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Indian Standard

METHOD OF DETERMINATION OF MODULUS
OF SUBGRADE REACTION (K-VALUE)
OF SOILS IN FIELD

0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institu-
tion on 5 June 1979, after the draft finalized by the Soil Engineering and
Rock Mechanics Sectional Committee had been approved by the Civil
Enginecring Division Council,

0.2 The ¢ modulus of subgrade reaction test’, usually known as K-value
test, is essentiilly a plate bearing test.  This test is used for the design of
pavement structurcs and raft foundations,

0.3 Like all other soil strength tests, K-value test will not provide a
representative measurement of subgrade strength unless performed under
the conditions that would be expected after equilibrium of the subgrade
with the environmental influences of moisture, density, frost, drainage and
traffic. Equilibrium is not attained until the structure has been super-
imposed upon it for some time,

0.4 In the formulation of this standard duc weightage has been given to
international co-ordination among the standards and practices prevailing
in different countries in addition to relating it to the practices in the field
in this country,

0.5 In reporting the result of a test or analysis made in accordance with
this standard, if the final value, observed or calculated, is to be rounded
off, it shall be done in accordance with IS : 2-1960%,

1. SCOPE

1.1 This standard deals with the method for the determination of modulus
of subgrade reaction of the soil in place (generally known as K-value of
the subgrade), for evaluation of strength of subgrade for roads, runway
pavements and raft foundations,

*Rules for rounding off namerical values (revised ).
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2. TERMINOLOGY

2.0 For the purpose of this standard, the definitions given in IS: 2809
1972* and the following shall apply.

2.1 Modulus of Subgrade Reaction — Ratio of load per unit area
( applied through a centrally loaded rigid body ) of horizontal surface of
a mass of soil to corresponding settlement of the surface, It is determined
as the slope of the secant drawn between the point corresponding to zero
settlement and the point of 1'25 mm settlement, of a load-settlement
curve obtained from a plate load test on a soil using a 75 cm diameter or
smaller loading plate with corrections for size of plate used,

2.2 Deflection — The amount of downward vertical movement of a
horizontal surface due to the application of a load to the surface.

2.3 K-value — If the assumption that the reaction of the subgrade is
proportional to the deflection is entirely correct, the curve in Fig. 1 should
be straight line and the slope of this line should give the modulus of sub-
grade reaction measured in MPa/cm ( kgf /om?/em ). The results, however,
usually give a curve which is convex upwards and which has no straight
portion even initially, F-value is, therefore, taken as the slope of the line
passing through the origin and the point on the curve corresponding to
1-25 mm settlement ( see Fig. 1 ):

—P .. 10p .
K= 0135 MPa/cm == 0125 kgf/em’/cm

where

p = load intensity corresponding to scttlement of plate of
1:25 mm,

Alternatively, the K-value may be defined as a pressure of 0°07 MPa
(0:70 kgf/cm?} divided by the corresponding scttlement. That is when
a standard 75 cm diameter steel bearing plate is subjected to a load of
3100 kgf, say K = 297 MPajem

[K == %mmkgf jem3/em ]
where
d = settlement in cm.

2.4 Stiffening Plates — Nest of plates stacked on the bearing test plate
for stiffening it.

- i

*Glossary of terms and symbols refating to soil enginecering ( first revision ),
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Fi1c. 1 REesuLT oF PLATE BEARING TEST ON NATURAL SUBGRADE

3. APPARATUS — (see Fig. 2).

3.1 Bearing Plates — It is a circular mild steel plate of 75 cm diameter
and 25 mm thickness. Smaller bearing plates of 45, 40 or 30 cm may also
be used.

3.2 Loading Attachment — Loads are applicd by means of a hydraulic
jack or a screw jack working against a reaction frame through bearing
plates. The loading attachment should have a capacity of at least 150 kN
(15000 kgf ) equipped with ball and socket joint between the test load
and the jack to avoid eccentricity. The device should have an arrange-
ment for attaching to a truck, trailer, truss or any other equipment load
reaction,

3.3 Jacks — Hydraulic or screw jack of 150 kN ( 15 0C0 kgf ) capacity.

3.4 Proving Ring — One calibrated proving ring of capacity, 150 kN
( 15000 kgf ) with dial gauge to read to an accuracy of 0-002 mm. The
proving ring should have an accuracy of one-half percent of the load
measured,
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Nore —~ Support for load reaction shall be 210 cm minimum from bearing plates.

1. 2 ScHemaTiC DIAGRAM OF PLATE BEARING TEST

3.5 Loading Reaction - The reaction for jacking can be provided Ly a
truck, trailer or anchor frame such that its reaction shall be at least
2'5 m away from the centre of the bearing plates, When the test is to be
conducted on granular subgrades, a reaction of at least 150 kN ( 15000 kgf')
will be required. For cohesive soilsa SOKN ( 5000 kgf) reaction may be
sufficient,

3.6 Measuring Deformation — The vertical movement resulting from
applied loads will be measurcd by at least three dial gauges uniformly
spiced 120° apart, preferably four uniformly placed at 90° apait, and placed
at about 10 mm away from the rim of 73-cm plate. The gauges will be

6
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supported by an independent datum bar such that their positions are
unaffected by the loading operations, These supports should be at least
2'4 m from the plates and the wheels. The settlement of the plate is taken
as the average of the readings of the dial gauges used for the purpose.
Gauges with an accuracy of 0002 mm are desirable; however, gauges
with an accuracy of 0'0]1 mm may be - sed if time-readings are made.

3.7 Jack-Pads — Due to variation iz the depth of test points some dis-
tance picces, for example, spacers, will be required between jack and
proving ring. These can be solid cylindrical pieces of aluminium alloy or
any other suitable material to withstand and help in transferring heavy
loads on to the bearing plate. These spacers should be at least 15, 20
and 30 cm long. The exact requirement of these jack pads will vary from

one test point to another according to depth of test point below ground
surface,

3.8 Stiffening Plates — These are mild steel plates of 60, 45 and 30 cm
diameter and 25 mm thickness,

3.9 Miscellaneous Apparatus — Datum bar of 5 m length with suitable
dial gauge attachments, pick axes, showel, trowel, spatula, spirit level and
plumb bob.

4. TEST PROCEDURE

4.1 Two alternative test procedures may be followed. More accurate tests
are made with a 75-cm plate, and a load reaction arrangement, a loading
jack, a proving ring to measure the load and three dial gauges placed
diagonally apart about 10 mm from the rim to measure the vertical deflec-
tion,

4.2 Preparation of Test Area — K.value tests should be conducted on
representative area. Most soils exhibit a marked reduction in the modulus
of subgrade reaction with increase in moisture content, which cannot be
generalized. Conditions of moisture content, density, and type of material
all enter into the interpretation of test results to give a design value which
will represent the condition of equilibrium that ultimately will exist in the
subgrade. Generally, subgrade is composed of either natural ground or
fill-material. Preparation of an area for testing will depend on composi-
tion of subgrade.

4.2.1 Preparation of Test Area for Natural Ground — Strip off an area
equal to twice the area of the bearing plate to the proposed elevation of
the subgrade surface. In any case, it is necessary to remove the top
25 cm of the soil before testing. The effect of surcharge can be eliminated
by having supports of datum bar at least 1'25 m away from'the nearest
edge of bearing plates,
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4.2.1.1 On fine grained soils the bearing plate, with its lower surface
oiled, shall be placed and rotated. When the plate is removed the irregu-
larities in the surface, being marked with oil shall be trimmed off. This
process is repeated until the plate is in contact with the soil over the
whole area,

4.2.1.2 When the test is made on granular subgrade, extreme care
shall be taken not to disturb the natural condition of the subgrade while
the test site is being prepared. Prior to placement of 75 cm diameter
plate, the area should be cleared of loose material and levelled.

4.2.1.3 On gravely soils flat bearing surface can best be obtained
with plaster of paris, which should be levelled with the plate before the
plaster has set. The K-value test should not be started until the plaster
has sufficiently hardened.

4.2.2 Preparation of Filled-Up Area — In case the test is to be conducted
on subgrade composed of fill materials, a test embankment of about 75 cm
height should be constructed, after necessary stripping. For design
purposes the conditions of the moisture content and dry density of the test
arca should be those which are likely to exist when the subgrade hag
reached a state of relative equilibrium subsequent to the construction
pavement. Generally, the subgrade will be compacted at optimym
moisture content and specified density If ordinary compaction equip-
ment is not available, approximate compaction may be obtained by hand
tamping in layers,

4.2.2.1 The test should be conducted keeping in view elimination of
bearing pressures of reaction frame and datum bar, as mentioned in4.2.1.
The bearing plate with its lower surface oiled shall be placed on the
prepared surface and rotated. When the plate is removed all proud por-
tions indicated by oil marks shall be as levelled as possible. If levelling
is difficult due to presence of granular material, a layer of fine dry sand at
no place thicker than 5 mm may be laid and the plate seated properly,

4.3 Loading Procedure — There are two methods for determination of
modulus of subgrade reaction as given in 4.3.1 and 4.3.2.

4.3.1 Method I — The loading system and bearing plate should be
seated by applying a load of 3'1 kN (310 kgf) ( 0-:007 MPa for a standard
75 cm diameter plate ), when the design thickness of pavement is less than
40 c¢m which is normally used for lightly loaded pavements. For heavy
duty pavements a seating loading of’ 6:2 kN (620 kgf) should be used.
The seating Joad will be allowed to remain until practically complete
deformation has taken place, at this time a reading should be taken on
the dial gauges and adjusted to ¢zero’ reading. Cyclic loading under
3'1 kN (310 kgf) or 6:2 kN ( 620 kgf ) seating load, as required, may be

8



I8 19214 . 1979

used to assure good seating of the bearing plate, Then without releasing
the seating load an additional 31 kN ( 3 100 kgf) [that is, a total 34'1 kN
(3410 kgf) or 372 kN (3 720 kgf) load depending on the type of the
pavement ] should be applied to the plates and held until practically
complete settlement has taken place.

For recording observations, pro forma given at Appendix A should
be used. Prior to releasing the 31 kN (3 100 kgf) load, a value of Ky
fv_vill be computed for the average deflection at the plate rim by the
ormula:

0-07

Ky = y) MPa/cm, or
Ky = OZO kgf /cm#/cm

where
d = deflection in cm.

One of the procedures given in 4.3.1.1 and 4.3.1.2 should be then
followed depending upon the type of subgrade and the value of uncor-
rected modulus of subgrade K.

4.3.1.1 For cohesive subgrades with X, equal to 0555 MPajcm
( 555 kgf jcm?/cm ) or less, the load will be released. For some clayey soils
it may be necessary to plot a time-settlement curve to aid determi-
nation of practically complete settlement, In general, the load will be
held until the rate of deflection of the bearing plate is less than
0000 5 cm/min ( that is, 0°003 cm in 10 minutes ). This rate of settlement
indicates that the major portion of the settlement has occurred,

4.3.1.2 For granular subgrades, or cohesive subgrade with K equal
to 0555 MPajecm ( 5:55 kgf /cm?¥cm ) or more a load-deflection curve
should be obtained by measuring the successive deformations caused by
increasing the load in increments of 15-5 kN ( 1550 kgf) to a maximum
of 93 kN (9300 kgf). The load should not be released between the
increments of loading. Each increment of load shall be held for at least
15 minutes, The final load of 93 kN ( 9 300 kgf) shall be held until
practically complete settlement is reached, but in not less than 15 minutes.
In general the 0:21 MPa ( 2-1 kgf /cm?) load should be held until the rate
of settlement of the plate is less than 0:000 2 cm/min ( that is, 0:002 cm in
10 minutes ). This rate indicates that the major portion of the settlement
has taken place,

4.3.2 Method II — The plate shall first be seated by applying a load

equivalent to a pressure. of 0-007 MPa ( 0'07 kgf /cm? ) and releasing it
after a few seconds. A load sufficient to cause approximately a 0'85-mm

9
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settlement should be applied and when there is no perceptible increase in
scttlement or in the case of clayey soils, when the rate of increase in settle-
ment is less than 0025 mm/min the average of the readings of the deflec-
tion dial gauges should be noted. The load as measured by the pressure
gauge attached to the jack or by the proving ring should be noted, both
immediately before and after the deflection readings. The load should
be increased until there is an additional settlement of approximately
025 mm and ‘the load and deflection again noted when there is no
perceptible increase in settlernent, This procedure should be repeated
until a total settlement of not less than 1'75 mm has been produced. For
recording observations pro forma is given at Appendix B.
Norr 1 — Rapid and less accurate tests may be made with a 45-cm or even a
30-cm diameter plate with a 5-tonne loaded lorry to provide the load reactions, a
pressure gauge to measure the load and at least 3 dial gauges to measure the verti-

cal deflection of the bearing plate. In such cases, the Xp value applied should be
carrected for the standard 75 cm plate as explained in 3.

Note 2— The test may be conducted with a plate of diameter smaller than
75 ¢cm when adequate reaction is not available, When a smalier plate is used, the
Kp value should be corrected to get the X value corresponding to a standard 75 cm
diameter plate as explained in 8,

5. EVALUATION OF SUBGRADE TEST RESULTS

5.1 The corrections mentioned in 5.1.1 to 5.1.4 should be applied before
a final value of subgrade reaction X is evaluated.

5.1.1 Correction when Using Plates Smaller than 75 cm Diameter — Theoreti-
cal relationship may be established between the modulus of subgrade
reaction and the plate diameter. This value for a plate of particular
diameter can be expressed as a percentage of the equivalent modulus of
subgrade value of a 75-cm diameter from Fig. 3 and thus equivalent value
of K, for a 75-cm diameter plate can be evaluated.

5.k2 Correction of Load-Deflection Curve — The correction should be
necessary if the value of X, is 0-555 MPa/cm ( 555 kgfécm’/cm ) or more,
In such a case unit loads up to 93 kN ( 9 300 kgf ) in 155 kN ( 1 550 kgf )
increments should be applied and a load-deflection curve is plotted. In
these cases the load-deflection curve shall not be a straight linc and hence
a correction should be made. Generally, the load-deflection curve shall
approximate a straight line between unit loads of 31 kN (3 100 kgf) and
93 kN (9300 kgf) [ 0:07 to 0°21 MPa ( 0'7 to 2°1 kgf/cm? ) ). The correction
should then consist of drawing a straight line parallel to the straight-line
portion of the load-deflection curve through the origin. The deflection for
computing the K4 value shall then be determined at a unit load of 31 kN
( 3100 kgf) (0-07 MPa/0:7 kgf [cm?) and the K4 computed by the for-
mula given in 4.3.1. In case no straight portion on the curve is observed,
then at least three points in the region having the least curvature should
be selected ( see Fig. 4 ).

10
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F16.3 ReLATIONSHIP BETWEEN MoDULUS OF SUBGRADE REACTION
AND DIAMETER OF BEARING PLATE

5.1.3 Correction for Bending of the Plates — The bending of the bearing
plate is greater at the centre than at the rims, even when nests of plates are
used. A method for the correction of modulus of subgrade for plate ben-
ding is shown in Fig. 5.

The value of uncorrected subgrade reaction should be used as the
ordinate to enter the curve in Fig. 5. The value obtained on the abscissa in
the curve of Fig. 5 should be the K} value corrected for bending of plate,

Nore — When uncorrected value is less than 0°275 MPa/cm, the correction for
plate bending is negligible and may be ignored.

5.1.4 Correction for Saturation — The moisture content of the subgrade
at the time of the plate bearing test may increase after the pavement has
been constructed and the worst condition may be covered by converting
the value of modulus of subgrade obtained from bearing test to a valuc for
the subgrade when soaked. It is impracticable to do this directly by artifi-
cially wetting the test arca.  Hence correction should be applied on the
basis of consolidation tests on the subgrade material.

11
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5.1.4.1 The correction of subgrade saturation shall consist of loading
two samples of the undisturbed subgrade materials in a consolidometer

as follows:

a) One at the in situ moisture content, that is, at natural moisture
content; and
b) The other at a saturated condition.

5.1.4.2 The two specimens in the consolidometer shall be applied
the same seating load that was used in the field plate bearing tests
( see 4.3.1). The seating load shall be allowed to remain’ on the specimen
having in situ water content until the vertical movement becomes stable, at
this time a ‘zero’ reading should be taken. Now apply an additional
31 kN (3100 kgf) load. The total load should then be allowed to remain
until the vertical dial gauge reading becomes stable.

13
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5.1.4.3 The second specimen should be allowed to saturate under
the seating load. After the vertical dial gauge does not show any move-
ment, a ¢ zero ’ reading should be taken and an additional 31 kN (3100

kgf) load should now be applied. Take down the readings when vertical
dial shows stable reading.

5.1.4.4 The corrections for saturation should be applied in propor-
tion tg the deformations of the two specimens under a unit load of 31 kN
(3 100 kgf ) in addition to the seating load as follows:

Ky= -d! % uncorrected value of modulus subgrade
|
where

K, == corrected value of subgrade for saturation.

d == deformation of a specimen with natural moisture content
under unit load of 31 kN (3 100 kgf).

dy = deformation of a specimen when saturated under unit load
of 31 kN ( 3 100 kgf ).

If 7;1 =s 1, this correction is inapplicable,
L]

5.2 The corrections and order in which these should be applied are
explained on a flow chart given in Appendix C.

5.2.1 For easy understanding of all the necessary corrections required

to be applied in determipation of K-value, a sample observations and
calculations are given in Appendix D, !

6. REPORT

6.1 The value shall be reported corrected to the second decimal place.

14



1819214.197%

APPENDIX A

( Clause 4.3.1)

PRO FORMA FOR IN-PLACE K-VALUE — TEST METHOD I

LoCation, ....o.uveissencusnesrsnsnssensssrsssssnsessonenns
Material of test point,............
Depth of te8t..vuuussurcnsiminnimassanissiisssnn,

» . Soaked
Condition of test surface : “Unsoaked o

Period of soaking, ifany......ceenee - serserreiosinns
Moisture content,........co..reeiorcrrsuren

Tested BY,uuruorenreverermamssssmsessammestnssiasssnss

Date,.......oeresemrensnnsimnns

Density...vevvnrenserrnssnsons cereaben e,
Method used for determination of density........
Dia of plate used :
Provina | Loap, | Derrzerion Dian| AvEr- |CumuLa- X-value, kgf fcm/cm
Riva D1ax| kN | Gavee Reapings| AGE TIVE MPajcm
Cavoe | (¥gf) |————— | DEpige- | Dvnme- | e
Reapines DG|DG|{DG|DG| TN, | TN, | Yncorrect-| Correct- | Correct- | Correct- | Correct- | Corrected
12| 3)4; mm mm | ed Value, | edfor | edfor | edfor | ed for | K.value
Kq Load of | Bending, | Satura- | Size of
Deflec- Ko | tior, Ks | Plate,
. tion, K¢ Kp
L 2 & @666 0 (8) {9) {10) (1 1y (19 (14)
Rejected test with reason....u....s s st e

Result of repeat test if conducted

.................
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APPENDIX ¢
( Clause 5.2)

DETERMINATION OF K-VALUE « FLOW CHART’

|
Granular Soil

|
Load 0:07 MPa to 021 MPa
007 MPa

Uncorrected X value = e ———
Detlection (cm)

Corrected Corrected for | [ Corrected for Corrected-l
for load bending of saturation, Ky for
deformation, | | plate, Ky ( 1nterpreta: > sueplate, |~
Kq tion ) X

{ Not apphed when

K3 <0215 MPajem )

Interpretation

¥
Cohesion less silts & fine sand  Coarse granular soil

Rarely is the value of Ky used in design For coarse granular
without correction In some instances the sails, the value of
correction does not fulfil the intended Ku may be used
purposes and 13 not satisfactory, Condi- without correction
tions of this 1nstance are cohesionless or providing compac-
nearly, cohesionless silts and fine sands tion requirements
that ‘Pump’ and uniform, poorly graded are fulfilled,

poorly compacted sands that tend to
shift at pavement jounts. For the condi-
tions enumerated above a conservative
K-value will be assumed.

I
Cohelllve Sail

18 19214 1979

y
Ky <0555 MPajem
Load < 007 MPa

Uncorrected Ku value
007 MPa

" Deflection {em)

(‘orlrccted for "] ['Corrected

bending of for

plate, Ky (Not |+ saturation, || plate, Kp
applied when K

Ku<0275 MPa

fem)

P L
Inter retation —~—w——

'

A saturation correction for cohesive
soil n dry region of low water table
may be smaller than that determined
from the consolidation tests  If exa-
mination of pavements in this area
indicatis no foss of subgrade support
at jomts, due to infiltration or
leakage and the moisture content 18
lower than the optimum for compac-
tion, the value of Xy may be accepted
for use 1n design without correction
for saturation,

Corrected
for size

1

>

v
Ky >0555 MPajem

Load 0 07 to 0 21 MPa

¥
Uncorrected Ku value
0:07 MPa
= Deflection (cm)

Corrected for load
deformation, kg

¢
Corrected for bendmg]
of plate, Ky

Corrected for Saturation,
—Ky

Corrected for size of
plate, p
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APPENDIX D
( Clause 5.2.1)

SAMPLE OBSERVATION AND CALCULATIONS FOR
DETERMINATION OF K-VALUE

Location : Tested by:

Material of test]

point 0 j

Depth of test : 050 cm Date:
Time:

Condition of
test subgrade

Period of }

soaking, if any

} : Partly saturated

Moisture content : 18 percent
Density ¢ 1'8 g/cms
Dia of plate used : 75 cm

Provixe Loap DerLEcTION (mm ) Diavn AVERAGE u
Ring iN kN Gavuce READINGS DrrrLec- kg/emi/em
DiaL (kgf) -~ A , TION, MPa/cm

Gaven DG 1 DG 2 DG 3 mm
REapiNGs
1004 3 1kN 26-00 15-10 1126 1745
(310 kgf)
(0007 MPa)
10-72 341 kN 2572 1462 10-88 1707 18'5
(3410 kef')
(007 MPa)
11 06 49°6 kN 2537 14-52 11'73 16-87
(4 960 kgf)
(‘112 MPa)
11-40 65'1 kN 2500 14:00 10-36 16:45
(6510 kgf)
(0-150 MPa )
11'74 80'6 kN
(8060 kgf ) 2470 13-90 10°16 1625
(0-182 MPa)
12:08 94-1 kN 2477 13-85 999 1620
(9410 kgf)
(0217 MPa)
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. 007 007 ..
Caleulations Ky = “[Total deflection incm 0038 185 MPa/cm
at 341 kN (3 410 kgf)
Total deflection at
3.1 kN (310 kgf ) load ]

‘% o 185 kgf /emdfcm.

°r 6038
CORRECTION FOR K-VALUE
St MopuLus oF SUBGRADE MPa/cm ( kgfcm?/cm )
No.
Uncorrected *Corrected for tCorrected for {Corrected for satura-
value Ky for  load deformation bending of plate of tion 75 cm ¢ plate ( to
Bemg curve for 75 cm ¢ T5cm ¢ be done at the end )
Kd Kb d
Kt = _d x Kb
]
1 1-85 1'555 121 0-97
(185) (15°55) (12:1) (9'7)

*For upplying correction to the Ky value obtained in the field using 75 cm dia ,
plate for load deflection, plot Joad-deflection curves as explained in 5.2.2 and demon-
strated in Fig. 4. Assuming that the curve obtained is for shear failure having concave
shape upwards, draw a dotted correction curve passing through origin, parallel to the
shear failure curve, Enter at the loading intensity of 0:07 MPa ( 0'7 kg/cm? ) and deter-
mine corrected deflection. From Fig. 4, we obtain 0045. Correcied value for
s 0-07 07
load deflection is Xq = 0045 \ 0045 ) == 1555 MPa/cm ( 15'55 kgf [cm2/cm ).

tCorrection for bending of plate of 75 ¢cm dia shall be applied as shown in
Fig. 5 (5 35.1.3). Enter at K= 1'555 MPa/cm (15'55 kg/cm®/cm ), and read the
corrected values for bending of plate, that is Xb = 121 MPajcm ( 12'1 kgf /cm3/cm ).

. d . .
$Assuming ke 08 which is obtained from consolidation test result ( refer 5.1.4 )

Substituting value of%. in equation K.:—;— X Ku=08 x 121 (08 x 121 )m
{ ]
0-97 MPa/cm (97 kgf /cm8/cm ),

20
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