance. The
point where the voltage changes from the base line value (sé&Wave propagates into the plate and is reflected from the
Fig. 3). Use the cursors to display the voltage and time reading@Pposite surface.

at the points corresponding to the P-wave arrivals. Determine 10.2 Multiple reflections of the P-wave between the plate
surfaces give rise to a transient thickness resonance with a

frequency related to the plate thickness.

10.3 Areceiving transducer, located adjacent to the impact
point, records the surface displacement caused by the arrival of
the reflected waves. The output of the transducer is captured as
a time domain waveform.

10.4 The recorded waveform is transformed into the fre-
quency domain using a Fourier transform technique and an
amplitude spectrum is obtained. The thickness resonance
produces one dominant peak in the spectrum, which can be
readily identified. The frequency value of this peak is used in

Data Acquisition
and Analysis
Svstem

--—Spacer device

F

Impact -~ Transducer 1 Transducer 2 ‘ - . - :
! conjunction with the apparent P-wave speed obtained from
S <\ Procedure A to calculate the thickness of the plate by using Eq
[ 2.
M 11. Apparatus
"Measure to nearest 1 mm the actual distance between centers of transducers 11.1 Impactor—The impactor shall be spherical or spheri-
FIG. 2 Schematic of Testing Configuration for Procedure A cally tipped. It shall deliver sufficient energy to a solid plate so


https://standards.iteh.ai/catalog/standards/sist/dd5424a6-d6d7-4d8a-9ad7-52ea7ac4c805/astm-c1383-98a

