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Standard Test Method for
Measuring Stiffness and Apparent Modulus of Soil and Soil-
Aggregate In-Place by an Electro-Mechanical Method *

This standard is issued under the fixed designation D 6758; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope tained in this test method; the precision of this test method is dependent

on the competence of the personnel performing it, and the suitability of the

1.1 This method covers the measurement by electroéquipment and facilities used. Agencies that meet the criteria of Practice

mechanical r_neans of the in-place SFiﬁneSS of S?” or SOiI‘D 3740 are generally considered capable of competent and objective
aggregate mixtures so as to determine a Young's modulu@sting. Users of this test method are cautioned that compliance with
based on certain assumptions. The apparatus and procedurrctice D 3740 does not in itself assure reliable testing. Reliable testing
provide a fairly rapid means of testing so as to minimizedepends on many factors; Practice D 3740 provides a means of evaluating
interference and delay of construction. The test procedure gme of those factors.
mtend_ed for evaluating the stiffness or mpdglus of ma;enalsz_ Referenced Documents
used in earthworks and roadworks. Rapid in-place stiffness

2.1 ASTM Standards:

testing supports U.S. federal and state efforts to specify the
g supp pecify D 653 Terminology Relating to Soil, Rock and Contaified

in-place performance of construction materials based on modu- ,
lus. Results obtained from this method are applicable to the D_69_8 Test I\_/Iethpd for Laboratory Compaction Character-
istics of Soil Using Standard Effdrt

evaluation of granular cohesionless materials. They are also )
applicable to the evaluation of silty and clayey materials with D 1957 Test Method for Laboratory Compaction Character-
istics of Soil Using Modified Effort

more than 20 % fines that are not subject to a change in L

moisture content. If the silty and clayey material experiences a D 2216 Test Method for Laboratory Determlréatlon of Water

change in moisture content, then moisture content shall be _(Moisture) Content of Soil and Rock by Mass _
D 3740 Practice for Minimum Requirements for Agencies

taken into account if the results of this method are to be i X ) )
applicable. The stiffness measured with this method is influ- Engaged in the Testing and/or Inspection of Soil and Rock
as Used in Engineering Design and Constru&ion

enced by boundary conditions, specifically the support offered
by underlying layers as well as the thickness and modulus of Terminology
the layer being tested. Since this method approximates the3 1 Definitions:

layer(s) being evaluated as a half-space, then the modulus L . .
m)éas(uied i g']o\lso approximate P 3.1.1 For common definitions of terms in this standard, refer
’ to Terminology D 653.

1.2 The stiffness, in force per unit displacement, is deter- ; ,
P b 3.1.2 stiffness n—the ratio of change of force to the

mined by imparting a small measured force to the surface of . . . . .
the ground, measuring the resulting surface velocity andorresponding change in translational deflection of an elastic
' lement. D 653

calculating the stiffness. This is done over a frequency rang& . . :
g a y 9 3.1.3 Young’'s modulugt+—the ratio of the increase in stress

and the results are averaged. ' S ) ;
H @ test specimen to the resulting increase in strain under

1.3 The values stated in Sl units are to be regarded as t - i . .
standard. The inch-pound units equivalents may be approxﬁonStant traverse stress limited to materials having a linear
' stress-strain relationship over a range of loading. Also called

mate. :
1.4 This standard does not purport to address all of the®!astic modulus. D 653

safety concerns, if any, associated with its use. It is the h3'1'4 Poisson’sd_ratlio n—thedratio hbet\(/jv_een_ Iineafr stra_in

responsibility of the user of this standard to establish appro_ﬁnﬁe{]x%zlssteggze:halﬂé:r to and in the direction OD gsglven
riate safety and health practices and determine the applica* o ) - .

b y b PP 3.2 Definitions of Terms Specific to This Standard:

bility of regulatory limitations prior to use. .
y g y P 3.2.1 shear modulus, (Gn—as equation:

Note 1—Notwithstanding the statements on precision and bias con- E

C=21+) @
1 This test method is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.08 on Special and
Construction Control Tests. —
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where: 4.3 This method is suitable for mitigating the risk of

G = shear modulus, MPa (kpsi), pavement failure. By assuring the relative uniformity of

E = Young’s modulus, MPa (kpsi), and highway subbase, subgrade and base stiffnesses, stresses on the

v = Poisson’s ratio. pavement is more uniformly distributed. In this way the life of
3.2.2 foot, n—that part of the apparatus which contacts thea pavement is extended and repairs minimized.

ground and imparts force to it. 4.4 This method is suitable for determining when the
3.2.3 footprint, n—the annular ring imprint left on the surface of a soil or soil-aggregate structure is capable of

ground by the foot of the apparatus. supporting design loads. This is useful for stabilized fills where

3.2.4 non-destructiveadj—a condition that does not impair the material hardens (stiffens) over time without measurable
future usefulness and serviceability of a layer of soil orchanges in density or moisture content.
soil-aggregate mixture in order to measure, evaluate or assess4.5 This test method is suitable for the in-place determina-
its physical properties. tion of a Young's and a shear modulus of soil and soil-
3.2.5 seating the fogtv—the process of placing the appa- aggregate mixtureq3,4). Stiffness, as measured by this
ratus on the ground such that the desired footprint is achievednethod, is related to modulub) from an assumption of
3.2.6 site, n—the general area where measurements are tBoisson’s ratio and from the radius of the foot of the apparatus

be made. as follows:
3.2.7 test location n—a specific location on the ground 17RE 35RG
where a measurement is made. Kgr QTR Sl (2

4. Significance and Use }
where:

4.1 The apparatus and procedure described provides g = stiffness of the ground layer being measured, MN/m
means for measurement of the stiffness of a layer of soil or (klbffin.),

soil-aggregate mixture from which a Young’s modulus may be R outside radius of the apparatus’ foot, m (in.),
determined for an assumed Poisson’s ratio. Low strain cyclicy Poisson’s ratio,

loading is applied by the apparatus about a static load that i€ Young’'s modulus, MPa (kpsi), and
consistent with highway applicatiors). G Shear modulus, MPa (kpsi).

4.2 This method is useful as a non-destructive method for 4.5.1 The stiffness and modulus of silty and clayey materials
monitoring or controlling compaction so as to avoid under-will change with moisture content and can possibly result in
compaction, over-compaction or wasted effort. Through arhydro-compaction collapse, loss of bearing capacity or loss of
understanding of how stiffness relates to density for a particulaeffective shear strength. In addition, for silty and clayey
material, moisture content and compaction procedure, theaterials with significant fines content, higher stiffness does
stiffness achieved can be related to % compaction in conne@ot necessarily assure adequate compagsn
tion with density based compaction control or specifications,
for example, to meet the requirements of Method D 698 using- APparatus
standard effort or Method D 1557 using modified effort. 5.1 Stiffness Gauge-An electro-mechanical instrument,

4.2.1 This method applies to silty and clayey materialssuch as that illustrated in Fig. 1, capable of being seated on the
containing significant fines. In such cases, the compactiveurface of the material under test and which provides a
effort and moisture content form a more critical relationshipmeaningful and measurable stress level and a means of
regarding the quality of compaction from stiffness and there-determining force and displacement.
fore moisture content should be measured, for example, 5.2 Moist Sand—A supply of clean, fine sand passing a No.
Method D 2216, at the time of the stiffness measurements. 30 (600-um) sieve, that is sufficiently moist to clump in the

4.2.2 This method is useful in the construction of road basepalm of the hand. This is used to assist the seating of the rigid
or earthworks, including the installation of buried pi(®. foot on hard and rough ground surfaces or at anytime when

4.2.3 The rapid, non-penetrating nature of this method isdditional assistance in seating is required.
suited to production testing, for example, it provides a means 5.3 Principle of Operatior—The force applied by the
of testing that does not necessarily interfere with or delayshaker and transferred to the ground, as illustrated in Fig. 1, is
construction. measured and calculated by differential displacement across
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the internal flexible plate as follows: being measured or otherwise change its material properties.
Periodic, repeated measurements (at least 10) at selected

— 2
Far = Kied X =) + 07Xy @) ocations where individual results are about equally distributed
where: about the mean of all results will indicate that the measurement
Fq = force applied by the shaker, N (Ibf), has not densified the material.
Kiex = stiffness of the flexible plate, MN/m (klIbf/in), 5.3.7 The apparatus should be of sufficient accuracy to
X, = displacement at the flexible plate, m (in.), achieve the required precision and bias.
X1 = displacement at the rigid foot, m (in.),
® = 2xf, wheref is frequency, Hz, and 6. Calibration
My = mass of the internal components attached to the g 1 Fojlow the recommendations of the apparatus manufac-
rigid foot and the foot itself, kg (Ib). turer. Calibration via the force-to-displacement produced by
~ Atthe frequencies of operation, the ground-inputimpedancenoving a mass is suggested, as it will provide an absolute
is dominantly stiffness controlled. reference for stiffness measurements. This may be done by
Far rigidly attaching a mass of known value to the foot of the
Kor = X, “) apparatus and attaching the mass to isolation mounts with a
) high frequency cut-off of approximately 5 Hz. A measurement
\}/<vhere_. stifiness of the around laver being measured. M/m ©F Stffness in this configuration should agree with the follow-
r (klbf/in) 9 y 9 ' ing equation within=1 %.
By substituting Eq 3 forF, in Eq 4, averaging over the K., = 30 M(w)? ®)

operating frequencies and substituting velodityfor displace- n

ment, X, since the units cancel each other, the ground stiffness,pare-

is calculated as follows: Kos = effective stiffness offered by the moving mass,
A Xo=Xq Vo=V, MN/m (kIbf/in.),
_ 1( X > Sio? El( Vi ) Siw? M = value of the moving mass, kg (Ib),
Ky =K K .
o = Bex™ n M= Bre™ n M o = 2xf, wheref is frequency, Hz, and
(5) n = the number of frequencies used in the apparatus.
where: 6.2 Calibration of the apparatus is suggested every 12

_ months.
_ ; ; 6.3 When any stiffness measurement is in doubt, a field
Vo - velocity at the flexible plate, m/s (ft/s), and check of the calibration may be needed. A check via the

V, velocity at the rigid foot, m/s (ft/s). ¢ to-displ ‘ duced b : K )
This approach avoids the need for a non-moving reference co-to-displacement produced by moving a Known mass 15
L{ggested, as it will provide an approximate reference for

for ground displacement and permits the accurate measuremt.eiqlﬁness measurements (see 6.1). Note that field conditions

of small displacements. It also assumes the following condi: . L
tions. may not allow the precision of a laboratory calibration and so

531 A significant b ¢ di ¢ tf an appropriate tolerance should be assigned to the check (for
e signiicant number of ciscrete measuremen reéxample,iS % relative to the value of stiffness expected).
quencies (for example=20) should be above the typical

operating frequencies of construction equipment and below the, procedure
frequencies where ground impedance is no longer stiffness

controlied (for examplg, 10f0 to 20?] Hz). | ) 7.1.1 Before seating the foot, lightly brush any loose mate-
5.3.2 So as to not interfere with or delay construction, 5 away from the test location. The surface need not be
sufficiently short period of time should be required for a single|o\eled if the gauge can stand on its own. If leveling is

measurement, for example, <2 min. ~required, scraping the surface with a square point shovel is
5.3.3 The depth of measurement is on the order of twice thg fficient.
foot outside diameter. The depth of measurement may be 7.1 > To provide for consistent stress on the ground for each
confirmed by measuring the stiffness of a layer of material inpeasurement, at least 60 % of the foot's annular ring surface
a confined bin per this method and comparing it to the stiffnesg, st seat or contact the ground. The amount of surface contact
of the layer as calculated from the measured void ratio, thes yisibly estimated from the footprint left by the foot when the
estimated mean effective stress under the apparatus’ foot aRghnaratus is lifted off the ground after the measurement is
the estimated Poisson’s raf{@). taken.
5.3.4 The apparatus should be used in a manner such that7 1.3 If the footprint cannot be readily seen, assist the
construction site noise and vibration do not interfere with theseating of the foot as described in 7.1.4.
test. The apparatus should be immune to construction noise and7.1 .4 If the requirement of 7.1.2 cannot be met because of a
vibration as much as is practical. . _ rough or irregular ground surface or if the surface is hard and
5.3.5 There should be an apparatus weight sufficient t@mooth, apply a thin layer of clean, moist sand about 3.0 to 6.0
produce a meaningful stress on the ground, for example, 204am (¥ to ¥4 in.) thick, on the test location. Pat down firmly.
to 27.6 kPa (3 to 5 psi). Seat the foot on top of the sand.
5.3.6 The measurement should not densify the material 7.1.5 Practice in seating the foot is suggested as described

n number of test frequencies used in the apparatus,

7.1 Guidelines for Seating the Faot
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above at each site prior to any actual measurements or each8.1.4 The make(s), model(s) and serial number(s) of the test
time ground surface conditions change. In addition, follow theequipment used.

manufacturer's recommendations as appropriate. 8.1.5 The name(s) of the operator(s).
7.2 Stiffness Measurement 8.1.6 Identification of the project, the site, test locations and
7.2.1 Assure that the foot is clean and free of soil and othedepth of measure.
debris. 9. Precision and Bias
7.2.2 Turn on the apparatus. .
7.2.3 Seat the foot per the directions of 7.1. 9.1 Precision

7.2.4 Assure that the external case of the apparatus does not?-1-1 Data is continuing to be collected for the determina-
come into contact with a trench wall, pipe or any other object!i0n of this method's precision. The Subcommittee D18.08 is
7.2.5 Initiate the measurement. The apparatus should dwelf€king any data from the users of this test method that might
at each frequency. The shaker will impart a force to the foot of® US€d to make a limited statement on precision. _
the apparatus (see Fig. 1). The stifiness is calculated at eachg'l'_z _In this standard, precision is defined as the coefficient
frequency by measuring and comparing the velocities from th@Qf variation of a set of repeated measurements as follows:
two sensors (see 5.3). When the stiffness is calculated at all p=2.100 @
frequencies, the average stiffness over frequency is calculated S
and displayed in MN/m or kibf/in. Using the radius of the foot
and a user selected value of Poisson’s ratio, a Young's modulugvhere:

may be calculated and displayed (see 4.5). P = instrument precision in %,

. i ) . 3 the average stiffness of measurements made at one test
Note 2—Section 4.5 with its accompanying equation by Poulos and location, MN/m (kIbf/in), and

Davis (3) provides a means to determine a modulus using a force applled(r = one standard deviation of the stiffness.

t lar ring. . L .
¢ an anntiarfing ) 9.1.3 Typically, the precision of a stiffness measurement per
_ 7.2.6 Remove the apparatus from the test location anghis method is represented by a coefficient of variation of 4 %.
inspect the footprint per the guidelines of 7.1. If contact is nolRepeated measurements for two apparatus on the same location
adequate, prepare the surface with sand, per 7.1.3, and redo gically have a coefficient of variation of 5.7 %. This is an
measurement. If contact was adequate, record the display@diimate based in limited field measurements. A comprehensive
values of stiffness and, if used, the user selected value Qfyajyation of precision continues.
Poisson’s ratio and the calculated modulus. 9.1.4 The precision of any given measurement depends on
8. Report the surface conditions of the layer being measured and how
. Repor .
, , . well the foot of the apparatus is seated.
8.1 The report shall contain the following as a minimum: g 5 gias

8.1.1 At least a visual classification of the soils and soil g5 1 The stiffness reference for this test method is a moving
mixtures as well as a visual description of the same and the tegl <5 as defined in Section 6.

conditions. _ _ _ 9.2.2 The bias of a stiffness measurement per this method is
8.1.2 A sketch showing and numerically recording the, .qefficient of variation of=1 %.
position of test locations relative to site stations.
8.1.3 All stiffness measurements and any modulus determil0- Keywords
nations with its assumed Poisson’s ratio identified by test 10.1 compaction control; in-place modulus; in-place stiff-
location, time and date. Stiffness data shall be rounded andess; in-situ test; non-destructive; production testing; shear
recorded to one decimal place (that is, 14.3 MN/m). modulus; soil stiffness test; stiffness gauge; Young’'s modulus
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ASTM International 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 International 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 International, 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).



