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FOREWORD

This standard was developed to establish methods of testing materiala for use as sub-
grads, subbase, snd base course for pavement in thoss instances not covered by American
Society for Testing and Materials (ASTM) tests or American Association of State Highway
Officials (AASHO) procedures, or where tests for which the procedure required by the mili-
tary services differs from that prescribed by ASTM or AASHO.



Downloaded from http://www.everyspec.com

. b~ MIL-STD621A

22 Decarmbar 1984
CONTENTS

L. SOOPE ..oooceooeereseesrommrsvrsemsatstsssamssnaas e sasios sebsbosersssssssnsate S0t sastssoaSS RS RS S Sunes 1

2. BEFERENCED DOCUMENTS .......ccocommemisirsmsscsssmsrossnssssmsssesssases soressssssmsserissssassssssassosseress 2

2 P 1 GOVETIINETIEA] ..ocoovveeimerererenanrssasmesssassostasasossrssnssetasshesenssass o8 4a0990oraas ste susssansbesas ants sarssasssss oasasass 2

; 22 Nongovernmental ..o aeutseesasasanstabsRamsan sy sanene 2

t .

L 8. DEFINITIONS — 5

8.1 Not aDPUERRLS .........o.cecciiiremisnctnasaminsssemmstntsitasssesissenesssssensassserans -

4 GENERAL STATEMENT s

' 5. DETAILED REQUIREMENTS ... - T

B.1 Test methods ............. veseeesetastEresaseLtNRR TS R peTaTRS e Sab s AT RS A AR Ee S PO At eenar sres e e aeee Seneene 5
L4
1
1



Downloaded from http://www.everyspec.com

MILSTD-621A
22 Decamber 1964 \

L BCUPB '

This standard establishes tast methods  ing the suitability of materials for snbgrads,
that sat forth ways and means of determin-  subbase, and bass for pavements.



Downloaded from http://www.everyspec.com

ME-STD-621A
22 Decomber 1944

2. REFERENCED DOCUMENTS

The issues of the following documents in
sffect an the date of invitation for bids form
a part of this standard to the extent speci-
fled herein.

21 GOVERNMENTAL.

MIL-STD-619— Unified Soil Classification
System for Roads, Alr-
fields, Embankments,
and Foundations,

{Copies of standards required by supplisrs in con-
nection with specific procursment functicns sheuld

be obtained from the procuring activity or s di-
rectad by the contracting officar.)

22 NONGOVERNMETAL.

ASTM.E-11 — Specification for Sisves
for Testing Purposes
(Wire Cloth Sieves,
Round-Hole and
Square-Hole Plate
Screens or Sieves).

{Application for copies should be addressed to ths
Amarican Socisty for Testing and Materiala, 1916
Race Strest, Philadelphis, Pa. 10182.)
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3. DEFINITIONS

3.1 NOT APPLICABLE.

MIL-STD-62TA
22 Decembar 1964
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4 GENERAL STATEMENT

In the usual operation, samples of sofls are
obtpined during the soil survey and are
tested in the laboratary to determine the

L. .8 - mmm e - - lah cmmammlaa

suitability of the properties of the samples.

The specific test methods eontained herein

are designed to meet the Department of De-
fense requirements in those instances where

the established mdustry tesis and pro-.

medteemes ;e fema M.

cedures are inadequate for military appuca-

tion.

/o
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8. DETAILED REQUIREMENTS
5.1 TESTS. Tests shall be a8 specified In
the tndividual test methods.
— Preparing sctivity:
OCERDL) Army—--MO(ERDL)
Narp—TD Preject No. MISC-0122
Alr Perco—01

Navy—TD, CG
Alr Farce—lleme
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METHOD 100
DETERMINATION OF MOISTURE-DENSITY RELATIONS OF SOILS

(oven-dried weight per cubic foot) when the
ool is compacted as specified herein.

2. APPARATUS
2] Cylinder mold A mold, 6 in in di-

and apn 18-in. fall. The striking face and
weight shall be 50 constructed that tamper.
ing blows can be applied sdjacent to the
of the mold The maximum allowable
the assembled compéaction hammer

2.5 Balsnces. A balance or scale of 25D
capacity sensitive to 0.01 b (or equivalent
metric balance), and a 200-g-capacity bal-
apce ecnaitive to 0.1 g.

erally fall within the following Umits:
(s) Finegrained ecils, 76 to 100 Ib.
(b) Granular scils, 100 to 206 Ib.

3.2 Preparation of test specimen. Dry the
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apparatus providing the temperature of the
sample does not exceed 60°C. (140" F.).
Break up the scil thoroughly but in such a
manner as to avoid reducing the size of the

tainer, cover with an airtight cover, and al-
low to cure for 24 hours. A shorter curing
time may be used where tests show that
shortening ths suring time will not affest
the results. Redetermine the moisture con-
tent if appreciable condenaation forms an
the wall of the container. Use a separate,
fresh portion of maierial for each specimen;
do not reuse any material

4. TEST PROCEDURE

4.1 Assembly of mold, Clamp the 6-in.-di-
ameter mold with detachables collar extension
to the base plate, and insert the spacer disk
in the base plate. Place a coarse filter paper
on top of the disk

4.2 Compaeting. Place the mold on a con-
crete floor or pedestal during compaction.
Place the scil in the mold in five layers of
equal thickness (as near as practicable),
with each layer receiving the specified com-
paction effort (number of blows of the
tamper). The thickness of these layers
should be such that after compaction the
total thickness of the sample is not less than

4.6 in. or more than 6.0 in

Nots. To sssure conformancs with the specifisd
thickness, average total thickness may be determined

aa

by weighing trimmings (sss below) and computing
total thickness on the bashs of wet denddty of
trimmed sample

After the specimen has been compacted,
remove the collar from the mold, and care-
fully trim and smooth the compacted sofl
flush with the top of the cylinder. For co-
hesive materials, the moisture content tested
shall range from below to above the esti-
mated optimum; for cohesionless materials,
it shall range from air-dried to as high as
practicable. Height of fall of the hammer
{18 in.) must be controlled carefully and
the blows distributed uniformly over the
specimen.

43 Compaction efforl. The tollowing
tabulation lists the compaction efforts com-
monly used in determining moisture-density
relations and in preparing specimens for
CBR tests. Other compaction efforts may be

used for special purposes as required

HG—&M
Ot pinttion oort Bewsper | N-b/e= Mol
daignacien ayer ssmparted sellt
CE 58 4] 55.000
CE 26 oo 28 28,000
CE 12 st 18 12,000

Nots. The compaction effort designated CE 55 in
the same as that formerly designatsd as modified
AASHO. CE 12 approximates the compaction ef-
fort used in the standard AASHEO test The densi-
ties obtained by means of CE 12 will approximats
those obtained by the standard AASHO procedures
but will not be {dantical because of differemces in
sampls preparation, mold zize, and hammer. Al-
r.hought.hompuﬁonncﬂmdundlrythcam
of Enginsers has been commonly nown as “Modi-
fied AASHO,” neither of the above-described
roethods coincides exactly with the methods listed
by the American Association of State Highway Of-
ficisis undcr eithar T 180 or T %%.

' Baand on o o beight, after com dom bot bef! trime
oing, of &0 in., whick will resuit Is the maxtmns compaction
afcrt withie the allowable tolerance for total thickmess.

0,



e '. P

75"

Downloaded from http://www.everyspec.com

4.4 Moisture-content sampls. Detach the
base plate, push the specimen from the mold,
and slice it vertically through the center.
Take a representative specimen from one
of the cut faces, weigh it immediately, and
dry it in an over at 110" plus or minus 5* C.
(221" to 239" F.) for at Jeast 12 hours, or to
sonstant weight, to determine the moisture
content. For granular materials, it is ad-
visable to use the whole sample in moisture-
content determinations.

5. CALCULATIONS.

5.1 The computation sheet, figure 100-3,
showa the step-by-step procedure for cal-
culating the moisture content as well as both
the wet and dry densities of the compacted

sail specimen.

6. MOISTURE-DENSITY RELATION

6.1 Plotting. Plot the dry densities in
pounds per cubic foot &5 ordinates and the
corresponding molsture contents as abscis.
sas. Figure 100-4 shows a typical plot of
compaction results for the three designatad
compaction efforta. To aid in determining the
validity of the compaction data, a eemlilog
plot of maximum dry density versus com-
paction efort may be made as {llustrsted in

MIL-STD-621A

figure 100-4. This relation is usually a
straight line when plotted as illustrated.
Using the specific gravity of the matarial
involved, a zero percent air voids curve can
be plotted using data from table L This re-
lation to the moisture-density curves gives
an idea of percent saturation for the compac-
tion curves and provides s chetk on the
validity of the wet side of the compactian
curves,

6.2 Optimum moisture content. When the
moisture-density relations have been de-
termined for a aoil and the resuits have been
plotted as described in 6.1, connect the
plotted points with a smooth line; the curve
produced is generally parabolic in form.
The molsture content carresponding to the
peak of the curve is the optimum moisture
content for the specific compaction effort.
Report this value to the nearest 0.1 percent
and indicate the compaction eflort; eg., CE
556 opUmum moisture cantent equals 14.4
pereent.

6.3 Maximump dry density. The dry weight
in pounds per cubie foot of the soil at op-
timum moisture content is termed the maxi-
mum dry density for the specific compac-
tion effort. Report this value to the pearest
0.1 Ib per cu ft, and indicate the compac-
tion effort; e.g., CE 55 maximum dry density
equals 116.9 Ib per cu ft.

Method 100
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{ canasss

CYLINDER MOLD
ASSEMBLY

Method 100

FIGURE 100-1. Cylinder mold assembly.
4

I
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MR-STD-621A
8011 COMPACTION TEST
PROJECT MATE
Aeomore AFB 9 June 582
JOB NHO.
SRR ses3 3218/
DTTIAL W cowrer, v_ - _ 4.5 3 | EE SR
35 _ BLOMS PER EACH OF 5 uuers _/0  .in muecr _{8__ _mi. pRoP

i Dosired dry weight M| 5000

1ev, 1-085 | 1. 1. Subgrode Maferio/
[Boll wight V. (evy)e ]ho 5225 -

Bowl tare 4, -

10 » "b

Test wator coutant fur G % $ %

AAL sombamw W' (w! . w } -

L ke '4\' a8’ Y =]

Mold Bo. &

Yeight mnld + soil IR787

Nold tare B v [1074¢

lase tare, ¥ - ¥W_ . V. (2025

Average vater content |v 53 ¢ % s

Mold constant [c (60298 | o. 0.
{ Uot Gensity, ¥_= a | /20.5
'I Dry density, w ¢ L e ved |24 &

UATER CONTENTS A B c

Tare iy Z9

Tars + wet soil 159.8 11843

Tare + 4ry soil 153.0 | 172.5

Vatar “l 6.4 7.8

Tare 25.3 | 25.4

Dry soil o l127.7 (1471

Water content v 53 % 53% % $ %

Depsities in pounds per cubic foot. Weights in grama.
TECHNICIAN COMPUTED CHECKED
ACSB JJSH TH
c'iaT B
FProues 1008 Computation shest

Maothed 100 6
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1. SCOPE

1.1 This test method Is used for determin-
ing the Californis Bearing Ratio (CBR) of
sofls efther in the field or in the laboratory.

2. APPARATUS

21 Cylinder mold aazsembly meeting the
requirements indicated in figure 101.1, For
any group of moids, one extra base plate is
desirable as two plates are required when a
mold is inverted during the preparation of

the specimen.
22 Disk a» shown in figure 100-1.

2.3 Compoction Aammer as shown in figure
100-2.

2.4 Apparatus for measuring cxpanrion of
2oil, connisting of adjustable stem and per-
forated plate, tripod, and dial micrometer
{reading to 0.001 in.), as shown in figure
100-1.

$5 Weights, including one annular sur-
charge weight and several alotted or split
surcharge weights as shown in figure 101-1

2.6 Soaking tenk of sufficient .ire to ac-
commodate several test molds and of suf-
ficient depth to ensure submergence of the
aample.

2.7 Penetration piston as shown in figure
101.1,

MIL.STD-621A
22 December 1904

28 Loading device, either a laboratory
testing machine or screwjack and frame ar-
rangement (as (llustrated in fig. 101.2),
which can be used to force the penetration
piston into the specimen st a uniform rate
of 0.06 in. per minute.

2.9 Compaction apparatus. The general
laboratory equipment specified in method
100,

atmbiomer ol a

£.10 uouuiy device comsisting of & me-
chanical screwjack to apply the load, and
s loaded truck to provide the resistance for
the screwjack (see fig. 101-3).

2.11 Calibrated proving rings.
2.12 Penetrotion piston, 185 in. in diame-

ter, with internally threaded pipe extensions
and connectors.

2.13 Dial micrometers and support.

2.14 Steel plate, 10 in. in diameter, having

a ?1/82-in. -diamster hala in ths mentsr and

B i &7 W™ ATl IR MWL M MY TwhALaL ¢ WS

weighing 10 Ib.
2.15 Surcharge weighta

3. TEST PROCEDURE.
3.1 Penetration Lest procedure,

3.1.1 The following penetration teat .pro-
cedure applies to lsboratory and field in-
place CBR tests. Satisfactory forms for re-
cording penetration data for laboratory tests

‘Mathad 101
22 December 1964
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and field tests are shown in figure 1014 and
figures 101.5 and 101-8, respectively.

3.1.1. Applying surcharge. Apply sufficient
penetration surcharge on soil being tested to
produce an intensity of loading equal to the
weight (within plus or minus 5 Ib) of the
base material and pavement that overlie the
soll baing tasted. but the surcharge weight
shall be not less than 10 1b. (80 Ib for fleld
teat). If the sample has been soaked previ-
ously, the penetration surcharge must be
equal to the scaking surcharge. To prevent
upheaval of sofl into the hole of the sur-
charge welghta, it is advisable to place one
5-lb annular diak surcharge weight on the
soll surface prior to asesting the piston and
finally applying the remainder of the
weights,

3.1.1.2 Seating piston. To seat the penetra-
tion piston, bring it into contect with the
sample with sufficient pressure to cause the
ioad dial to register a load of between zero
and i 1b.

3.11.8 Applying load. Apply loads on the
penetration’ piston so that the rate of pene-
tration is approximately 0.05 in. per minute.
QObtain load readings at 0.023-, 0.050-, 0.075-,
0.100., 0125, 0.150-, 0.175-, 0.200-, and
0.300-In. deformation. In manually operated
loading devices, it may be necessary to take
load readings at closer intervals to control
the rate of penetration.

1.1.1.4 Determining moisture content. De.
termine the moisture content in the upper
1 in, and in the case of laboratory tests de-
termine an average moisture content for
the entire depth of the sample,

3.2 Procedure for svaking laboratory CBR
specimenn,

321 Place the adjustable stem and plate
.on the surface of the sample, and apply an
agopujar weight to produce an intensity of

Mathed 100

loading equal to within plus or minus &§ Ib
of the weight of the base material and pave-
ment that overlie the soil being tested, but
in no case should the surcharge welight be
leas than 10 lb.

3.2.2 Set tripod on mold and dial stem on
adjustable stem from plate and make initial
messurement from which to determine swell
or consolidation of specimen.

3.3 Immerse the mold in water to allow
free access of water to top and bottom, and
allow the specimen to soak for 4 days. (A
sherter soaking period Is permisaible for
soils that take up moisture readlly if tests
show that s shorter period does not affect
the resuits.)

32.4 Make final swell or consolidation
measurements, snd calculate the swell or
consolidation as a percentage of the initial
apecimen height.

2.2.5 Wipe the free water from the speci-
men, being careful not to disturb the sur.
fuce of the specimen; then allow it to drain
for 15 minutes. It may be necessary to tilt
the specimen in order to achieve good drain-
age.

3.2.6 Remove the perforated piate and sur-
charge weights, and weigh the specimen. The
specimen is now ready for the penetration
test,

3.3 General procedure for lesting labora-
tory compacted CBS specimens.

3.3.1 For testing laboratory compacted
specimens for the CBC method of design,
materials have been grouped into three
classes with respect to behavior during
saturation: (a) cohesionleas saande and
gravels, (b) cohesive soils, and (c) highly
awelling soils. The first group usually in-
cludea the GW, GP, SW, and SP classifics-
tions of MIL-STD-619. The second group us-

@,

2
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n‘nywmthe GW.GP.SW.IMSPM
sifications of MIL-STD-619. The second

group usually includes the GM, GC, SM, SC, -

ML, CL, and OL classifications. Swelling soils
usually comprise the MH, CH, and OH claxsi-
ficationa. Separate procedures are given for
each of the groupe.

3.3.2 Cohesionlres sands and gravels.

3.2.1 Cohesionleas soils usually compact
readily under rollers or traffie. Specimens
shall be prepared, as specified in method 100,
at high denaities and at a range of moisture
contents bracketing those anticipated in the
field, including moisture contents as high as
practicable. If socaking does not lower the
CBR, it may be omitted for further tests on
the same material,

3.3.8 Cohemive soils.

3.3.3.1 Representative samples of cobenive
anils are tested in a manner to deveiop data
that will show their behavior aver the entire
range of anticipated moisture contenta. Test
specimens are prepared and compection
curves are developed for the CE 55, CE 26,
and CE 12 compaction effortsa aa described
in test method 100. Each specimen shall be
soaked and penetrated to develop a complete
family of curves ahowing the relation be-
tween density, moisture content. and CBR.
To aid in determining the validity of the
compaction data, & semilog plot of maximum
density versus compaction effort in energy
per unit volume usually gives a straight-line
relation ss {llustrated in teat method 100.

3332 The data from a CBR test are
plotted as in figure 101-7, and the resulting
famfily of CBR curves represents the charac-
teristics excompassing & wide range of fleld
conditions. The design CBR shal] be based on
the density and molding moisture content
anticipated in the field. For example, assuine
that the lean clay soil, for which results are
plotted in figure 101-7, can be processed to
an sverage moisture content of 13 percent

MILSTD621A '

to 16 percent and that it can be compacted

to a density varying from 11035 (96 percent
of modified maximum density) to 115 b
per cu ft. (see cross-hatched area on lower
left-hand plot of ﬁg 101.7). If eonatruction
couid be coniroiled so that the densily and
moisture content were within these ranges,
the right-band plot of figure 101.7 indicates
that the soils, after moisture conditions had
become adjusted, would have s CBR (see
croes-hatched area on right-hand plot of fig.
101.7) varying between about 11 (110.5-
Ih-per-cu-ft density and 18 percent moisture
content) and 26 (116-lb-per-cu-ft density and

15 percent moisture content), The design
CBR selected should be near the lower value,
aay 12. The right-hand plot in figure 101.7
shows that close control of moisture content
within those limita (18 percent to 16 per-
cent) is necesaary because low CBR values
will be obtained if the moisture content is
allowed to increase appreciably above the de-

aired range.
334 Swelling soila,

33.4.1 The test procedures for highly
awelling soils are the same as those previ-
ously described for cohesive sofls: however,
the objectives of the testing program are not
exactly the same. Tests shall be performed
on sofla having expansive characteristics to
determine a moisture content and & density
which will minimize expansion. The proper
moisture eontent and density are not neces-
sarily the ‘optimum moisture content and
denaity for the CE 65 compaction effort. Gen-
erally, the minimum swell and highest
soaked CBR will occur at s molding mefsture
content slightly wet of optimum. When test-
ing highly swelling scils, it may be neceasary
to prepare samples for a wider range of
moistures and densities than that normally
used in order to establish the relation be-
tween moisture content, denaity, swell, and
CBR for a given soil. A eareful study of the
test results will permit the selection of the
proper moisture content and denaity re-
quired in the field. It should be noted that

Maethed 10V
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the possibility exists that thickness design
may be governed by the compaction require-
ments instead of the CBR in some cases.

34 Fiald in-place tests (see fAg. 101-8 for
data sheet).

3.4.1 Field in-placs CBR tests are used for
deaign under any one of the following con-
ditions: (a) when the in-place density and
water content are such that the degree of
saturation (percentage of voids fllled with
water) is 80 percent or greater; {b) when
the material is coarse grained and cohesion-
less so that it is not affected by changes in
water content; and (c¢) when conatruction
was completed several years hefore. In the
last-named case, the water content does not
sctually become constant but appears to
fiuctuate within rather narrow ranges, and
the fleld in-place test ia conaidered a satis-
faciory indicator of the load<arrying ca-
pacity. The time required for the water con-
tent to become stabilized cannot be stated
definitely, but the minimum time is approxi-
mately 3 yeara,

3.4.1.1 Penetration. Level the surface to be
tested, and remove all looss material. Then
follow the procedure described in 3.1.1.

3.4.1.2 Number of tests. Three in-place
CBR tests should be performed at each eleva-
tion tested in the hase course and at the sur-
face of the subgrade. Howgver. if the results
of the three tests in any group do not show
reasonable agreement, additional tests
should be made at the same location. A rea-
sonable agreement between three tests

where the CBR is less than 10 permits o

tolerance of 3; where the CBR is from 10
to 30, a tolerance of 6; and from 30 to 60,
a tolerance of 10: For CBR's above 60, varia-
tions in the individual readings are not of
particular importance. For example, actual
test results of 6, 8, and 9 are reasonable and
can be aviraged as 8; results of 23. 18, and
29 are reasonable and can be averaged as

‘Mathed 101

=

20. If the first three tests do not fall within
the specified tolerance, the three additional

tests are made at the same location, and the
nitmameasl average nf thn !ll! tosts 1.!. I.lBEd

LI EEANA Smma

as the CBR at thnt location.

3.4.1.3 Moisture coutent and denxity. After
completion of the CBR test, a sample shall
be obtained (2) at the point of penetration
for moisture-content determination. and (b)
4 to 6 in. away from the point of penetration
for density determination.

3.5 Undisturbed specimens.

3.5.1 Because of the difficolty of obtaining
reliable CBR test results on so-calied undis-
turbed specimens, these tests will be per-
formed only in special cases.

Note, The past pructices of obtaining and testing

sampiss in wooden boxes and of leaving an annular

spacs hetwaen =23 nn!- and rontainer wall to he filled

with piostic matarial such as parafin shall be dis-
continued as these practices leave soma doubt as to
the adequacy of the Iateral confinement of specimen
during the CBR tesat.

E maAll Lsiwmasime T

4. CALCULATIONS.

4.1 The CBR shall be calculated immedi-

[T —— Y. &
I

ateiy after compietion o a5 fol

the test, as follows

4.1.1 Plotting load.penetration curve. Cal-
culate the penetration load in pounds per
square inch, and draw the load-penetration
curve. [t is sometimes necessary to correct
the CBR value Lecause of surface irregulari-
ties and-or the concave-upward shape of the
curve that characterizes samples on the wet

e nf ek o anile B
side of optimum for certain soils. Figure 101-

8 shows both the uncorrected and the cor-
rected CBR curves. Correction can be made
graphically by adjusting the zero point of
the vurve as in figure 101-8 or it can be made

‘mathematically by selecting the largest CBR

value based on load increase divided by the
standard loads for any congecutive 0.1-in,
or 0.2-in. penetration, The mathemastical cor-

)
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rection has the advantage of eliminating the
personal aror in drawing ths corrected
curve. However. the curve should be drawn
in any case so that erratic data will be more

casily recognized.

4.1.2 Caleulating CBR. Determine the cor-
rected load values at 0.1- and 0.3-in. penetrs-
tion from which the CBR values are obtained

MILSTD-621A

by dividine the corrected unit loads s’o.l
and 0.2 in. by the standard loads of 1,000 and
1,500 pei, respectively. Each ratio is multi-
plied by 100 to obtain the bearing ratio in
peru:nt. The CBR is usually eelected a

5 P N e e o e TH4 Al . —_al. & Aﬂ 2
V.d=ill. PEDCTLURLUIL. L uu: TauD ar

penetration s greater, the test sho uldbe
run. If check tests give similar resulta, ose
the CBR at 0.2-in. penetration.

F

Mathed 101
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CALIPOMNTA BRARINO RATIO (CER) TRN?
Penstraticn
FROJECT DATE
BLEIE 50 OG0B B0,
o, Roe AB NOLDED SOAED
29 Wm. Burcharge weights, io pounds:
Soaking Penstraticn
Date | Time |Days | o, s:;u . in. mm.nsr.gn: min.)
o lo. 0. ““u:" rora) | PO | corr.
9. 0. an. | 108 | 1v/ia2 | B
R 0, oS
0, 0. 0.0%0
[} 0. 0.07%
0. 9
0. 0. 128
IR COFTEETS Vacle Bpecimss | Top |0.150
_ AFTER SONCTR) Dreinsd [T™ 0.178
) Tare b ,'
Tare ¢ wt soil 1, 250
Tare + &ry wail
tatar 0.5 .
Tare 0, OO0
Bolids
Yatar Comtemt 5 _410,500
Bota: fStaniard lomd st 0.1-in. penetretion = 1000 pel.
Stasdard load at 0.2-in. penstration = 1500 pei.
d (Oﬂ_nwwmw}u_(_WXMmMO”.
o0 Total loed ip pourds + 0 = CBR. :
t fotal load tn pounds + b = CEA.
oo sindd. lcﬁ:’m

Pcuaz 101-4. CBR lnberatery record form.
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185 T3 R <
« 190 +300
[~ ] Q.1
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th. 13. 16 . B
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21. . CEatnar

2. W Y Bwl)

3. I Py Buil
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L O W
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e — l?-h“
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10

Yy~




Downloaded from http://www.everyspec.com

MIL-STD-621A

DEETECTios) FOR FILLITD OUT FIXLD TR TRNT SORM

i
wt il onap m {
AR R i}
i | T R
A m \ A
mﬂ\u Lu-_ nm 3% unhu
sith 1 Bl B
m.mu me .” Mm —m _mm 1% m
; A mm : il ny
g 10 | i
il B
nmm.mhmm um_mnn“ mm mm muu u
Jiaghllh 5 5 _u_:
bt oS
u_“ m_ 1Y m~m m m ___
meum_ﬁﬁmﬁmwm:m ww —muu—- 3 um —.——‘
Euu -um =r

dddicdrd id qudind ndgd

3

m...u__uuh m mm

£ 45 déddn ddndgded

ined CEHR (0.2 is.) vime this Flgwe

M__

H B

mﬁ Rl
JrEEE
NEHEN)
o1
e 1§ N s
I
mm_—m
b ANAE! =Y,
.
m /_l §
T
g *" 8§ o

- lacars

case Fenuirieg of Fecssraing and Tem

pRivie & oW i wp smiTizimiiy
Piauan 1014, CBR field vecovrd /i

SMhsArily picLl aa e slopw
1100 w3 ¢ thet FeaeEmBLs Curves ©

i1



Downloaded from http://www.everyspec.com

MILSTD-621A

umsap dof oen) YD Juiutsofasd dof pinpazosd prpunmwosdy "L-101 IUNDI

ERATE LT

NDIS30 YO4 S1S3L

QM NET MY #ONO M- ' W InrYe

HeO QZ_IEOEU& -.._o.u “““ "w“ ctuu.....ﬁ.ucc.-usnwﬂ-%“h M 0100 ‘EWIAYY § NI OB DWIMOD € WrvE 1Y
FYNAIIONJ O0ICNINNODIY (4 1) N3uvi ydd ENOW .98 O SV  OLLOS ONY #0L ODWOS STWNYE TI¥
g MOULVVIINDG ONY DNvDE 9T 0€ Pouvehing J10H
L4 M Wk B MR ALBNI) ANC agon AHILER ANG LMD Wi M LNRINDD N1 E IO SO
o L 1] oK w0l o - [} o [ 1] o [ 3
| o & 1° : o
N _f \ = o= .
: o T AT ¥
s . i 1 . o0
I d
£1¢ /4 m
& A AN L1 }
Y .
' » —f =] on m
\ V m - 1sans0 avme 2
¥y 7l g0 W58 u
—— n/ e
. / [ ‘
[ ¢ okt
/ .
o o
Hr——aument svww aooe 200 \
| s_ of
! \/
" oy ot
- A WALMCS BUNLEXIN SH0ION m
© NS TSN N 30N -
& N or
& (VD Av1D ALWS
»”
- o

12

Method 101



Downloaded from http://www.everyspec.com

.

.\.
@
- MIL-STD-621A
Ry
14800
% =
y - ,
-4 >
1/
! p—
o™ ] )4 7
p— - ™ 7 ‘
tO00 v
X
4 4
X
& o0
. y 4
2
-4 y ? COARECTED 3804 FERETRATION
-
- ! ':' .00 ! ‘,1,1,
- 2
-]
[ ]
: 3
I -
o 7 It corecTeD 0.14% POETRATION
. A;
4 -+ ]~ CORRECTED FOR CONCAVE-UFTASD BUPE
200 Fi F.i -
. CORRECTED FOR SURFACK IRANCAAARTIES
hosent
-
-}
-] 0.t 0.2 Q.3 a4 0.8
PERETRATION IN IN,
CORRECTION OF STRESS-PENETRATION CURVES
[ 2, 11 T L)

Picury 101-R. Correction of Strerma-penctralion curves.

. - 13 Method 101



35

Downloaded from http://www.everyspec.com

MIL-STD-621A
T2 Decernber 1964

METHOD 102
DETERMINATION OF DENSITY OF SOIL IN PLACE
BY THE DRIVE CYLINDER

1. SCOPE

L1 This method of testing is used for de-
termining the in-place denaity of cohesive,
fine-grained soils.

2 APPARATUS

2.1 Drying equipment. Oven or other suit-
able equipment for drying moisture-content
samplas.

22 Balamcss. A balance or scale of 10-kg
capmeity accurate to 1.0 g, and & balanes of
500-g capacity accurate to 0.1 3.

2.3 Drive cylindern. Two types of drive
cylinders of 0.01-cu-ft capecity conforming
to the details shown in figures 102-1 and
102.2.

24 Drivehsad. Two types of driveheads

and appartanances conforming to the details
shown in figures 102-1 and 1022,

$5 Mincellaneous equipmeat. Ten-pound
sledge hammer, ¢in. Iwan-type suger,
shovel or spade, steel straightedge with one
sharp edge, 8-in.-long butcher knife, seam-
less tin cans with lids.

S. TEST PROCEDURE

3.1 Weight and volume of cylinder. De-
termine and record the tare weight and
volume of the drive cylinder in grama and
cubic centimeters, respectively.

3.2 Determining densily and molsture con-
tent sl or near the surface. Place the drive
cylinder on the surface with the sharp edge
down, and seat the drivehead on the cylinder.
Drive the cylinder by means of the drop ham-
mer unti] the top of the cylinder is approxi-
mately 1 in. below the ariginal surface. Re-
move the drivehead, and dig the cylinder
from the ground with s shovel or spade.
Clean the sofl from the sides of the cylinder,
and trim the sample fiush with both ends of
the cylinder, using & straightedge. Deter-
mine and record the wet weight of the
sample and cylinder 22 soon ms trimming
has been completed. Remove the sample
from the cylinder, and obtain a2 moisture-
content specimen of approximately 100 g.
Determine the wet weight of the moisture-
content specimen, and then dry it to constant
weight in an oven at 110" plus or minus 5° C.
(221° to 239°'F.) and determine the dry
weight.

33 Determining density and moistare con-
tent below the surface. Drill a hole to the de-
sired depth with an Iwan-type auger. Clean
the bottom of the hole of logae material
Lower the drive cylinder into the hole with
sufficient length of rod to permit driving
with a 10-Ib sledge hammer, Drive the
sampler unti] the top of the cylinder is sp-
proximately 1 in. below the bottom esurface
of the acger hole. Break the sampler from
the hole. Remove the cylinder from the drive-
head, clean the cylinder. and trim asmple
ends with straightedge. Determine and re-

Methed 1072
22 Decomber 1964
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cord the wet weight of the sample and eylin-
der a8 soon as trimming has been completed.
Remove the sampie ifrom the cylinder, and
obtain a moisture-content specimen of ap-
proximately 100 g. Determine the wet weight
of the moisture-content specimen, and then
dry it to constant weight in an oven at 110°

plus or minus 5° C. (221°* to 239° F.) and de-
termine the dry weight,

1, CALCULATIONS

1.1 The density is calculated as follows:

Weight. of water, ¢

X 100

Moisture content, %o =

Weight _'f dry soil, g

Wet weiza‘t of aample, g

Wet density, Ib/cu ft = X 62.43

Volume of cylinder, cu cm

Dry density, Ib/cu £t =
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LIQUID AND PLASTIC LIMITS O

1. SCOPE

L1 This method describes procsdures for:
(s) preparing samples for the liquid and
plastic limita tests; and (b) determining the
liquid and plastic limits and the plasticity in-
XK.

2 APPARATUS

I
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)

2.6 Liguid limit device. A mechanical de-
vice consisting of & brass cup and carriage
constructed according to the plan and dimen-
sion shown in figure 108-1.

2.7 Grooving lools. Grooving tools of the
type and dimensions shown in figure 103-1.

t8 Surface for rolling. A ground-glass
piate about 8 in. square.

98 Dalezoa A halznes or geals sens{ties

to 0.01 g.

210 If the altarnate procedure described
in 338(b) is used for removing the wash
water, then the following additional ltems

fh) Qnmmlv of Noo & 11 em 1.

AW wrmmprpreg e arem Sy =

tell filter paper.
(c) Tubulated flank (see fig. 103-2).

water, the following additional items will be
required:

(a) Two to four filter candles, as re-

of the size and pore ra-
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(¢) Small manifold and four pieces of

rubber hose as pictured in figure
1002

(e) Vacuum pump or aspirator for ap-
plieation of vacuum.

3. SAMPLE

3.1 Handling and storage. Certain soil col-

lupids, mrﬂn\“lnr!v those in arganie mﬂs une-

d-rgo irreversible changes on drying, and
teats on samples of these aoils that have been
dried ususlly produce lower liquid Umit
values than testa on samples that have not
been dried. Oven-drying will produce even
lower liquid limit values than air-drying.
Thus, although the effect of drying is negligi-
ble for many soils, it is aignificant in certain
instances, These instances cannot be pre-
dicted and can be determined only by com-
paring the liquid limits of dried and undried
samples. Since the test results should indi-
cate the charseteristien that will exiat at the
construction site, it follows that no drying
should be permitted (where drying affects
the resuits significantly) for soils that will
not be subjected to drying either during or

after construction. Thia reatrietion apnlies

B AR P e e P e

upecifically to foundation sofls and to other
soils that will not be disturbed during con-
atruction, such as those to be used as em-
bankment, subgrade, and f\ll materials, since
these soils are rarely ever subjected to signi-
ficant drying. On the other hand, subbase and
base course materials will be subjected to at
least partial drying during the construction
process, In no instance will the construction
operations produce drying that exceeds air-
drying; therefore, no artificial drying should
be employed prior to start of the test pro-
cedures. Based on these considerationa, the
foliowing pretreatment procedures are speci-
fied.

3.1.1 Fur all 80ils except subLases and base

r-nraes, aambles chall be maintained at

ST e e GFswwmers W mERE oA e

Method 103

natural moisture content and no drying shall
be permitted befare soaking {initial step in
processing sample) unless check teats show
that drying produces mo significant change
in the liquid limit.

$.1.2 For subbases and base courses, no
specific messures wili be taken to prevent
loas of moisture between time of sampling
and atart of sosking; however, artificial dry-
ing is not permitted prior to soaking of the
sample.

3.2 Size. The sample shall be of sufficient
size to produce 150 to 200 g of material pass-
ing the No. 40 sieve. If grain-size analysia is
to be made also, the sampie shall be large
enough to furnish sufficient material for
both the grain-size analysis and the limits
tests.

33 Preparation. If the soils contain par-
ticles which will be retained on a No. 40
sieve, the following procedure shall be fol-
lowed to separate the plus and minus No. 40
sieve size material. For soils which are ob-
viously finer than the No. 40 sieve, this pro-
cedure is unnecessary.

31.3.1 Place the scil sample in one or more
pans as necessary, cover with water, and
soak for 24 hours.

Nots, A shorter soaking time may bs used when
tests show that it will not affect the results.

3.1.2 Place empty No. 40 sieve in a pan.
and pour the water from the sampie over it.
Add water, if necesaary, to bring the surface

of the water to anﬂmrlmntﬁlv 145 in, ahove

™ aawima

the mesh of the sieve.

3.3.3 Place a portion of the soaked ma-
terial, about 1 Ib. in weight, in the water
on the sieve and stir by hand while agitating
the sieve up and down. If lumps are retained
on the sieve that can be crumbled between
the thum!s and furefinger, break these lumps
and wnen the material through the aeve,
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33.4 Lift the sieve above the sol) and
water in the pan, and wash the remaining
material with a small amout of water until
the wash water is completely clear.

335 Transfer the material retained on the
No. 40 sieve to a clean pan, and place an-
other increment of the scaked sample on
the sieve.

3.3.6 Repent this proceas unti! all of the
soaked sample has been washed.

.33.7 Dry the materia! retained on the No.
40 sieve in an oven, and dry-sieve on the No.
40 sizve. Add the material passing the No.
40 pieve in this sloving to that already
washed through the No. 40 sieve.

338 Prepare the miuus No. 40 fraction
for testing by one of the following methods:

(a) Set the pan containinyg the wash
waler and minua No. 40 frac.
tion of the aample saide, and do
not disturb until all the soil parti-
cles have settled to the bottom
and the water sbvoe the soil ia
clear. Decant, siphon, or wick off
as much of the clear water as
possible. For soils containing dis-
solved salts and these in which
the wash water will not become
clear in a ressonable time, the
water must be removed by evapo-
ration, using an oven or heat
lamp, until the aoil resches »
moisture content that appears
likely to be just sbove the liguid
limit. During the evaporation
proceas, stir the soil frequentiy
to prevent over.hesting. Chem.
icals may not be added to hasten
the settlement of fines.

{b) Use a No. 8. 11 em, J. H. Munktell,
No. 604 or 597 S&S, or No. |}
or 3 Whatman fllter paper in n
Buchner funnel mounted in a

{c) A

MILSTD-621A

tubulated flask, and filter the
minus No. 40 fraction of soil
from the wash water by applying
a high vacuum to the flask

rapid reduction of the moisture
content of the sample, after re-
movwal of excess water or by wick.
ing or siphoning, can be effected
by spreading the alurry to a
depth of about !4 in. in & dry
plaster-of-Paris mold. The soil
loses moisture through absorp-
tion by the mold until it reaches
the desired consistency. The sizes
and shapes of the molds f{or pro-
cessing samplea vary widely, the
opiimum size depending prim-
arily upon the kind of materisl
snd size of sample to be pro-
cessed, Molds are eaaily cast in
the laboratory using laboratory
pans for both internal and ex-
ternal forms. Pans should be
lightly greased with petroleum
jelly to permit their easy re-
moval after molding. The molds
may be cleaned after use by wip-
ing them with a moist aponge or
rag. They should then be air-
dried for severa! days before re-
use, Placing the moist mold in an
oven to hasten drying often
causes it to fall apart. Prime the
filter candles with water and Iay
them in the bottom of a ree.
tangular metal container. Pour
the washed sample, usually con-
tained in a gallon jar. onto the
filter candles as vacuum is ap-
plied to them through the mani-
fold and hose. Befare the un-
washed sampies are poured. and
in order for the spi! to assist in
the filtering process. spoon the
sangd sizes that have quickly set-
tled in the bottom the iar onto
the top of the flter candles and

Method 109
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then pour the remaining soil sus-
pended in the excess water into
the metal container. If the re-
moved water should become
clonded, the pore radius is too
large and fiver candles should be
substituted.

After the excess water is re-
moved, place the sofl in a sealed
container to eliminste any dry-
ing action untll the test can be
accomplished. T'o remove the scil
from the filter candles, use a rub-
ber seraper. Tests have indicated
that between 0.5 percent and 1.0
percent of the total sample is
ledged within the pores of the
filter candles. This is insignificant
as far a3 affecting the test results
is concerned, and the pores can
be cleaned readily by applying a
back pressure of water to the
candles and flushing after each
ase.

4. TEST PROCEDURE
4.1 Liquid Hmit test.

4.1.1 Definition. The liquid limit of a soll
is the moisture content expressed as a per-
centage of the weight of the oven-dry eoil,
at which two halves of a acil cake will flow
together for a distance of 14 in. along the
bottom of the groove separating the two
halves in a liquid-limit test cup, when the
cup is dropped a distance of 1 cm (0.3937
in,) 26 timea at the rate of 2 blows per sec-
ond.

4.1.2 Sample. Take about 100 g from the
theroughly mixed portion of the material
pasaing the No. 40 sieve (prepared in accord.
ance with the method deseribed in 4.1.8.).

413 Adjustment of mechanicel device.

Mothed 103

41.3.1 Inspect the liguid limit device to
determine that it is in good working order,
thsat the pin connecting the cup is not worn
sufficiently to permit side play, that the
screws connecting the cup to the hanger arm
are tight, and that a groove has not been
worn in the cup from long usage. Inapect the
grooving tool to determine that the critical
dimensions are as shown in fixure 105-1.

4.1.3.2 By means of the gage orn the handle
of the grooving tool and the adjustment

" plate A, figure 103-1, adjust the height to

which the cup B is lifted so that the peint
on the cup that comes in contact with the
base is exactly 1 em (0.394 in.,) above the
base. Secure the aflijustment plate by tight-
ening the screws, C. With the gage still in
place, check the adjustment by revolving the
crank D at a rate of 120 revolutions a minute.
If the adjustment is correct, & alight click
will be heard each time the crank is turned.
If the cup is raised off the guge or nc sound
is heard, make further adjustments.

4.1.4 Place a portion of the thoroughly
mixed s0il sample in the cup over the spot
where the cup rests on the base, and squeeze
and spread it into the position shown in
figure 1038 with as few strokes of the
spatula as possible, taking care to prevent
the entrapment of air bubbles within the
masa. With the spatula, level the soil and at
the same time trim it to a thickneas of about
8 mm at the point of maximum thickness.
Return excess soil to the evaporating dish.
Divide the soil in the cup with a firm stroke
of the grooving tool along the diameter
through the centerline of the cam follower
so that a clean, sharp groove will be formed
(see fig. 103-3). Sandy or fiaky soils may
require several strokes of the grooving tool
to avoid tearing the sides of the groove. In-
crease the depth of the groove with each
stroke, and with the last stroke acrape the
bottom c! the cup clean. Make the groave
with as few gtrokes as possible.
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418 Remove s alice of soll approximately
width of the spatula, extending from
to edge of the s0i] cake u.. right angles

IY:

MIL-STD-621A
hygroecopic maisture can be absorbed. Re-
cord this weight. Record the loas in weight
due to drying as the weight of water.

41.7 Tranafer the soll remaining in the

at loast two additional samples with lower

|
E
|

content of the soll, expressed as s percentage

plus or minus 5°C. (221° to 289°F.), and of the wuight of the oven-dried scfl, as fol-
reweigh as soon as it has cooled but before lows:
weight of watar
Moisture content, % = X 100
weight of oven-dried soifl

“fiow curve” representing the relation be-
tween moisture contents and corresponding
numbers of blows of the cup on a semilog
wlmd

bl o smalodesomse moemdomba os selabeod e
e, Wikl BT LD MY CUUMVCIIILD B VTN LSS

4.1.11 Ligwid limit, Take the moisture con.
tent correanondine tn the interesctlon nf the

SRS SRS LW el VW et antves Weweeee et WE e

flow curve with the 25-biow sbocissa as the
liquid Umit of the sofl Report this value to
the nearest whole number (see fig. 103-5)

4.2 Plastie Dmit tostl.
4.2.1 Defixition. The plastic imit of a sofl

ta the watar svetent sewveesecd as o saw
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for the liquid limit test provided uniform
drying has occurred which has not produced
lumpe. Air-dry until the soil mass becomes
plastic enough to be easily shaped into s
ball. Take a portion of this ball weighing
about 8 g for the test

4.2.3 Squeeze and form the 8-g specimen
into an ellipsoidalshaped mass. Roll this
mass between the fingers and the ground-
glass plate with just enough pressure to
form a thread uniform in diameter through-
-nst its length (fig. 108-8). The rate of rol}-
ing shall be batween 80 and 90 strokes per
minute, counting a atrocke as one complete
motion of the hand forward and back to the

PV ¥ Mgy T & .
Elarung poSition.

4.24 When the diameter of the thread

:
5
F
]
34

shape, and reroll. Continue this action (ie.,
in turn, rolline to a thread 34 in. in diameter,
breaking, gathering together, kneading, and
rerolling) until the thread crumbles under
the pressure required for rolling and the soil
can no longer be rolled into a thread (fig.
103-7). The erumbling may occur when the
thread has a diameter greater than lg in
This shall be considared s satisfactory end
point provided the soil has been previously
rolled into a thread V4 in. in diameter. At no
time shall the operator atiempt to produce

ey

ailyre at exactly Y4.in- diameter by allow-

the thread to reach 14 in., th.a reducing
rate of rolling or the hand pressure, or
, and continuing the rolling without
er deformation until the thresd falls
apart, It is permisaible, however, to reduce
the total amount of deformation for feebly

3B%

plastic sofls by making the initial diameter

of the ellipsoidai-ahaped mass nearer to the
required l4-in. fnal diameter

Neots. The erambling will manifest itself differ-
ently with various types of msoils. Some soils fall
apart in numerous small aggregations of particies.
Othars msay form an outside tubular layer that
starts eplitting at both ends; the spliting pro-
gresses toward the middle, and finally the thread
fafls apart in many small platy particles. Heavy
clay woila require much pressure to daform the
thread, perticularly as they spproach the plastic
limit, snd the thresd finally bresks into a saries of
barrel-shaped segments ench about % to % in in
length.

4.2.5 Gather the portions of the crumbled
soil together, and place them in a tared con-
tainer. Weigh the container and soil, and
resord the weight, Ovendry the aoll in the
container to constant weight at 110" plus or
minus 5°C. (221* to 239°F.) and weigh.
BRecord this weight. Record the loas in weight
due to drying a8 the weight of water.

426 Plastic limit. Calculate the plastic
limit. expressed as the moisture content in
percentage of the weight of the oven-dried
soii, as foliows: °

weight of watar

X 100

Plastic limit, % =
Report the plastic limit to the nearest whole
number, See figure 103-5 for data sheet.

427 Plasticity indezx.

4.2.7.1 Calculate the plasticity index of a
soil as the difference between its liquid limit
and its plastic limit, as follows:

Methed 103

-]

weight of oven-dried soil

Plasticity index = liquid limit — plaatic
limit.

See figure 108-f for data aheet.

4.2.7.2 Report the difference calculated as
indicated in 42.7.1 as the plasticity index,

-exeept uader the fellowing conditions:

@
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(a) When the liguid limit or plastic
limit cannot be determined, re-
port the plasticity index as WP
(nonplastic).

(b) When the mil in extremely sandy,
the plastic limit test shall e

MA-STD-621A

made before the liquid limit. If
the plastic limit cannot be de-
termined, report the scil as NP.

(¢) When the plastic limit is equal to,
or grester than, the liquid limit,
report the plasticity index as NP.
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Frncze 100-3. a. Greopimg ligwid fimit apeeimen.
FICURE 103-4. b. Cloard lignid limit groove.
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Picuns 103-5. Data sheet.
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FUX8 103-8. & Plastio limit datermination.
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FicUEs 108-T. b, Crumbling of ecil thesads at
aria Eaik
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METHOD 104
MODULUS OF SOIL REACTION

stes] proving ring. Elthar is sxtisfaciory for
measuring applisd load, but must be acen-
rataly callhrated

18 =RLlll] AL

218 Thres dicl micromsters, reading to
1/10,000 tn., dial stems, and sxpport.

2.1.7 Clean sand or plaster-of-FParis.

218 Cridding of short pieces of hardwood
or stee! H. or I-beama.

2.1.9 Stopwaich,

2.1.10 Contoiners for undisturbed soll sam-
ples.

2.2 Laboraiory test apparsioe.
221 Consolidomstsr apparatus,

222 Necessory eguipmend for cutting an
undisturbed specimen of the sofl into & con-
solidometer tost ring.

223 Secales, oven, and miscellaneows tools
for making moisture-content determinations.

3. FIELD TEST PROCEDURE.

8.1 The setup of the test apparatus and the
first ioad increment are the same regardlems
of aail type or strength. Following the first
two load incremsnts, ths test procedure is
different for low-strength sofls and high-
strength eolls. The teat setup and loading
procedure are as follows.

Mathed 104
22 Decomber 1994
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311 Preparation of test area. Strip an
ares of the soil to be tested to the proposed
alavation of the snbgrade surface. The
stripped area should be at least twice the
diameter of the plates to eliminate surcharge
composed of il material, construct a test
embankment at least 30 in. in height using
the proposed fill matarial compacted to the
moisture content and demsity that will be
required during construetion. Clear the area
to be tested of any loose materials and maks
+ ievel, Extreme care should be taken not to
-wtarb the aoil in the test ares, especially
in granular material. Apply and lsvel a thin
layer of clean sand or plaster-of-Paris, not
to exceed 1 in. in thickneas on the test area.

3.1.2 T'est apparutus sstup. Seat the 80-in.
diameter bearing plate on the sand or
plastar.of-Paris. Turning or working the
plats back and forth will help to provide uni-
form seating of the plate. Center the 24-in.-
and 18.in.-diameter piates on the 80.in.-
diameter plate, and contar tha hydraulic jack
on the 18-in.-diamster plate. If cribbing is

noeded, crib between the top plata and the.

jack. If a steel proving ring is being used
to mensure Joad, it should be placed on top
nf the {ack and the ball joint used bhetween
«3e proving ring and load reaction device.
‘e load reaction device must be jong enough
ao that its supports will be at least 8 ft from
the bearing plate. A steel beam between two
loaded trucks provides a good load reaction
device. Three dial micrometers shaill be used
to measure deformation of the soil under

load. Place these micrometers so that the
dial atema rest on the hottom 80-in..diameter

—— wes i —

plate not more than 14 in. from the outer
edge, spaced 120 degrees apart Fasten the

micrometers to a frame whose supports are’

at least 4 ft from the edge of the 30.in.-
diameter plata. A typical apparatus setup is
shown In figure 104-1,

3.1.3 Loading pmecdurc. Seat the loading

Mathod 104

o

of 707 1b (1 pal) whan the deajgn thickness
of the pavement will be less than 16 in., or a
load of 1414 Ib (2 psi) when the design
thickness of the pavement is 16 in. or more.
Allow the seating load to remain in place
untll practically complete deformation has
taken place. Then take a reading on all three
dial micrometers, which will be used as the
“zaro” reading. The seating load is also
considered to be the “zere” load. Cyelic load-
ing under the seating load may be used to
assure good seating of the apparatus and
bearing plate. Then, without releasing the
seating load, spply two load increments of
8535 Ib (5 pai) each with each load incre-
ment being held until the rate of deformation
is less than 0.0001 in. per minute. Read all
three dial micrometers at the end of each
load increment. Following the completion of
the 7,070-1b. (10 pai) load increment, deter-
mine the average deflection by averaging the
total movement between the “zero” and 10-
pal increment for each dial. Then computs a
value of K, (uncorrected modules of soil
reaction) using the following formula:

10 pel

average deflection

1f the value of I, is less than 200, the test
is considered complete and the load may be
released. Should the value of X', be 200 or
greater, apply additional load increments of
3,535 b (5 psi) until a total load of 21,210 b
{80 psi) is reached, allowing each load incre-
ment to remain until the rate of deformation
is less than 0.0001 in. per minute. Read all

thres dial micromesters at the comnletion ot

SERS BASANA WALE WSV W sl EmASAs Wa

each load increment.

X.=

3.1.4 Soil sampling. An undistorbed samn-
ple of the foundation material must be ob-
tained for labaratory testing to detarmine
the saturation correction to apply to the fleld
test vailue. The undisturbed aample must be
large ennoth to obtaln two consolidometer

specimens side by aide (i.e. at the same ele-

S2
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vation). Take the sample in a contalner suit-
able for sealing to preserve the moeture con-
tant unti] the laboratory correction tests can
be performed. When the plate-bearing test
is performed directly on cohesive subgrade
from the foundation at the same elevation at
which the test is performed, but alongside
rather than under the plates. When the test
is performed on a granular base course ma-
terial which is underiaid by s cohesive ms-
terial, and when the base course is lesa than
T8 in In thickness, take the undisturbed
sample from the cohesive material at the
bottom of the base course.

32 Load-deformatlon curve. When the

k', valus, a3 computad in 3.13, is less than
200, load-deformation curves need not

ﬁfifiiﬁ.nuwever.wn-m:.vl{ ie is
or greater, it is necessary to plot a load.
deformation curve and correct the curve for

such things as poor seating of the plates,

EE:

square inch) on the plate 1a plotted versus
the average deflection for each load incre.
ment. The average deflection Is the average
of tha thres dial readings between the
“garo™ and the end of each load increment.
If the load-deformation relation plots aa »
straight line passing through the origin, no
correction is necessary. However, If the
load-deformation reistion resuits in & curve
or a straight line not pasaing through the
origin, the curve is corrected a3 shown by
figure 104-2, Generanlly, the load-deformation
curve will approximate a straight line be-
tween the unit loads of 10 and 80 pal. The
conaists of draving a straight
el to the straight-line portion of
curve, through the origin. When

rocting the load.deformation curve, good

eering judgment will be required. If
the curve s nonlinear throughout its iength,
the straight-line correction will be based on
the ‘average alope of the curve through at

Eié

‘l

g
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least three points in the region of the curve
Mﬂnstnemcummm

A3 Ap uncorrected modulus of sol reac.
tion, I, i» computed from the field test data
using the formula:

10 psi
X,=

average deflection

When & load-deformation curve is unneces-
sary, as outlined in 8.2, the average deflec-
tion fs the average of the total deflection
vocorded on each of the three dial
micrometers between the “zero” and the
ecompletion of the load increment If a load.
deformation curve is required, the average
defiection is read from the corrected curve at
a load of 10 psi. The value of k', computed
from the above formula must then be cor-
rected for bending of the bearing piates and
and saturation of the soil as outlined in the
following paragraphs.

3.3.1 Correction for bending of the plate.
There is s certain amount of bending in the
bearing plate, even when a pest of plates are
used. The bending results in a greater defiee.
tion at the center of the plate than at the
rim where the deflections are measured.
Sines the modulus of soil reaction is actually
a measurement of volume displacement un-
der load, the lower defiections measured at
the rim result in a ¥, value higher than
actually exists. The amount of plate bending
{s related only to the strength of the soil
being tested. Hence, for any one k', value,
the correction to be made is always the sams.
This correction has been determined by test
and is shown by the corve in figure 104-3.
The correction of k', 13 made by entering the
plot in figure 104-8 with the computed value
of k', en the ordinate and projecting hori-
gontally to the intersection of the plotted
corve. The corrected valoe for the modulua
of soi]l reaction, k', iz then determined by
projecting vertically to the abscizsa of the
pliot and reading the value.

Method 104
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2.3.2 Correction for saturation of the soil.
The design of pavement is generally based
upon the modulus of soil reaction when the
soil is saturated. It is not feasible to saturate
the soil in the field prior to the field test and
seldom will the soil be in a saturated condi-
tion in its natural state. Therefore, the field
test value must be corrected to reflect the
vaiue that will obtain when the so0il becomes
saturated, Cohesionless soils are insensitive
to saturation, and when the field test is per-
iormed on this type seil, the correction for
saturation is not necessary. The most ap-
plicable method for correcting for satura-
tion is through an adaption of the consolida-
tion test. The correction test will be made
on undisturbed specimens of the soil from
the location of the fleld test. For the case
where a field test is performed on the sur-
face of a cohesionless base course material,
but which is underiain by a cohesive soll, the
saturation correction will be detarmined by

tests on the underlying cohesive mntarm._

The aaturstion correction factor Is the
ratio of the deformstion of the consolidation
specimen at the natural molsture content to
the deformation in a aaturated specimen un-
der a 10-pai loading. Two specimens of the
undisturbed material are piaced in a con-
solidometer., One specimen will be tested at
the in-situ moisture content, and the other
specimen will be saturated after the seating
load has been applied. Each specimen is then
subjected to the same seating load (1 or 2
pai) that was used for the fleld test (see
3.1.8). The seating load is allowed to remain
on the in-situ moisture-content specimen un-
til all deformation occurs, at which time a
“zero” reading is taken on the vertical de-
formation deal. Without releasing the aeat-
ing load, an additional 10-psi load is applied
1o the specimen and allowed to remain until
all deformation has occurred. A final reading
is then tasken on the vertical deformation
{ial.

Method 104

The other specimen is allowed to soak in
the eonsolidometer under the seating load (1
or 2 psi). After the specimen is saturated, a
“zarc” dia! reading is obtained ; then without
releasing the seating load an additional 10-
psi load is applied. This load is allowed to
remain on the specimen until all vertical
deformation has occurred, after which a final
reading on the dial ia obtained. For nsoils of
certain types, the specimen may, swell under
the seating load as it becomes saturated.
Swalling of thwa matsrinl will rosnlt in extr.
sion of material above the top of the con-
solidometer ring, a0 that when the 10-psi
load is applied, the material may aqueeze out
over the ring rather than consolidate, which
will lead to erronecus results, To prevent
this, when dealing with & swelling-type soil
or ane that is suspected of being a swelling-
type soil, the consolidometer ring will not
be completely filled with soil. This can be ac-
complished by trimming the top of the apeci-
men a sufficient amount, generally 1/18 in.,
to alow for the swelling, When the specimen

for ssturation is trimmed to allow for awell- -

ing, the apecimen to be tested at the in-situ
moisture content will also be trimmed an
equal amount so that the heights of the speci-
mens will be equal at the beginning of the
[# 1 8

The correction for saturation will be ap-
plied in proportion to the deformation of the
two specimens under a unit load of 10 psi
as follown:

_ 4 b )
k—hXb + —75—[1—-'5}4’

where

k = corrected modulus of soil resction, 1b
per cu in,

k. = modulus of goil reaction uncorrected
for saturation, Ib per cu in.

d = deformation of a consolidometer
sperimen at in-sifu moisture con-
tent under a unit load of 10 pai.
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4, = daformation of s ssturated eonsolid.
ometer under a unit load
of 10

b = thickness of base course material, in.

In no case will & valus of d/4, greater than
1.0 be used in the above formula. This

MIL-STD-621A
]

formuls is applicabls for the computation of
the corrected k valus, whether there is a
granuiar base course or not. However, if
the basa course is 75 [n. or more in thickness,
a saturation correction for the cohesive sub-
grade material will not be made.
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METHOD 105
MOISTURE CONTENT OF SOIL OB AGGREGATE

L BCOPE

L1 This method of testing is used for de-
termining the moisture contsnt of sofls and

aggregates proposed for use in flexible pave-
ment construction.

L2 Moisture content is defined as the ratio,
axpressed as a percentage, of the weight of
watsr in a given sofl masa to the weight of
solid particles.

2. APPARATUS

231 Oven, preferably of the forced-draft
type, automatically controlled to maintain »
uniform tempsrature of 110* plus or minus
5* C. (221° to 239" F.) throughout the oven.

i3 Baiances, sanaitive to 0.01 g ior sam-
ples waighing less than 60 g; 0.1 g for sam-
ples weighing 50 to 500 g: 1.0 g for samples
weighing over 500 g.

2.3 Specimen containers. Seamiess metal
containers with lida. The cantainers should
be of a metal resistant to corroaion and not
sabject to change in weight on repeated heat-
ing and cooling. The containers should be as
«mall ss practicable in relation to the amount
of material to be used in the determination.
Fuor routine water-content determinations in
which specimens weighing between 100 to
200 g are used, a 2-in.-high by 8)4-in-dis-
mater container i considered asdequats.

3 BAMPLES

moisture-content determination will gen-
arally depend op the maximom sims of part-

cles, the smount of matarial availabls, and
the requirement that the sample be repro-
pentative of the matarial for which the
determination i made. When the watar is
not tniformly distributed throughout the
sample, larger specimens will be neoded than
would otherwise be required. For routine
moistare-content determinations on material
pasaing a No. 4 sigve, specimens weighing be-
twessen 100 and 200 g are considered ade-
quats. A minimum sxmple weight of 500 g is
recommended for material having a maxi.
mum particle mize in the range of the No
¢ to %,-n. sieves, and & minimum sample
weight of 1,000 g is recommended for ma.
terial having a maximom particle size in
the ranee of the 84-in to 114-in. sloven.

4 TEST PROCEDURE

4.1 Record all identifying information for
the sample, such as project, boring number,
eample number, or other pertirent dats on
s data shest (Fig. 105-1 is a typical data
sheet.)

4.2 Record the number and tare weight
of the sparimsn container,

WEEW e —" - =

tainer and wet aoil by weighing on an ap-
propriate balante.

44 Before the specimen is placed in the
ovep, remove the lid. Place ths lid under
and container in the oven heated to 110° plus
or minus 5°C.' Leave the specimen in the oven

YLty even dryitng of 110°C, dem oot mmit ks sullnhle veiwesuhmt sales Ay s amtairtagy YRR o shend-
Smat smsunts of ergaals material Ralishis weter<satest valne fiv thae o> s o shintnel by &rytag b oo ovm o T9°

= 3 0. o v s deslecxtion.
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untll it has dried to a constant weight. The
time required for drying will vary depending
on the type of acll, size of sample, oven type
and capacity, and other factors. The in-
fluence of these factors genmerally can be
estahblished by good judgment and experi-
ence with the aofls being tested and the
equipment available {n the laboratory. Whan
in doubt, reweigh oven-dried samples at peri-
odic intervals to establish the minimum dry-
ing time required to attain a constant weight.
.t rogtine molstare-content determinations,
, :myples consisting of clean sands and gravels
should be oven-dried for a minimmm of 4
houra. For most othar soils, a minimum dry-
ing time of 18 hours is conaidered adequate.
Dry soil may absorb moisturs from wet
samples; therefore, any dried samples must
be removed bafore wet samples are placed
in the oven.

4.5 Aftar the sampila has drisd to constant
weight, remove it from the oven and lot it

{weight of tare plus wet sall) — (ﬁ#d‘mr.‘mhmﬂ)x:l

cool until it can be handled eomfortably with
bare hands. If the sample cannot be weighed
immediately after cooling, it should bs placed
ih a desiccator. If a sample is laft in the open
air for a considerabls length of time, it
will absorb moisture,

4.8 After the aampie has coolad, detormine
fts dry weight and record it on the data
ahest (fig. 105-1).

5. COMPUTATIONS.

531 The following quantitiss are obtainad
by direct weighing:

(a) Weight of tare plus wet aoil, g.
(b) Weight of tare plus dry sofl, g.

6.2 The watar content in percent ia equal
to: :

00

(weight of tare plus dry sofl) - (tare)

We
wh = fw—x 100

where

w% = water content in pareent
W. = wuight of watar in grams.
W, = weight of dry soil in grams,
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