QHW Designation: D 5882 — 00

Standard Test Method for

Low Strain Integrity Testing of Piles *

This standard is issued under the fixed designation D 5882; 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.

1. Scope IMPACT 7 <‘ TOE RESPONSE
1.1 This test methddcovers the procedure for determining
the integrity of individual vertical or inclined piles by measur- Q 4 8 12 m

ing and analyzing the velocity (required) and force (optional)
response of the pile induced by an (hand held hammer or othe \_’/
similar type) impact device applied axially to the pile normally —~—————i]
at the pile head. This test method is applicable to long
structural elements that function in a manner similar to
foundation piles, regardless of their method of installation
provided that they are receptive to low strain impact testing.
1.2 This standard may involve hazardous materials, opera- 8.0
tions, and equipment. This standard does not purport to _‘______/ TOE
address all of the safety concerns, if any, associated with itsTOP | 10.00 m
use. It is the responsibility of the user of this standard to 3800. m/s
establish appropriate safety and health practices and deter- FIG. 1 Typical Velocity Traces Generated by the Apparatus for
mine the applicability of regulatory limitations prior to use. Obtaining Dynamic Measurements
Fig. 1

=

physical dimensions, continuity of a pile, and consistency of
2. Referenced Documents the pile material.
2.1 ASTM Standards: 3.2.2 pile impedancen—the dynamic Young's modulus of
C 469 Test Method for Static Modulus of Elasticity and the pile material multiplied by the applicable cross sectional
Poisson’s Ratio of Concrete in Compression area of the pile and divided by the strain wave speed.
D 198 Methods of Static Tests of Timbers in Structural 3-2.3 pulse echo methodi—test in which measurements of
Sized the pile head velocity and force (force measurement optional)

D 653 Terminology Relating to Soil, Rock, and Contained@ré evaluated as a function of time. - _
Fluids 3.2.4 transient response method—test in which the ratio

D 1143 Method of Testing Piles Under Static Axial Com- Of velocity transform to force transform (force measurement
pressive Loadl required) are evaluated as a function of frequency.
D 4945 Test Method for High Strain Dynamic Testing of

Pile® 4. Significance and Use

4.1 Low strain integrity testing provides velocity and force
3. Terminology (optional) data on structural elements (that is, structural col-

3.1 Except as defined in 3.2, the terminology used in thi¢/mns, driven concrete piles, cast in place concrete piles,
test method conforms with Terminology D 653. concrete filled steel pipe piles, timber piles, etc.). This data
3.2 Definitions of Terms Specific to This Standard: assists evaluation of pile integrity and pile physical dimensions
3.2.1 pile integrity, n—the qualitative evaluation of the (thatis, cross-sectional area, length), continuity, and consis-
tency of the pile material. This test method will not give
information regarding the pile bearing capacity.
* This test method is under the jurisdiction of ASTM Committee D18 on Soiland ~ 4.1.1 Methods of Testing

Rock and is the direct responsibility of Subcommittee D18.11 on Deep Foundations. 4.1.1.1 Pulse Echo Method (PEM)The pile head motion
Current edition approved November 10, 2000. Published November 2000.

Originally published as D 5882-95. Last previous edition D 5882-95. is measured as a fUﬂCtI.OI’l Of_tlme' The time domain record is
2| ow-strain dynamic testing is a nondestructive method using lightweightthen evaluated for pile integrity.
equipment o assess only the integrity of the pile shaft. 4.1.1.2 Transient Response Method (TRMJhe pile head
, Annual Book of ASTM Standaydédl 04.02. motion and force (measured with an instrumented hammer) are
Annual Book of ASTM Standardgol 04.10. . .
5 Annual Book of ASTM Standardéol 04.08. measured as a function of time. The data are evaluated usually
6 Annual Book of ASTM Standagdéol 04.09. in the frequency domain.
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5. Apparatus bonding material (that is, wax, vaseline, etc.) so that it is
5.1 Apparatus for Applying Impact assured _that it cor.rc.aqtly measures the ax_ial pille motion (trgns-
5.1.1 Impact Force Applicatioa-The impact may be deliv- ducer axis of sensitivity aligned with the pile aX|s)..The motion

ered by any device (for example, a hand held hammer) that wif€nsor is placed generally near the center of the pile. Additional

produce an input force pulse of generally less than 1 méocations should be con5|de_re_d for piles with dlamete_rs greater
duration and should not cause any local pile damage due to tf8an 500 mm. The low strain impact should be applied to the
impact. A hammer with a very hard plastic tip can induce apile hegd W|th|n_a distance of 300 mm from the motion sensor.
short input force pulse without causing local pile damage. Théf the pile head is not accessible, as when already mtegral with
impact should be applied axially to the pile (normally on thethe structure, the sensor(s) may be attached to the side of the
pile head). pile shaft.

5.2 Apparatus for Obtaining Measurements 5.3 Signal Transmissiea-The signals from the sensors

5.2.1 Velocity MeasurementObtain velocity data with Shall be conveyed to the apparatus for recording, reducing, and

(one or more) accelerometers, provided the acceleration siglisplaying the data, see 5.4, by a low noise shielded cable or

nal(s) can be integrated to velocity in the apparatus fofdquivalent.

reducing data. The accelerometer(s) should be placed at (or5-4 Apparatus for Recording, Reducing and Displaying

near) the pile head and shall have their sensitive axis paralléata

with the pile axis. Accelerometers shall be linear to at least 50 5.4.1 General—The signals from the motion and force

g. Either A/C or D/C accelerometers can be used. If A/C(optional) sensors, see 5.2, shall be conveyed to an apparatus

devices are used, the time constant shall be greater than 0.5a recording, reducing, and displaying data as a function of

and the resonant frequency shall be at least 30 000 Hz. If D/@me. The apparatus shall include a graphic display of velocity
devices are used, they shall have frequency response up @md force (optional), and a data storage capability for retrieving

5000 Hz with less than —3 dB reduction of content. Alterna-records for further analysis. The apparatus should be capable of

tively, velocity or displacement transducers may be used t@veraging data of several blows to reinforce the repetitive

obtain velocity data, provided they are equivalent in perfor-information from soil and pile effects while reducing random
mance to the specified accelerometers. Calibrate the transduawise effects. The apparatus shall be able to apply increasing
to an accuracy of 5 % throughout the applicable measuremeimtensity amplification of the motion signal with time after the
range. If damage is suspected during use, recalibrate or replatspact to enhance the interpretation of the measured motions
the accelerometer. that are reduced by soil and pile material damping. The
5.2.2 Force Measurement (optionajThe impact device apparatus must have filtering capability with variable fre-
shall be capable of measuring the impact force as a function afuency limits for eliminating high frequency, or low frequency
time. The hammer may have a force load cell between the tigignal components, or both. The apparatus shall be capable of
and hammer body. Alternatively, the hammer may have atransferring all data to a permanent storage medium. The
accelerometer attached and the measured acceleration may agparatus shall allow for a permanent graphical output of the
converted to force using the hammer mass. The force calibraecords. A typical schematic arrangement for this apparatus is

tion shall be within 5 %. The hammer must be tuned such thaitlustrated in Fig. 2.

the fourrier transform of the measured force shall have a 5.4.2 Recording Apparatus-Analog signals from the mo-

smooth spectrum, without any local peaks. tion sensor must be directly digitized using an analog to digital
5.2.3 Placement of TransducetsThe motion sensor should convertor with at least 12 bit resolution such that signal

be placed at or near the pile head using a suitable, or temporagomponents having a low pass cut-off frequency of 15 000 Hz

Impact device

/

Accelerometer
\ .
- . Graphical output
/l A f 4 | device
V4 ; /

Apparatus for recording

displaying and reducing

data

Permanent data
Pile storage device

{ Field } { Office }

FIG. 2 Schematic Diagram of Apparatus for Integrity Testing
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(—3dB) are retained. When digitizing, the sample frequencyselected locations away from the edge of the pile head. For
therefore, shall be at least 30 000 Hz each for the motion senspiles with diameters larger than 500 mm, attach the acceler-
and the optional instrumented hammer, if used. The uniformityometer at a minimum of three locations so that an integrity
and accuracy of the digital sampling frequency is critical; theevaluation near the pile head may be made for each localized
clock jitter (sampling frequency accuracy) must be withinsection of pile. Position the apparatus for applying the impact
0.01 %. Analog data acquisition systems are specifically proforce so that the impact is applied axially with the pile and at
hibited. Attached to every digitized event should be identifyinga distance no larger than 300 mm from the accelerometer. Set
information names and descriptions, signal processing ernup the apparatus for recording, reducing, and displaying data so
hancement parameters, and date and time stamps. that it is operational and the force and velocity signals are
5.4.3 Apparatus for Reducing DataThe apparatus for zeroed.
reducing signals from the transducers shall be a digital com- 6.3 Field Notes—Include the following information in de-
puter or microprocessor capable of at least the followingailed records, as available, for each pile tested.
functions: 6.3.1 Pile identification, nominal and actual pile head diam-
5.4.3.1 Velocity Data—If accelerometers are used (seeeter and length;
5.2.2), the apparatus shall provide signal conditioning and 6.3.2 Date and method of concrete placement;
calibration and integrate acceleration to obtain velocity. The 6.3.3 As-built geometry that is, total concrete volume,
apparatus shall balance the velocity signal to zero betweenominal or actual diameter versus length, permanent or tem-
impact events. porary casing, steel reinforcement, etc.;
5.4.3.2 Force MeasurementsThe apparatus shall provide  6.3.4 Soil stratigraphy;
signal conditioning, amplification, and calibration for the force 6.3.5 Any specific observation related to each pi|e tested
measurements. The force output shall be balanced to zekfat affects the pile construction, excavation, integrity, etc.;

between impact events. 6.3.6 Location of transducers at pile head and correspond-
5.4.3.3 Signal Conditioning-The signal conditioning for ing measurements; and,

force and velocity shall have equal frequency response curves g 3.7 Date pile is tested.

to avoid relative phase shifts and amplitude differences. 6.4 Taking MeasurementsApply several impacts and
5.4.4 Display Apparatus-Ensure that the signals from the yecord each individual impact or the average, if required, or
transducers specified in 5.2.1 and 5.2.2 are displayed by meaggt. |f only the individual impacts are recorded, ensure that
of an apparatus, such as an LCD graphic display, such that thge apparatus for recording, reducing, and displaying data is
velocity and force (optional) can be observed as a function ofapaple of averaging up to 10 individual records. Record the
time for each hammer blow. This apparatus may receive thaumper of impacts for a specific averaged record. Take, record,
signals after they have been processed by the apparatus f@Rq display a series of velocity and force (optional) measure-
reducing the data. The apparatus shall display the digitized dajgents.
of the impact event or upon recall by the user of the digitally 6.5 Data Quality Checks-For confirmation of data quality,
stored event. Adj_ust the apparatus to reproduce a signal havinge operator shall monitor the velocity and force (optional)
a range of duration between 2 ms and 30 ms. Ensure that thg,, several impact events for consistency. Ensure that the
apparatus is F:a}pable ofdsplaymg the signal from each Se|eCt%Fbparatus for recording, reducing, and displaying data is
blow for a minimum period of 30 s. capable of determining the measurement device overload
threshold. Do not use the records of impacts that cause the
measurement device to overload. Consistent records are the
result of uniform impacts on sound concrete, transducer
ystems that are properly functioning, motion sensors that are
mly attached, and the apparatus for recording, reducing, and

6. Procedure

6.1 General—Record applicable project information into
the apparatus when appropriate (Section 7). Attach the appr
priate motion sensor (see 5.2) to the pile head, and record t

measurements frqm several impacts. Average th_e_ su_|tab splaying data properly functioning. If records are not repeat-
records of several impacts and apply necessary amplification tﬁble, do not use the data. If the cause of poor data is not a

the averaged record. The records from the individual impaCt?hotion sensor attachment problem but rather is found to be a

or the averaged record, or both, should then be stored (sq nsducer malfunction, repair or recalibrate it before further
5.4.2). The averaged, amplified record then can be evaluat e

for integrity.

6.2 P%egaration—[:or cast-in-place concrete piles or con- Note 1—It is generally recommended that all components of the
crete filled pipe piles, perform the integrity testing no sooner@pparatus for obtaining dynamic measurements and the apparatus for
than 7 days after casting or after concrete strength achieves §f0rding. reducing, and displaying data be calibrated if any signs of
least 75 % of its design strength, whichever occurs earliefySte™ maffunctions become apparent.
Ensure that the pile head surface is accessible, above water,6.6 Analysis of Measurements
and clean of loose concrete, soil or other foreign materials 6.6.1 With the Pulse Echo Method (PEM), measured pile
resulting from construction. If the pile head is contaminatedhead velocity is analyzed as a function of time. Often, this
remove a sufficient pile section to reach sound concrete. Imethod gives sufficient information for integrity evaluation.
necessary, prepare small areas by a hand grinder to provideAdternately, the pile head force can be measured as well. The
smooth surface for motion sensor attachment and impactombination of force and velocity may give additional infor-
Attach the motion sensor firmly with appropriate material atmation regarding the pile integrity near the pile head. The
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Transient Response Method (TRM) requires measurement of 3.00 Ms

both the pile head velocity and force. For both methods, data vel-Avg-amog

may be evaluated in both time domain and frequency domain. 4 8] {2 p6) pol 4} pa| B2| pE m
6.6.2 Obtain velocity and force (optional) from the readout

of the apparatus for reducing data (see 5.4.3) or from the /\ N \ RN

display apparatus (see 5.4.4). In the time domain analysis W W [ "v i

(PEM), base the pile integrity evaluation on relative increases

and decreases of velocity after the initial impact pulse (Fig. 3,

Fig. 4). The displayed data should include the velocity and DAMACE —

force (optional) records with time, an indication of the pile 60.0

length and assumed material wave speed and a representati . / TOE

of the shape and magnitude of the amplification function when = * 25.00 o

used. The motion during the impact event is normalized 4150. m/s

usually and is associated with the pile head. The amplification G- 4 Typical Velocity Record Indicating Major Changes in
is used generally to scale the pile toe response to a similar Impedance (Severe Damage or a Cracked Pile)
magnitude. Apparent reflections occurring prior to the toe
response that are of the same sign as the input are due toc@nsideration in making the final integrity evaluation. Integrity
relative decrease of impedance. Reflections of the oppositvaluation of a pile section below a crack that crosses the entire
sign are due to arelative increase of impedance_ Comparison Qfle cross-sectional area or a manufactured mechanical joint is
results from several piles from the site with similar construc-not normally possible since the impact wave likely will reflect
tion is recommended to assess the typical response with tH@mpletely at the discontinuity. Piles with highly variable cross
same amplification factor being applied to all piles of similarsections or multiple discontinuities may be difficult to evaluate.
lengths. Visual interpretation may be qualitative and possiblyn some cases, it may be difficult to distinguish the soil
relative to other tested piles and a matter of proper engineeringgsponse from the pile response. The method is generally not
judgment. suitable for testing steel sheet, H-section or unfilled pipe piles.
6.6.3 The recorded data may be subjected to further ana|ys|f3the reflection from the plle toe is not evident in the reCOI’dS,
in a computer to quantify better the extent of an apparenthe integrity evaluation may not be conclusive and may be
anomaly. The results of the analysis may include a quantitativémited to a certain unknown depth. This limitation may apply
assessment of pile integrity. Such further use and interpretatioi® 1ong or highly variable piles or piles in soils that exhibit
of the data is a matter of engineering judgment and experiencéelatively high friction. Piles that are rigidly connected to a
6.6.4 Engineers with specialized experience in this field aréooting or superstructure are sometimes tested successfully
to make final integrity evaluation. Use integrity evaluationalthough the evaluation often may be more difficult and may be
from low strain tests together with other information, including inconclusive. Some cases involving integral superstructures,
pile installation procedures and observations, soil informationfay require use of two motion measuring devices attached at
loading requirements, etc., to assess the pile’s acceptance. Thio different locations along the pile shaft.
low strain integrity evaluation should not be used as the sole 6.6.6 Integrity testing may not identify all imperfections,
factor in establishing pile acceptance or rejection. A continbut it can be a useful tool in identifying major defects within
gency plan should be formed that allows the engineer tdhe effective length. Also, the test may identify minor imped-
possibly perform further tests or dictate pile repair or replace@nce variations that may not affect the bearing capacity of the

ment prior to the integrity testing, in case a serious defect igile. For piles having minor impedance variations, the engineer
indicated. should use judgement as to the acceptability of these piles

6.6.5 Certain limitations are inherent in low-strain integrity considering other factors such as load redistribution to adjacent

testing. These limitations must be understood and taken intgiles, load transfer to the soil above the defect, applied safety
factors, and structural load requirements.

———— 3.00 Ms
Vel-Avg-Ampd 7. Report

y s =T WeT Bol Bal BeT BT Ba = 7.1 Backgrounq information and d_escriptions helpful to pile
evaluation may include the following when available, or
\ Py applicable, or both:
7.1.1 General
T T TT Y TRV T T 7.1.1.1 Project identification/location; and,
7.1.1.2 Log of nearby or typical test boring(s).
7.1.2 Pile Installation Equipment-Description of pile in-
stallation equipment used for either driving piles or drilling
§0.0 . . . . . . . .
/ piles, as appropriate if related to the integrity investigation,
TOP | L ZSTQOE n including size, type, operating performance levels or pressures,
4150, m/s pump sizes, and any special installation equipment and their
FIG. 3 Typical Velocity Record Indicating Pile of Generally description such as for predrilling or jetting.
Uniform Nature (Gradual Impedance Changes or Soil Friction) 7.1.3 Test Piles
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7.1.3.1 Identification (name and designation) of test pile(s)playing data, and of test procedure including description and
7.1.3.2 Type and dimensions of pile(s) including nominal orlocation of the motion sensor attachment;

actual length and diameter, or both; 7.1.5.2 Date tested;
7.1.3.3 Date test piles made, cast, or installed or concrete 7.1.5.3 Test pile identification;
cylinder strength, or both; 7.1.5.4 Graphical presentation of motion and force (op-

7.1.3.4 Description of internal and external reinforcementjonal) measurements in the time domain which shall include
used in test pile (size, length, number and arrangement qfata enhancements used in the evaluation; frequency domain

longitudinal bars; casing or shell size and length); presentation is optional for PEM evaluation but required for
7.1.3.5 Description and location, where applicable, ofTRM evaluation;

splices; and, _ o _ 7.1.5.5 The wave speed of test pile, and how determined or
7.1.3.6 Observations of piles including spalled areasestimated:

cracks, and head surface condition. 7.1.5.6 Length of pile, as driven or cast, embedded, or
7.1.4 Pile Installation _ below apparatus for obtaining dynamic measurements,
7.1.4.1 Date of installation; 7.1.5.7 Method(s) used to evaluate data; and,

7.1.4.2 For drilled shafts, include the size of the auger,
volume of concrete or grout placed in pile (volume versu
depth, if available), grout pressure used, and a description
special installation procedures used, such as pile casing inst
lation or extraction, or both;

7.1.4.3 For driven piles (when the driving process is theg precision and Blas
suspect cause of damage), include hammer cushion and pile

cushion information; include driving records, including blow 8.1 Precisi_on—The precision of the procedure in this test
count and hammer stroke or operating level for final unitmethod for direct measurements of motion and force (optional)

penetration: is difficult to determine because of the variability of the pile
714.4 éause and duration of interruptions in pile installa.characteristics and the materials in which the pile is located.
tion, if applicable and related to the investigation; and, 8.2 Bias—No justifiable statement of bias can be made on
7.1.4.5 Notation of any unusual occurrences during instalthe procedure in this test method because there are no standard
lation or excavation, or both, that may relate to the integrityvalues to which the measured values can be referenced.
investigation.
7.1.5 Integrity Testing 9. Keywords
7.1.5.1 Description of the apparatus for obtaining dynamic 9.1 bearing capacity; dynamic; force; impact; integrity;
measurements and apparatus for recording, reducing and disw-strain; nondestructive; piles; velocity

7.1.5.8 Comments on the integrity of the pile, including
hen appropriate how the soil stratigraphy or installation
ethods, or both, have influenced the constructed shape as
etermined by the measurements.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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