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Introduction

For many yeers road builders have xnown that
the performance of a rocd depended on the properties
of the soil thet it contained.

.8 meny &s fifteen years ago & government bul-
letin stated:

"In genersl, the physicul characteristics of
gravel which determine its suitsability for use in
surfacing & road sre:

1. The dursbility of the pebbles or rock freg-

ments

2. The quality of the binder

3. The grading of the vebbles, &nd,

4, The pronortion in which the binder is present."

Later in the seme booklet uppesars the following
persgraph:

"The st¢nd content should be &t least twice as
great £s the cley content; and the s.nd &nd clay,
when thoroughly mixed should be sufficient to fill
the voids between the larger gravel verticles.”

Control snd correct proportioning of the con-
otituent pesrts of the road surfaces has not been
easy, however. Charucteristics of the materials
very in different localities, &nd relitble methods
of messurement were not avuileble to comnere the
merits of different soils. Until ver} recently the

men who heve become proficient in proportioning



soil matericls have done so onl; through jeers of
experience by the trisl end error method.

During the last féw years & greut deel of pro-
gress hes been made in improving meens for messure-
ment of the cls; content &nd properties of the com-

bined ssnd-cley filler.

80il Theories

The most commonly &accepted definition of ste-
bility is resistance to leteral flow when loaded in
all kinds of weather or 611matic conditions,

Stable roed surfsces ere mixtures of & number
of 80il constituents, each of which contributes cer-
tein properties to the mixture in & menner similar
to that in which the comvponent perts of concrete de-
termine its chsracteristics.,

The three reyresentutive t;res of soils commone
ly found in rosd stsbilizetion work sre &s follows:

l. Grevel &nd sand---Soils high in frictionel

constituents, and containing little or no
cohesive meteriel,

2, Clgys=~-==So0ils high in cohesive meteriels

and containing little or no gravel or sund,.
Commonly used to stsbilize gravel &nd send
mixtures which &re low in conhesion,

3. Gravel-sand-clay mixtures---Soils which con-

tein aoprecisble proportions of both



frictionel and cohesive muateriels, Sﬁa-
bilized roud meteriesls esre included in
this type.

Of these types of soils,vdry gand, &nd wet
clsy, &nd, to & lesser degree, loose greavel &re un-
stable.,

£11 so0il und gravel rosd behsvior can be ex-
pleined in terms of the presence or &bsence of the
following five basic soil properties:

Internel Friction---the resistence of soil
greins to sliding over esch other,

Cepillarity--~the &bility of & s0il m&ss to
transmit weter in sll directions regardless of the
sction of gravity; or other forces.

Cohesion--=the stickiness of soil greins or
their resistence to being pulled &pert.

Compressibility--~the &bility of 8 so0il ms&ss
to be compacted without lstersl movement &nd withe-
out loss of water or sir from its pores &nd to re-
maein after removal of load.

Elasticity--~the ability of & soil to be com-
pacted without loss of wster or uir from its pores
end to rebound after the removal of losd.

Of these five properties, only internsl fric-
tion and cohesion are desirsble to road surface sta-

bility.
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When dry &nd free of cley, grevel. &nd cosrse

-

end fine sand possess only internual friction, *e-

sistance to sliding is greatest when the particles

are rough end have sharp angulsr sides &snd is least

when the perticles sre round lixe pebbles &nd beach

sands.

Frictionel properties &re best determined by

mechanicsl enelysis,

Cohesion is supplied in eny or all of four ways:

1.

2.

3.

4,

Clay confent---Clay supplie® &8 sticky cosat-
ing to soil grains and provides & resistance
to being »nulled spart., IZxcessive amounts of
clay, however, upon becoming wet, lubricate
the sand particles and csuse wet westher in-
stability.

T'ater content---In & limited esmount, mois-
ture provides some cohesion. This is demon-
strsted by observing the difference between
wet and dry sand.

Compsction---Bringing surfeces into close
contact,

Proper grzding---Increasing the asmount of
surfaces in contsct with esch other by cor-
rect proportioning of the sizes of grain

used,

Cohesive properties ere measured by measns of

two tests, cslled the liquid limit and plestic limit,



Let us summarize, then, the properties of gre=
vel roads by ssaying that for a stable road, especisal-
ly in wet weather, both internal friction and cohe-
sion sre needed, and that these may be furnished by
a8 correct emount of sand and clay together with the
right proportion of silt to provide embeddment for

the sand grsains,

Soil Tests

In the study of gravel and other road soils,
writers generelly refer to the materiel retained in
the 10-mesh sieve as coarse material or grevel, &nd
that passing the lO0-mesh sieve is oslled the soil
mortar. This latter fraction conteins all the ssnd
end finer materisls from the originsl mixture, sand
its properties greatly influence the behavior of the
sample.

The physical tests thet sre usu&lly run, how-
ever, are carried out on that portion of the soil
which passes the 40-mesh sieve, &nd the properties
of these soreenings are &ctually messured. This
portion of the soll is called the soil-fines, It
hes been well established that & gravel having &
stable soil-fines fraction will have very good sta-
bility even though it is contained in & large egmount

of grsevel whose stahility range veries widelye.



It haes been previously stated thaet the stable
properties of & soil mixture may be messured in two
weys-=--mechanicel snelysis snd plestic und liquid
limits, Of these two tests, the latter was used in
an attempt to correlute the relstionship between the
‘coheslve properties of different soil mixtures,.

Before describing the laboratory procedure fol=-
lowed, it might be well to consider the definition
and values of the tests used.

1, Plestic 1limit test---A mesns of finding the
moisture content at which soils conteining
cohesive materisl psss from the solid to the
liquid state.

2, Liquid limit teste--A means of determining
the molisture content at which soils pess
from the solid or plastic states to the
liquid stsate.

3. Plesticity Index---L means of messuring the
cohesion of & so0il under demp conditions,

It is the difference between the two pre-
ceding values,

Vhen water is added to & sample of soil=-fine,
it becomes sticky &nd grsduslly assumes & stete in
which it is plastic, that is, it can be formed into
& shape by the hands. The emcunt of water which

must necessaerily have been added to cause the mess



to reach this stete wss the meesure of the plastic
limit test,

If more weter be added the mixture will change
from a condition in which it was plastic to one in
which it is not able to hold its shaspe when it is
placed in & receptacle &nd 1lightly tapped. The
total quantity of water sdded is &sgalin messured &and
this becomes the samount of the liquid limit test,

If we then subtract the smount of water for
the plastic limit from that of the liquid limit, we
have left the smount of wuter necesssry to cause the
change from & plsstic to & liquid state, or in other
words, a measure of the cohesiveness of the soil

mixture,

Laborstory Procedure

Lfter the various samples ere recelved by the
leboretory, they sre filed, graded, and recorded &c-
cording to standard prectice. Only the soil-fines
or "through 40" meteriasls &re used in these tests.
The totel smount of this materisl is mixed thorough-
ly in order that the results shall be & reliable
figure for the mixture.

"Por the Plastic Limit Test about 20 gms. of
"thru 40" materiel are used. They &re put in an

evaporsting dish and mixed with water until plastic



enough to be eesily shaped into & bell., A small
vortion is formed into & ball &nd rolled inté &
thread one-eighth inch in dismeter, If the soil
can be rolled to this diémeter without crumbling,
it is too wet., If it crumbles so thet it cunnot be
rolled down to this diesmeter, it is too dry. The
moisture content should be so sdjusted by the &d-
dition of either water or dry soil that the soil
starts to crumble as the dismeter &pproaches one-
eighth inch, and that when one-eighth ihch is resched,
the so0il thresd hes broken into seversl short seg-

ments. The sections of soil thresds sre pleced in

PLASTIC LIMIT TEST

Above plastic limit
At plastic //y

Ve //

Glass plare

& . diameter’)

the oven to dry at 105 degrees C. After two hours,
the samvle is reweighed.”

The weights sre recorded in 8 manner similsr
to that shown following the explanation of the
liquid limit test.

"For the Liquid Limit Test, &bout 15 gms. of
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the "thru 40" materisl are added to the plestic mix
remeining in the evaporating dish, The mass is
thoroughly mixed and water is sdded until the mix-
ture becomes pasty., It is then smoothed with &
spatula into & layer sbout three-eighths of &n inch
thick at the center, A groove is made in the wet
soil with the grooving tool at right angles to the
edge of the evaporating dish, dividing the soil into
two portions, The groove must extend through the
80il down to the dish so that the dish is cleerly
visible &t the bottom of the groove. The upper
surface of the grooving tool must come flush with
the surface of the soil at the deepest pert of the
groove. This shows that the groove is exactly three-
eighths of an inch deep. Having the groove exactly
this depth is very important. The dish with the
semple is placed in the liquid limit machine with
the groove in the soil opposite the mark on the
machine., The sample is given ten blows by meeans of

ten turns of the crenk,
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"If the lower edges of the groove do not Jjoin

with ten blows, the soil is too dry &nd should be ”. o

moistened, If they Join Before the ten blows heve ,L“rf

been struck, the soil is too wet and dry soil shouldl\\v\"F(’L:;“’;,,L
be added. The edges &sre considered joined when ; Jt:?a
they 8re in contact and cannot be separated along ‘{dféﬁ%

the originsl line of division when carefully pulled
apart with a spatula, When the lower edges have

just joined safter ten blows have been struck, tre

LIQUID LIMIT TEST

Before fest

After fest

moisture content is equel to the liquid limit., A
small nortion of thet pert of the ssmple which hsas
flowed is transferred to & weigh bottle and weighed.,
The sample in the weigh bottle is dried for two
hours at 105 degrees C, and reweighed.,"

The Plasticity Index is equal to the difference
between the liquid limit &nd the plsstic limit,

Vhen working with soils of low plssticity indexes
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Semple Recording of Plastic Limit end Liquid Limit

Tests,

Semple 5134
llo. of weigh bottle and

identification of test PL138 LL134
(a)Wt,0of wet sample & weigh btl.- 14.944 15.483
(b)* ™ ary " & " " - 14,786 14.977
(c)" " weigh bottlee=een-c-caa- 14,036 13,975
(d)* " dry sample only,b = g==~ 750 1.002
(e)" " wgter lost, 8 = beeeccca-- 158 «506
(£)% of water % X 100===mmacmnnn- 21,5 50,5

(g)Plasticity index-=----ccceem-- (29.0)
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the operator may hage some difficult; in adjusting
the moisture content so thet the soil ribbon will
breek apert st just the right time during the rlas-
tic limit tests In & mixture of this sort & feairly
wide variation in moisture content is herdly notice-
able in the sction of the ribbon &nd ce&re must be
exercised to secure accurste results. The liquid
limit point for this type of soils is more essily
defined, There isvsuslly & relectively smsll mois-
ture content &t the liquid limit and the grooving
tool will meke & clear division so that the point
or points of joining will be e&sily discernible &nd
the results should be feirly esccurste, if ressonsble
care is exercised,

Conversely, with soils of high plastic index,
a very small amount of water need be added to bring
the mixture to the liquid limit. The natural ten-
dency of the beginner is to add an excess of wseter,
end, of course, more of the soil-fines will need to
be added to lower the moisture content to the plas-
pic limit, This point is fairly easy to &scertsin
if the operstor uses ccution in rolling and Jjudging
the fitness of the sample. Por these soils with
high plasticity index, the liquid limit is the har-
der to determine. Because of the high weter content
et the point, even a skilled operstor mey heve &

hard time drawing the grooving tool through the soil
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pet to form & well-defined, firiz line. The so0il
mey have & tendency to oling to the tool &nd mske
the sides of the groove hollowed out., This, of
courgse, decreeses the accuragcy of the test, so

care must be taken to make a good groove., Here
&gain a feirly lurge varlation in moisture content
will not chenge the action of the test & great deal
80 that the onerstor must be very observant to de-

termine the true plastic limit,
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Datea

Before sending the ssmples to be used in this
series of experiments, The Dow Chemicsl Company very
kindly ran mechanical &snalysis and approximate glae-
tic and Liquid Limit tests on them &3 & check to the
writer in order to eliminate chance of error insofar
a8 possible,

The first step then wes to verify these plesti-
city snd liquid 1liwmit results. In general, the ver-
ifications on the following page were quite similar
to the figures with the materiasls., The next thing
to do was to make combinations of the soil samples
to determine if the plssticity indexes followed &
straight line varistion sccording to the proportion
of constituents used. Take & simple example for
instance:

A gravel may have & plaaticity index of 2 &nd
8 clay one of 42, If we take & mixture of 507 of
esch material and run tests on it, we might expect
the combination to have & result equal to half the
differences between the two plesticity indexes, all
added to the smaller index ([(42+2) ¢ 2]+2) or 22,
Similarly, for & mixture of 25% of the clay and 75%
of the gravel we might expect & plasticity index of
12 and for one of 75% clay end 25% gravel an index
of 32, Theoretically, the varistions should occur
along & straighﬁ line in & manner similar to this.

From tests by The Dow Chemicsl Compsny, it
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Mechanical Anal, Physiocsal
__% by Veight Test
g S0kl
- Grave 3 Fines
<l ¥ o Q Q)
o 9l 8 |9 ‘ Q
3 858 8 IR
) RIS kﬁ g N
N S| Y| sIg| ¢ NEEEN
Y NEY BRI N
NI EE IS TN AN :
§ R NERIRIF MR 'E
) X[ B8 S| N 8
NE IR N Q
vl u g\\"ﬁ
Mesoription of NINE RN 8-&‘*
Sample | 3 Q
A. Standard Samples
1400 | Sand=-Clay 0/|0|0 [0 0 {67({14|19 R0.5(10.5
2412 | Clay 0/|0|0 [0 DO |11]13|76 56 36
B. Samples for
esting
l.S0ils low in
cohesion,
2510 | Surface Soil ;Barry Co.
Michigan (0/1/30(18 21|22 4| 4 14.9| 1.5
2557 | Road Metal:liidlend Coq
Michigan |0/0|32(20 13/ 23| 6| 6 16.6| 3
Bank Sand; " 0/0| O] O012/88| O 0
871 | Pit gravel; " 0/0/20 35’17 23| 3| 3 16.28| O
6172 | Road Metal ;Brown Co., 1
Indiana [0/ 0|14|13 20/ 26(16|11 19 2.5
6506 | Creek Gravel:Johnaon
Co.,Indians 2/6/40(11 10/ 10(17| b |28 3.5

passing lo. 10 snd retained on No. 40 sieve.

¥ ¥or practlioal purposes coarse Sand 18 considered &s
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lechenical Anslysis [Physical
Per Cent by Veight Test
Soil
Gravel gFinea
| g
olg| O
) Q : 0 . -'\
;: & 9 Q N Cl O
~ SRR R
3 NENERIRIFEE: § |3
Q\ E\Q '\& N 3 ‘?\
§ NENEY R IR N S
S NEIRIEB RV RIS S
D) | R 8| O|8(% o NN N ~
0o \\ N {3& V) N v
" v BN \
RN NN
 Description of | Q 8| 8 g's 3
Sample L ‘Lu‘li
 }
B 2. Soils with
considerable
cohesaion,
5134 | Clay,Wisconsin 0 0| 0| 0 | & 15|58 |31 49 29
5142 " v 00| 0|0 | & 15{51(32 | 47 [R4.3
6192 " sScott,Ind.0 | 0| O |1 |3 8[(44(44 | 43 [19.5
2400 " Minnesota 0| 0| 0|0 |0 5(29(66| 71 [39
£467 " :Iowe 01 0| 0|2 |7 34/28(29 53.435.4
2463 | Caliche;Texas 0V | 0| 0|6 | 3 36|15|40 36 [(19.6

* FPor practicsal purposes coarse sand is considered &s
pesssing No. 10 and retsined on No. 40 sieve.
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has been determined thut soil mixtures having &
plasticity index of sround 10 and graded in the
proper pronortions sre most suitable for stsbilized
gravel road construction.

Keeping this in mind, then, the next step was
to make combinations of the different soil samples,
using the plasticity indexes previously determined
and attempting to combine the materiasls in amounts
that will give indexes of 10.

Taeke for example saemples No.5134(P.I.=29) eand
H0.6506(P.1.53,5)s Since the index sought is iG.
it 18 necessary to find the amougt the P.I, of esch

must vary in order to reach this point,

No. 5134 Noe. 6506
29 10
-10 - 30 5

19 6e0

Therefore the P.I. of Noe. 5134 must change 197
and No. 6506 must change 6.5% to resch the desired
voint, in this case 10, Because the totsl smount
of water change for easch materisl must be the same
to resch the required P.I., 8 8imple proportion will
determine the relative part of each constituent
needed.

6.5 - 1
13 X X = 2.923
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This means that 1 part of No. 5134 (high P,I, ma=-
terial) and 2,923 parts of Lo. 6506 (Low P,I., ma=
terial) should combine to form a mixture with plss-
ticity index of 10, In other words, 10 gms. of

Noe. 5134 and 29,23 gm8., of Ilo. 6506 should give the
desired result when combined.

The percentage of each constituent in the mix-
ture is found by proportioning the relative part of
the constituent to the total mixture and multlplylngbj
100 per ocent. |

No. 6506

%‘%%% x 100 = 74.4% of the total mixture

Noe. 5134
100,0%

:_%%f%% 0of the total mixture

When the tests were run on & mixture of these
proportions, the resulting P.I. wes actually only
8.1, due probably to some error in laborastory tech-
nique, Over the whole range of combinations, some
of the results were sbove 10 P.I., and some below,
80 that when they were a8ll averaged together, there

was very little difference between the theoretiocsal

and actual indexes.



Date for Combinations Used

Pole LilX.

Tow P.1, Leterial High P.l. Leterial
"No. P.le. % 0f Lix No., P.l. % Of X
6506 3.5 74.4 5134 29 25,6 8.1
6172 2,5 71.6 5134 29 £8.4 12,0
2510 1.5 69.5 5134 29 30.5 9.6
871 0.0 65.6 5134 29 34.4 8.6
2510 1.5 52.8 6198 19.5 47.2 11.6
2510 1.5 75.0 2467 35.4 25,0 12,2
871 0.0 48,7 6192 19.5 51.3 10.4
6172 2.5 55.8 6192 19.5 44.2 10.6
871. 0.0 717 2467 35.4 £28.3 9.0
6506 3.5 59.4 6192 19.5 40.6 9.4
6172 2,5 ".4 2467 3544 2246 11,5
6506 3.5 79.6 2467 35.4 £20.4 9.6
Avg.  1.88 50 27,97 50 15.7
P.I. Avg. 1lix, theoretically should be 14,9
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«1
Conglusion

From this series of tests it can be easily
recognized that there is close correlation between
a thoorotiéal straight line varistion and the act-
uel behavior of combinetions of soil samples with
regard to their plasticity index. The variation
from one side of the straight line or the other is
not enough to determine & general formule for the
discrepsncy so that in general it msy be stated
that with reasonable care in performing the plas-
tic and liquid limit tests, for all practical pur-
poses, & strsight line veriation may be &ssumed to
exist between the plassticity indexes of soil samples

in combination.,
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