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PAPER MILL WASTE (AMMONIUM LIGNIN SULFONATES AND SUGARS

AS A BTABILIZING AGENT FOR PALOUSE CLAY

CHAPTER I

INTRODUCTION

ﬁg;ouse Clay, =- A major part of the southeastern corner of the
£tate of Washington is covered with a soil described by geolo=-
gists as a loess, and is commonly referred to as Falouse clay
by highway -engineers, loess is an exceedingly fine gralned
80il of relatively uniform size, It is loose in structure and
has no horizontal stratification, but vertical cleavage 1s
guite common. The thickness of this mantle is variable rather
than uniform due to the method of transportetion and deposit.
It consists of sharp cornered pesrticles of feldspar, quartz,
and numerous other minerals mingled with clay.

L. De. Luck in his investigations into the shear charac-
teristies of Palouse elayl determined its typical mechanical

properties to be those shown in Table 1.

The U. ©. Bureau of Publiec Road textural classification

i lLeon De Luck, "4An Investigetion of the thear Charac-
teristice of Palouse Clay” (Unpublished 11.8. thesis, Dept. of

civil Engineering, University of linnesota, March, 1951

pp 3 2"'14: .



TABLE 1

MECHANICAL PROPERTIES OF PALOUSE CLAY

Rl — e
— - f—

Grain ©ize Per Cent by Weight
Gravel over 2.00 mm 0.0
Coarse fand 2,00 mm to 0,50 mm 0.0
Medium Sand 0,50 mm " 0.25 mm 0.0
Fine Sand Ce25 mm " 0,10 mm 1.0
Very Fine Sand 010 mm " 0,05 mm 7.0
8ilt 0.08 mm " 0,005 mm 61.0
Clay below 0,005 mm 31.0

Liquid Limit 31.0 to 32.5

Plastic Index 8.9 7 1Re2

Specifiec Gravity 2,71

chartl shows that a soil having the graln size given in Table 1
ie a silty-elay. The Highway Researeh Board group index method
of soil elassification®, which uses not only the grain size but
also the liquid limit and the plastic index, shows the soil to
be an A=-4 (8) or A=6 (9), and this i¢ again in the silty-clay
group .

@oils of the silty-clay type have low cohesive strength
and a low value of internal friction., High caplllarity, low

permeability, susceptibility to volume changes due to moisture

lirthur d. Sruce and John Clarkeson, Highway Design and
Construction, (34 ed.; feranton: International Textbook Co.,
7 p. 2 0-

2L, 7. Ritter, Jr. and R. J. Paguette, Highway Zngineer-
ing, New York: (The Ronald Fress Co., 1951), pp. %80-189.
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‘and frost amction ere also characteristic of this soil. Upon
saturation, this soil becomes sof't and compressible, but when
dry it readily separates into individual particles., &Silty-clay
soils are considered to be from fair to poor as a road building
material, and for good results some method of treatment is
necessary.

Stabilizing agent.~-The stabillity of any material i1s defined as

its abillity to resist deformation under load; therefore, a stabi=-
lized road surface is one that will stay in place regardless of
weather or load conditions. Soil stabilization may be defined
as the improvement of local soils to produce a firm material
capable of supporting given traffic loads under all weather
conditions, by the combination and manipulation of these soils
with or without the aid of admixtures.

In the interest of economy in highway ceonstruction, the
" use of local materials, or readily available materials, to pro-
duce these stable mixtures ies a paramount consideration to the
designing engineers. The most efficient and economical method of
producing a satisfactory subgrade maeterial 1s of course the com=-
bination of local materials. In many areas, such as the Palouse,
guitable soil materials that might be combined to produce a stable
g0il are not readily available; therefore, the use of stabllizing
agente or admixtures such as bituminous materlals, Fortland cement,
various chemicals, etc. must be used to gain an improvement.

The purpose of a stabilizing agent in Palouse clay should

be to improve its supporting strength and its resistance to
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ather by increacses in density and cohesion.

sper-mill waste.--fulphite waste liquor, commonly known as

paper-mill waste, 1is a by=-product of wood pulping by the sul-
hite process. Orzan Al, whieh is the particular product used
dn this study, is produced from the sulphite proeess using an
ammonia base, Table 2 lists the technical data for Orzan which
are pertinent to this studye.

TABLE B

TROHNICAL DATA TOR ORZAN A*

Physical Troperties of Orzan A 3 per cent Ha20

GOlOE o & 4 % = 2 & « » » = @& % %8 Li:%;h't Brown
Partlole 8126 ¢« o ¢« ¢« s o o o » ¢« » 0.0004 2o 0,0006 inches
in diameter

E‘peoific GraVi.tyo s & A A4 B® & & ¥ # 1.5
Bulk Dengdty. . « « « o o « 4 5 s + nbout 30 Ibg./ ouns L4,
Melting point (bone dry). + « « « « NONG

Solubllitye ¢ ¢ o ¢ o o o water in all proportions

Constituent Analysis of Orzan
Tercent of total solids

Lignin sulforic aclds « ¢+ ¢« o ¢ « &« 55.0
Reducing sugars as glucose. « « o o 16.7
Alkali liberated as NHz « o o o o & £.8
SUlfﬂte L] - L] - L - L] - . L] L . . L] 106
SRLTAtAd ABUs 4 ¢ & ¢ 2 F ® & B w e 2.0

o
Source: Technical Bulletin 531, Industrial Troducts
Division, Crown Zellerbach Corp.

1

*The chemical by-product of wood pulping by the sul-
phite yrocess using an ammonia base or ammonium lignin sulfonates
and sugars, occurring in fixed proportion....O%rzan 4 is a mix-
ture of organic chemicals derived prineipslly from the nonfibrous
pertions of wood. 'The two major c¢lasses of compounds present
are ammonium lignin sulfonates and sugars.” "Orzan", Technical
Bulletin 5%1, (Morth Portland: Industrial Froduects Div.,

Zellerbach Corp.), pp. 1 and 6.
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ireafter, throughout this paper the terms paper-mill waste,
miphite waste liquor, and Orzan are used synonymously.

lBatenent of the problem.--Palouse clay is well known in highway

prk for its poor qguality as a road building material. The

pad bearing capacities of this soil must be improved in some
gnner before it may be used successfully. This thesis is a
peport of work by the author, to study the effect of paper-mill
iste on the mechanical properties of Palouse elay for road
pnstruction. Although an economic study is not a part of this
aper, such considerstions have been continuously in mind, not

¥y in the selection of the stabilizing agent studied, but also
gonsideration of test procedures and guantities of material
Meed. No sttempt has been made to study the chemicel or physiecal
Bhenges taking plsce within the soil structure due to the addi-
$ion of Orzan, as this field of study is the work of the soll

shysicist and is not to be considered here.



CHAPTER IIX

DISCUSSION OF TESTS

gompaction.--The importance of compacting soils to a high degree
of density and the effect of the moisture content of the soil

on these densities is well known. The stability of soil is
dependent upon its resistance to shear, and this shearing
resistance in turn depends upon the properties of internal
friction and cohesion. These combined properties of a soll

are affected by the amount of voids in the soil and the guantity
of water in these volds. The greater the percentage of voids in
a soll the more unstable the soil is when exposed to high mois-
ture conditions. The lower the percentage of voids the more
resistant the soil mass is to the entrance of free water; there-
ore, the more compact mases is apt %o be more stable,

The density to which any given soil can be compacted is
dependent upon its moisture content and the amount of compactive
ort exerted upon it., If a given soil in an air dry condition
4s placed in a container and submitted to a definite compactive
sffort, a certain density will be obtained. In its air dry con=-
dition the soil particles do not have a sufficient film of
sdsorbed moisture to have mueh influence upon the density, but
as more molisture is added to the soil, before compacting another
sample, the adsorbed film on the particles tends to get thicker
and lubricate or facilitate slippage of the particles over each

6
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her under compactive effort, Because of this lubriecation,
the addition of small amounts of water alds compaction and
eater densities are obtained with the same compactive effort.
fhe limit of increasing densities is reached when enough water
added to forece or hold the so0il particles apart. At this
point water fllls the void spaces except for small amounts of
trapped alr, which remain essentially constant. A further
erease in moisture tends to overfill the voids, but does not
terially decrease the air content. A8 the density of soil is
|bout 2.7, the wet density, as well as the dry density, of the
entire mass will decrease as water displaces the volume other-
Wise occupled by soil partieles. Therefore, it is apparent that
there must be a point of maximum density at a point of optimum
‘moisture content. Thils phenomenon will be demonstrated in
' Chapter 3, in the determination of maximum densities of materials
used.

The real purpose of any leboratory eompaction test is to
determine the proper guantities of water that must be present
in the soil in the fileld to obtain maximum densities from the
type of compaction eguipment being used on the job, To aeccomp-
lish this purpose, any laboratory test which will give a degree
of compaction elosely comparable to that which can be obtained
in the field is to be recommended. Laboratory tests at the pres-
ent time are of three basic types: (1) dynamic, (2) static,
(3) kneading.

Dynamic compaction is perhespse the best known and most

widely used of all laboratory tests at the present time, The
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lard 14010 testl was first developed by R. R. Yroector in
1. but many engineers in recent years have felt that this test
® densities much lower than those obtainable in the field
B improved modern compaction equipment., To remedy this site
fon the standard test has been modified to give values of
er density by inereasing the hammer weight, its height of
i, or the number of blowe per layer of soil. Because of this
mge of compactlve effort, inereased deneities are obtained
the same or lower moisture content. The standard AASHO test
@iste of compacting a series of soil samples with increasing
sure content into a 1/20 cu. ft. mold by dropping a 5 1b.
er having a 2 in, diameter face a distance of 12 in. of free
Op. The soil is compacted in three layers, slilghtly more than
[11ing, the mold, at twenty-five blows of the hammer per layer.
: William Lambe, in a manual for soil testing,a compares the
weral methods of laboratory compaction for silty-clay soils
minst field values and finds that the standard AASHO test
#ves results more closely associated to field compaction than
o the other methods.,
Static compaction of laboratory samples for moisture-

fensity determinetion is not widely used. Most laboratory man=-

s do not even mention this method, and the AACHO does not

lAmerican Association of State Mighway O0fficlals, "Stand-
#d Method of Test for the Compaction and Density of folls,
gandard “pecifications for Mi hway Materiale and lMethods of
Samplins and Test%gg, (6th ed.; washington: american Association
Bf ctate lighway Officials, 1950), Part II 241.

BT. William lambe, Soil Testing for Engineers, (New York:
gohn viley and comns, Inc., 1951), PD. 43-44.
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mde a procedure in its Mfethods of “ampling and Testing. The
p Atself is simple and easy to perform. ZHither the single
mible plunger oylinder may be used with egqual success if
) s exercised in test procedure. To accomplish the test
®oll is compacied in a cylinder by means of a piston or
ons at a set rate of consolidation until the maximum compac-
} effort in pounds per square inch specified in the test has
reached. The teet 1s then repeated on the soil at varying
rees of moisture, as in the dynamic type test.
In recent years engineers in their search for a more
llistic method of laboratory compaction have developed the
pading type compactor. 0One of the early studiee of this type
mpaction was made at Northwestern University.

"seey Fo Ce Rutledge and J. 0, Osterberg at llorthwestern
University in 1946, set up the following desirable charac-
teristies for a laboratory soil compactor device: (1) the
compacting foot should not apply impact to the soil; (2) the
compacting foot should apply a controlled pressure to the
soil for a controlled period of time, and variation of both
the contact pressure and the contact time over reasonable
ranges corresponding to those antieipated in the field
ghould be poseible; (%) the compacting foot should cover a
moderately small portion of the surface area of the soil
gsample being compacted so that shear deformations involv-
ing lateral flow of the soil could take placej (4) the

operation of the device should be as nearly automatic as
pogsible.

The compaction device to meet these characteristics was
designed by J. 0, Osterberg and constructed by Nfrthwestern
University foll 'lechaniocs laboratory in 1946-47.

ly. 1. veRae and P. C. Rutiedge, "laboratory Kneading
of “0il to fimulate Tield Compaction”, Highway Research BHoard
Proceedings of the Thirty-First Annual Meeting, (Washington:
Highway Research Board, 1952i, Kxii, 595,
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In Yay 1948 the Triaxial Iunstitute sponsored the design
d development of a kneadings compactor based on the experience
gained in the use of kneading compactors by the California
Division of Highways. ITn the fall of 1948 the results obtained
from a pilot model constructed at the University of California
were studied and revisions made. In the summer of 1950 arrange-
ments were made by the California Divislion of Highways to con=-
struct several models for their use. The ftate College of
Washington purchased a compactor of the latest design for use
in its highway and soils laboratory in 1952. This was the third
piece of equipment of this type to be put into operstion in the
Horthweat. Thus, this test is very new and its results are not
recognized as a gtandard test, although many solls engineers
feel that more satisfactory results are obtainable than by
methods previously used,
The entire compactor is so built that its action is
under perfect control at all times and practically automatic.
.+« Through a pressure foot shaped like a segment of a cir-
cle, the compactor applies a series of individual strokes
to the specimen as it is gradually built up in a eylin-
drical forming mold and for a certain period after the speci-
men is formed. The mechanical system employs a toggle-
press prineiple powered by an electric motor through a
gspeed-reduction gear, fly wheel, and conneeting rod, On
each stroke, the power builds up, dwells for a fraction of
a second and is gradually released. The end-area of the
pressure foot is 3.2 sq. in., and since the end area of
the specimen in the mold is about 12 1/2 eq. in., particles
not directly under the foot tend to orient themselves in
somewhat the same manner as particles ahead of a roller
during actuaml construction., The pressure exerted on the
epecimen during compactlon is controlled by e comblination
hydraulic-pneumatic ocontrol system. Alr from a high pres-
sure line passes through a pressure regulator into the

upper portion of the oil reservoir. . feeder valve con-
trols the flow of oill from the reservoir into a cylinder
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eontaining a piston, which 1s attached to the lower link

of the press., 'hen the compactor ies started, and as the
sample builde up, the load on the pressure foot remains
constant, since, as soon as the piston tends to exert more
pressure on the oll than exists on the compressed air

above the oil, oil is sgueezed out from under the piston
through a one-way check valve back into the oil reservoir
until the pressures are eqgualized,...Exhaustive studies by
several investigators have shown that samples fabricated

by the above kneading action closely resemble field-compacted
samples in particle orientation and stability....The density
of the specimen fabricated by the compactor can, of course,
be controlled by the pressurf applied on each stroke and

the total number of strokes.

The various methods of compacting laboratory specimens
ve been thoroughly discussed, because it was felt that the

ect of the controlled density of compacted specimens was of

utmost importance, and a description of methods considered
should be presented. Although not to be considered a direct
part of this thesis, a large number of preliminary tests were

de to correlate the three types of tests discussed above., It
was determined that results closely approaching those of the
standard AASHO and field conditions developed by the lighter
sheep's-foot rollers could be obtained with the kneading compactor
using 100 psi foot preesures. As the compactive effort could be
more closely controlled, and this was found to be a very important
feature, the author decided to use the California kneading com=
pactor for all moisture-density determination.
The equipment which is used in these tests discussed

above is shown in the views on Plate I and Plate II.

lcarl e Minor, "Procedures for Testing Stability of
Bituminous Mixtures", Proceedings of Second Annual Road Builders
glinic, (Pullman: The State College of liashington, 1951),
PP 4:5-44 »
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PLATE I
COMPACTION EQUIPMENT

Pigure A -- Standard and Modified AASHO Hammers and Mold

Figure B =-- Special Static Compactor and Cylinder
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PLATE II

e i RN
]

CALTFORNIA KNEADING COMPACTOR
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Q-portinﬂ ftrength.,--Improvement of the supporting strength of

80il through all weather conditions is the main objective in
Bhe use of an admixture in this soil. To arrive at some com=
parative values of bearing capacity of Palouse clay with and
_'thout Orzan, before and after a curing period, and before and
after exposure to weathering cycles, the standard controlled
gtress unconfined compression test was used. A view of this
equipment is shown on Plate IIT. The load is applied to the
specimen, in position on the scale through a loading yoke by
eans of & screw loading mechanism, This load is then trans=~
mitted to the platform scale through the soil sample itself.
‘The vertical deformations of the soll specimen ere measured by
means of a micrometer dial resting on the loading yoke as shown.

‘Weathering.-~-The effect of weather on the durability of a soil

‘ean only be determined by a measure of i1ts resistance to repeated
‘eycles of weathering. is has been stated previously, an excess
‘of moisture and the action caused by freezing will ald in the
destruction of the stability of a soil. A measure of the value
of an admixture would be the increase in the resistance of a
s0ll to the effects of weather cycles. from the use of this
stabilizing agent.

At the present time the only standard procedures for
testing the durability of chemically treatad soils is the pro=-

cedure for evaluating the effectliveness of soil-cement mixtures.

lotandard Method of Wietting=and~Drying Test of Compacted
Soil Cement Mixtures; AASHO Designation: T 135-45 and Standard
Method of TFreezing-and-Thawing Test of Compacted So0il Cement Mix-
tures; AASHO Designation: T 136-45.
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PLATE III

UNCONFINED COMPRESSION MACHINE
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Preliminary investigations revealed these tests were too
gevere for the product under consideration, and, in the opinion
the author, not applicable to a study of this product in their
present form. Therefore, these tests were revised and modifiled

5 fit the material being used in this problem. The purpose of
ghis paper, as stated before, was to study any improvement in

he gtability of Palouse clay from using paper-mill waste as a
abilizing agent, and not as an attempt to compare this material
o other chemical admixtures, such as Portland cement.

Yeathering of a soil may be tested by submitting wvarious
specimens of the material to several cycles of alternate wettling
nd drying and/or oycles of freezing and thawing. When prepar-
ing the molded specimen, the composition of the soll may remain
constant and the compactive effort varied or the quantity of
pimixture varied and the compactive effort remain‘constant,
gepending upon the question being investigated.
ihen following the procedure outlined by AASHO standards
for the wetting-and-drying test, the specimens are first molst
pured for seven days immediately after being molded. They are

L en subjected to eyeles of alternate wetting, by complete sub=-
mersion for five hours followed by a drying period of 42 hours

in an oven at 160°T7,, and then were brushed to remove loose

soale. The cyele is repeated twelve times and the loss of weight,
ﬁqange of volume, and variation in moisture content noted,.

Palouse clay with and without Orzan did not pass a single cycle

of this extremely severe test, so the test was modified as will

J
be outlined in Chapter III.




The wet-dry test is particularly severe on silty-clay
ils. The dry cycle sets up high shrinkage stresses in the
pecimen, which are in turn relieved during the wet period. The
gorption of excessive water forces the particles apart and
estroys cohesion., 'hen the specimen 1s completely submerged

ese particles are carried away and the process repeated until
failure occurs.,

The freezing and thawing test was performed by following
guite closely the procedure outlined by the AASHO standards,
except for the method of curing. It was found that the moist
eure for soil-Orzan mixtures was highly unsatisfactory; therefore
the air cure method waes used. This method more closely approach=-
es what would be actual field conditions as was suggested by

R, C. Mainfort in his report on soil stebilization.l The effeot
of alternate freeze-thaw cyeles is well known, especially when
the specimen is exposed to free molsture during the period of

thaw.

;R. C. Mainfort, A Summary Report on Soll Stabilization
By the Use of Chemical Admixtures, Technical Development RKeporv
Wo. 136, (indianapolie: Civil Aeronautics administration Tech-
nieal Development and Bvaluation Center, 1971), p. 4.




CHAPTER III
DISCUSSION OF EXPERIMENTAL PROCEDURES AND RESULTS

isture~-density.-=rreliminary studies have shown that the point

P maxinun density at optimum moisture, as determined by a
dsture-density test, varied with the compactive effort of the
pooedure used. By varying the foot pressures and the number
applications of loading, the California type kneading compact-
s was easily correlated to standard testing procedures and
ected rield results. Because a light sheep's~foot roller
puld be the type of eguipment most commonly used, where the
pil stabilization under consideration would find favor, it was
pided to use densities such as would be readily gotten in the
Held by this welght roller for this study. To obtain in the
jaboratory, what would be tiie approximate field density expected
eom using & light sheep's-foot roller, a foot pressure of 100
4 and 40 blows to a 2 1/2 inch specimen was chosen,

A8 no standerd testing procedure has been established
lor this specific type test, a procedure was developed by modle
Pying the standard compaction test sueh as 1s found in any seclls
anual or AASHO designation: T 99—491. The variation from the
anderd was in the preparation and compaction of the specimens,

at the calculations and interpretation of results remains un=-

lamariean Association of State Highway Officials, op.cit.,
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nged, The final procedure used was as follows:

l. Weigh out approximately 5500 g. (a2 sufficient quantity
to make up at least seven specimens without remolding)
of a representative sample of air dried material passing
a number 4 sieve.

2. Thoroughly mix the 5500 g, saanple with a sufficient
amount of water to bring the total moisture content of
the sample to approximately 12 per cent.

%« Set mold on its base 1ln compactor, and start ocompactor
in operation. Fill mold with wetted soil at such a
uniform rate that the entire specimen (about 2 1/2 in.
high compacted) will be placed in the mold during the
first 15 applications of load or blows of the compact-
ing foot. After entire quantity of soil is in mold,
allow compaction to continue until the total of 40
blows of the tamping foot has been applied.

4, Remove mold from compactor., Extract specimen from
mold, measure height, and welghs

5. Break specimen and obtain portion from center for true
moisture determination.

8. Mix remaining soil sample with additional water suffi-
clent to incresse moisture content about one per cent
and repeat steps 3 to 5. (Soil once molded should not
be reused.)l This series of determinations should be

continued until soil becomes too wet to compact under

lDonald We Taylor, Fundementals of Soil Mechanics,
{Wew York: John Viiley and Sons, incG., 1948), 570
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foot pressures used. There should also be an equal
number of specimens on the dry side of optimum moisture
as there are on the wet side.
7. The water content, wet density, dry density, voids
ratio, and porosity for each specimen is then deter-~
mined by fellowing standard procedure.

Plotting of the moisture density data results in & curve

prabolic in form such as shown in Figure l. The moisture con=-
mt which ocorresponds to the pealk of this curve is the optimum
gture content, snd the unit welght for this same peak is the
fximun dry density or oven dry weight of the soil at optimum
plsture for the compactive effort specified.

In order to ascertain if any change in density and op=-
moisture takes place with the addition of Orzan, successive
jets were run. First raw Palouse clay was used, then Palouse
f with 4 per cent, 6 per cent and 10 per cent Orzan by volume
g tested,

Complete data and results for the above desceribed mois~
g=density determinations are given in Tables 3, 4, 5, and 6

P the iAppendix. The dry density at the various moisture con=-

ate for each spll sample has been plotted on Figure 1, using
values obtained from the above mentloned tebles. The curves
Bt were then drawn by connecting the plotted pointe show the
;vmum dry density and optimum moisture for each sample., It

be noted that as the percentage of Orzan increases the den=-

increases while the corresponding moisture content deecreases,

gch shows that a higher density may be obtained from the same




DRY DENSITY IN LBS. / CU.FT

A RAW SOIL

no— + 4% Orzan
0 6% Orzan
@ 10% Orzan

95
10 15

MOISTURE CONTENT IN %

Fig. 1. =-- Compaction Curves
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pmpactive effort when Orzan has been used as an admixture.

;ﬁaration of Epecimens for Stability “tudies.--Although very

[iform densities throughout the sample are obtained by the
eading type compactor, there appears to be some tendengy to
wer., As this feature could prove to be a great disadvantage
weathering tests, such as the test methods used in this study,
pme other method of compaction was deemed essential in order to
gsure maximum control. After experimenting with several methods
compaction and specimen sizes, it was determined that by using
fatic compaction to a predetermined volume and density very sat-
j@factory results could be obtained,

In order to be certain that no layering of the sample
pcurred, it was necessary to compact the entire specimen at

pe time. As no eguipment was available sapable of taking the
entire uncompacted volume of the soil gpecimen at one time, the
jauipment shown on VPlate I, Figure B was developed and built.

Phis compactor has an axtpa long cylinder and plunger capable of
wlding enough loose soil to make a 6 inch compacted specimen.

8y using this compactor, which has a diameter of 2 1/2 inches,
and compecting a 3 1/ inch high specimen, good uniformity of
moisture content and density through the specimen was obtained.

. From the curves on Figure 1, the maximum density and 1ts
;optimum moisture content were determined for raw Falouse eclay,
‘and Talouse clay with additives of 2, 4, 6, and 10 per cent
orzan. Using these values proper amounts of soil, or soil and
Orzan, were carefully and thoroughly mixed with the correct

guantity of water to obtain the maximum wet density at its optimum




sture content for the fixed volume of each specimen,

4 total of 10 specimens was molded for each soll
mple: 2 for standard controls, 2 for the wetting and drying
st, 2 for the freezing and thawing test, and 2 for spares.

{al tests had demonstrated the necessity for the two standard

ntrol samples for no purpose other than visual observation,

d the two spares for replacements in case a poor specimen was

yund after the period of curing.

The procedure used for molding the specimens, after the
ntity of soil and water necessary nad been determined, meas=
ped and thoroughly mixed to assure even distribution of mois~
e, was as follows:

l. Carefully weigh outlthe required amount of wet soil
necesgsary to make a single specimen. Immediately pour
thig entire amount of soil into mold, rodding carefully
with a 3/8 inch rod to be certain that there is no
brideging of the soil in the mold.

2, Place plunger in mold and apply load slowly until
specimen has been compacted to desired volume. (This
may be measured by depth to whieh plunger has moved.)
nelease load slowly and allow to stand for approximately
5 minutes, Teapply load until plunger reaches previous
pogition, then release.

3, Temove specimen from mold, weigh, and measure to check
density.

gamples of the wet soil should be taken at freguent in-

rvals for moisture content check. As was found in trial tests,
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at sny time water is foreced from specimen during compaction
it should be rejected, becesuse the calculeted density has been
xcoeeded,

The amount and type of curing of seils stabilized with
hemical admixtures before they are subjected to use is of
great importance. Of the four common methods in use today, two
sre civen consideration and preliminary testing in this study.
£ was found that the moist oure method, which is useélfor
oil-cements, was not as satisfactory as the method of alir-
ying to a constant weight; therefore, the latter method was
mwsed. Another factor, which influenced the selection of method
for curing specimens, was that air-drying of laboratory specl-
mens closely approaches field curing conditions. All speeimens,
lexcept one of each snil sample, were then subject to a curing
period, which lasted seven days, before being subjected to any
further testing.

\lternate cycles of freezing-thawine and wetting-drying.--The

pompacted specimen cylinders were then subjected to the freeze=-
$haw and wet-dry tests, with both tests being conducted simul-
taneously on like specimens,

The procedure followed for the freeze-thaw test followed
very olosely that outlined in AASHO Standards. Tvo gpecimen
eylinders of each soil sample are to be subjected to the cycles
of change at the same time, One specimen, the control specimen
man . wae for determination of volume and moisture chaunges, and
the second specimen "B"™ was to be used to measure soil losses.,

The specimens were first carefully weighed and measured, then
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jJected to the firet 24-hour period of freezing. The A"
@imens were welghed and measured at the end of this period,
then both "A" and "B" specimens were placed in the molsture
dinet, ag specified in the standard procedure, for the 24~hour
od of thawing. At the end of the thawing period, specimen
was brushed with a wire brush as directed, and weighed,

#le specimen "A" was again only weighed and measured. The
Bire cycle was repeated until the "B" specimen of any soll
iple reached a 100 per cent soll loss, then specimen "A" of
jis soll was withdrawn from further oycles of the test. The

a from these tests are shown on Tables 7 to 1l in the

” ppendix.

The per cent of volume change at the end of eaoh period,
plative to initiel molded volume was calculated, and the mois-~
mre content as & percentage of the original oven dry weight of
me soll was also calculated for the same time. Using this cal-
ated moisture content determined for the control specimens
A" and assuming that specimens "B" had a similar molsture con=-
gnt, the loss of soil at the end of each cycle was determined
a percentage of soil loss relative to initial dry weilght.

Figure 2 shows the plotting of the volume changes against
ghe time interval in days, as given on Tables 7 to 11, for each
0il sample. It may be noted that the volume change of soils
gontaining percentages of Orzan is greater than that for raw
ouse clay, It should also be noted that at 15 days or jJjust
B the test was discontinued for the raw soll specimens the vol=-

me change for soils contalning 4 and 6 per cent Orzan was



VOLUME CHANGE - PER CENT OF MOLDED VOLUME
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Fig. 2. == Volume changes during cycles of freeze-

thaw test.
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oximately the same,

The plotting of curves showing the relationship of change

goisture content from time of molding is given on Figure 3,

ghould be noted that most solles had not exceeded the moisture

jgent at whieh they were molded by the time they were with-

mn from the test, and although the soil containing 4 per cent

an had a moisture ceontent of 25 per cent when the test was

pleted there was a volume change of only 7 per cent at that

je. Although this amount of volume change is in excess of

it permitted for soil-cement mixtures, it should not be ser=

i8 enough to cause a great loss of stability.

Figure 4 shows the progressive soil losses for the

gshed specimens "B", and as can be seen the soil sample con=-

jining 4 per cent Orzan was the governing factor for the length

P the freeze-thaw test, This specimen had lost 35.5 per cent

P its orlglinal soil by the end of 9 oycles; whereas, for all

pier soils the loss was 100 per cent by then or before. The

lgeeze-thaw test was discontinued with this cyele as being final,
The wet-dry test was modified to what perhaps should be

led a moist-dry test, because wetting depended entirely on

gbsorption and capillarity for moisture change. Instead of

gbmereing the specimens in water for a period of 5 hours fol-

pwed by a 42-hour drying period in an oven at about 160°F,,

Bhe specimens were first placed in the moisture cabinet (the

game as used for the thawing period) for a 24-hour period and

en followed by a 24~hour drying period in an oven at 140°F,

Whe test otherwlise followed the procedure as outlined in AASHO



dards. Two specimens "e" and "d" were used in the wet-dry
for the same purposes as speoimens "A" and "B" in the freeze=~
test. Other than the fact that the cycles for this particu-
$ test consisted of alternate perliods of wetting and drying
jtead of alternate perlode of freezing and thawing, the procedure
the test, the caleulations, and the plotting of results fol-
ed thaet of the Presze-thaw test completely. The necessity
having the two types of tests is due to the difference in
action of foils where water is concerned 1s quite different
that when frost is encountered; therefore, the results of
Bh wetting and freezing should be investigated. The test data
ts for the wet-dry test are given in Tables 12 to 16 in
Appendix.

The moisture changes during the cycles of alternate
gting and drying are shown on Pigure 5. In this case it may
geen that the raw Palouse-clay specimen is affected more
yersely by moisture changes than those containing Orzan. &oil
mtaining 4 rer cent Orzan varied little in moisture content
tween the wet and dry periode until after the specimen had
assed through five complete cycles. a4t that point, however,
varistions became progresslively greater.

48 may be seen from Figure 6, moisture changes in the
il have a great effect on the volume change for raw Palouse
ey, but soil containing Orzan does not display as great a vol-
ge change from period to period. It may be noted that the soil
having a volume content of 4 per gent Orzan has a small rather

ggular pattern of volume variation up until the time the test
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VOLUME CHANGE — PER CENT OF MOLDED VOLUME

Fig. 5. =- Volume changes during cycles of wet-
dry test.
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discontinued.

A8 seen from the plotting of the progressive loss of
from "¢" specimens on Filgure 7, again the soill sample con-
ming 4 per cent Orzan by volume gave the best results. The
of soil at the end of seven oycles, when the test was halted,
ped a loss of 19 per cent of 1ts original oven dry weight.

It should be here noted that the addition of a small

mtity of Orzan, 2 per cent by volume in thle case, seemed to
poorer results than could be obtained from the raw soil,
far as resistance to freezing and thawing and wetting and dry-
is concerned.

Plates TV and V show ths effect of weathering tests on
different soll specimens. The brushed specimens after ex=-
e are mostly represented by cards stating cyele of faillure,
pause 100 per ceunt failure occurred and thus left no sample
be photographed.

gonfined compression.--Comparative strengths of soil specimens,

B and without Orzan, weathered and unweathered, were deter~
med by using the staendard unconfined compression test. This
pdard procedure is found in any solls manual. The test data
given in Tables 17 to 29 of the Appendix for the various
peimens tested., Typicsl specimen eylinders of all soll samples
re subjected to testing. DBoth those which had been cured only,
those control specimens "a" and "e¢" whieh had besu through
gles of weathering were used. Also as a matter of information,
nreyiously mentioned specimens whieh were held out and noi

ed, were tested., It was rather interesting to note that as



Before Exposure

Unbrushed Specimens After Cycles of
Freezing and Thawing

Brushed Specimens After Cycles of
Freezing and Thawing

EFFECT ON SPECIMENS FROM CYCLES OF
FREEZE-THAW TEST
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PLATE V

10 %
ORZAN

Before Exposure

Unbrushed Specimens After Cycles of
Wetting and Drying

Brushed Specimens After Cycles of
Wetting and Drying

EFFECT ON SPECIMENS FROM CYCLES OF
WET-DRY TEST




percentage of Orzan admixture inereased there was a progres=~
¥e lowering of strength,

Figure 8 shows the comparative strengths of the cured
Boimens that were not subjected to weathering eycles. There

8 & notable improvement in the strength of the soil with the
@dition of the admixture, Raw Palouse clay shows a strength
8lightly over 60 psi, while that having Orzan varies from

psl to 158 ps=i,

On Mesoure 9 are shown the plotted results of the uncon=-
gned test on specimens whieh had been through the cycles of
peezing end thawing., llere the raw soll specimen gives the best
peults, but 1t must be also noted from Figure 4 that this speoci-
&n hed only been throusgh 4 eycles of freeze-thaw test, while
fose containing 4, 6, and 10 per cent Orzan had completed 9,
and 6 cycles, respeotively. This should have some bearing
pon the interpretation of results.

The results of the test on the specimens pubjeoted to
ghe wet-dry test are plotted on Fipure 10. Although here the
av soil only completed three cycles of wetting and drying, the
Bffect was so great that a strength of only 16 psi was obtained;
Whereas, the soll samples contalning 4 and 6 per cent Orzan
attained strengths of 130 psi to 152 psi.
gonclusion.~~Thisg study has shown that there appesrs to bhe an
improvement, from the use of Orzan as a stabillzing sgent, in
those stablility characteristics of Falouse clay that were tested.
A brief review of the preceding test results gives the following

information, 18 the percentage of Orzsn was increased the maxi-
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Fig. 8. -- Unconfined compression tests for soil specimens
not subjected to weathering.
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Fig. 9. -- Unconfined compression tests for soil specimens
subjected to freeze-thaw cycles,
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Fig. 10. =-- Unconfined compression tests for soil specimens
subjected to wet-dry tests.
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} dry density varied directly and the optimum moisture varied
rsely with the same compactive effort; therefore, a more

se mess ean be obtalned with no increase in rolling reguire=-
t8. Tests for supporting strength of the soil samples have
n that as the quantity of admixture was increased there was
provement up to 4 per cent by volume, but beyond this amount
improvement was less. t was found that a curing period
essential for goed results. Specimens containing 4 per cent
gan by volume when subjJected to the cycles of freeze-thaw and
=dry were more resistant than either those with greater or
gser quantities of the admixture. Thus, it seems that by

ng the proper proportions of Orzan with Palouse clay its

ity is improved,

Inasmuch as recent developments in the use of stabilized
ls are creating considerable interest in roed binders, such
terlels as paper-mill waste, whieh can be economically used,
erve attention, This study of this materisl has shown that
does have promise as a stabilizer and should merit further

Budy as a road building material.
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TABLE 17

UNCONFINED COMFPRESSION TEST DATA

Poil sample: Raw Talouse-elay not subjected to weathering tests

Height 3.50 in. Diameter 2,50 in, Area 4,91 8g. in.
A ¢ A P o
Dial Diff.| Strain Corr. Load ftress
in. in. | Ine/in.| 1 =€ Area

sg. fas | Aney lbs./sq. in,

0099 - - 1.0000 4.91 - -
+0111 | .0012 | .0003 « 2997 4,91 100 20.37
.0181 | .0082 | ,0023 « 9977 4,32 200 40.65
.0440 | .0341 | ,0087 « 3207 4.95 300 60.61
0504 | ,0405 | ,0115 . 9885 4,96 400 60.48
—— Seamplle Tailed - 420
& A b G

=ie
|

l -
TN

b



201l sample:

UNCONFINEDR COMPR
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Palouse=-clay + 2% Orzan
weathering teste

TABLE 18

i
¥ et g

I0N TEST BATA

Not subjected to

Height 2+50 in, Diameter 2.50 in. Area 4,91 sg. in.
P =z e et * T '..- -
il iy € A P ey
Diff. Strain Corr. Load Stress
l s E Al‘ea
Ly in./in. sqe in.| 1lbs. | lbs./sq.in.
o P 100000 4 . gl ——— -
20158 0044 « 79586 4,93 100 20.28
« 0441 0126 « 3874 4,97 200 40,24
0559 0160 « 9840 4,99 300 60.12
0837 0182 « 2818 5,00 400 80,00
07153 0204 « 2796 5.01 500 99,80
D773 0281 « 9779 5.02 600 119.52
0861 .02486 . 9754 5.03 700 1%9.16
0944 « 0270 » 3730 5.05 800 158.48
Sample Failed 860 -
—-]?l_ R O = P
1~ € A
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TABLE 19
UNCONFINED COMPRESSION TEST DATA

Soil sample: Palouse-clay + 4% Orzan Not subjected to
weathering tests

Height B0 4in, Diameter 2.50 ia, Area 4,91 8g. in.

= §

Dial i s i g Strain Corr. Load Stress
in. in. in./in, . 8qeine | lbs. | 1bs,/sq.in.
« 0000 - - 1.0000 i 4,91 - -
0145 .0145 .0041 «9959 | 4,08 | 100 20,29
.0281 [ .0281 . 0080 <9920 | 4,95 200 40,40
0414 0414 .0118 « 9863 4,97 300 60 « 36
0468 0468 <0134 « 9866 4.98 | 400 80 .32
0527 0527 - 0150 . 2850 4.98 500 100,40
«0591 0591 0169 « 9831 4.99 600 120.284
0866 0666 « 0190 + 3810 5,00 700 140,00
Sample Talled 720
€= A = - O = -..-.-.,.IJ

h ; i A




'f0il sample:
weatherinz tests

TABLE 20

Palouse~-clay + 6% Orzan

UNCONFINED COMPRESSION TEST DATA

Not subjected to

Teight 3«08 in. Diameter 2.50 in. Area 4.91 8g. in.
—— - W
A € FN P o
Dial Diff. Strain Corr. Load Stress
1 =-¢ Area

in. in. in./in. 8qe«in. | 1bs. lbs./s8q.in.
.0066 (- T 100000 4.91 o (S
0189 <0183 «0034 « 9966 4,93 100 20.28
«0401 « 0335 . 0094 « 9906 4,96 200 40,32
0566 « 0500 «0140 « 988680 4,98 300 60, 84
0685 +O0BBY <0164 « 2826 4,99 400 80.16
L0797 05 L «0204 « 2796 Bl 500 99.80
+1255 «1189 0338 « 3668 5.08 590 116,14

€ = A" = A - P

h 1= € A




foil sample:
weathering tests
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TABLE 21

UNCONFINED COMPRESSION TIEET DATA

Palouse-clay + 10% Orzan

Not subjected to

Height 360 in, Diameter 2+50 in. Area 4,91 sg. in.
T O e N AT TR
e e
4 € A P J
Dial Dire. ftrain Corr. Leoad | Stress
1l - G Area
in. in. in./in. 8qein. | 1bs. | lbs./Bg.in.
.0212 - - 1.0000 4,91 - -
0254 0042 .0012 « 9988 4,92 100 20,32
0347 0135 0037 D963 4,93 | 200 40,57
0585 «O378 « 0104 « 2896 4,96 300 60.48
0877 0665 .0185 . 9815 5.00 | 400 80,00
0961 0749 0208 3792 5.01 | 430 85.83
kST A" A Ml P
bt I=¢ %
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TABLE 22

UNCONFINED COMPRESSION TEST DATA

€oil sample: Raw ralouse-clay fubjected to 5 eycles of
Freeze~-thaw test
Height 3.52 in. Diameter 2.52 in, Area 4,99 s8g. in,
iy = ¢ . o
Dial nire. Strain Corr. [Load “tress
3 "‘é Ar'ea
inc in. iﬂ./in.. ﬂq.in- lbs- lbs./ﬂq-inl
7525 - - 1.0000 4,99 - -—
« 7365 0160 0045 « 2955 5.01 100 19.96
« 7301 0224 0064 « 9978 5.02 200 39.84
«7250 0275 0078 9922 5.03 300 59.64
7231 +0294 . 0084 . 9916 5.03 400 79.52
7210 «0315 0089 <9911 5.03 500 99.41
+7165 « 0360 ,0102 « 9898 5.04 600 119.05
«7110 .0415 .0118 « 2885 5,00 700 138.61
«6995 « 0530 « 0150 « 9850 5.,06 800 158.10
« 8075 0550 .0156 9844 5.07 820 161.74
69835 0590 .0168 « 9832 5.08 840 165.35
Semple Falled 860
€ .5 A? = e O= _2_
h l= ¢ A®
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TABLE 23
UNCONFINED COMPRESCION TEET DATA

2011 sample: Palouse~glay + 4% Orzan
of Presze~thaw test

Subjeoted to 9 cycles

Height 360 in., Diameter 2.55 in., Area S¢1l 8ge. in.
i sl N 2 2 o
Dial Dift. Strain Corr. load |[Stress
1 =€ Area
in. in. in./in. sq.in. | 1bs. |1bs./8g.in.
.7221 bz sk 1.0000 5.11 W -
« 6980 0261 00728 « 2928 B5.15 100 19,42
6793 0428 «0119 9881 B.1%7 200 38.68
« 6840 0871 <0159 « 2841 5.19 300 57.80
+6475 07486 <0207 . 29793 5«28 400 76.63
« 3450 «0761 0211 « 3789 5,282 450 80,486
« 6401 <0820 0228 « 9772 De2d 440 84,13
« 86336 L0885 0246 « 9754 Hed 460 87.79
20823 . 0298 0277 <9723 5.26 480 91.25
Samplle Pailed 500
( = iy 4'-1&' o A i P
h 1-¢ A’
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TABLE 24
UNCORFINZD COUPRESSION TEST DATA

£o0il sample: TFalouse-clay + 6% Orzan Subjected to 8 cycles
of Freeze-thaw test

Height 3:82 in, Diametexr 2+.57 in. Area 5.19 8g. in,

Py € A T =
Dlal Difrf. Strain Corn. Load ftress
1l - 6 Area
in. in, in./in. sq.in, [lbs. | 1bs./eq.in.
« 8565 - - 1.0000 5.19 - -
« 8292 0283 0073 9927 S5.23 100 19.12
«8108 0459 «0187 2873 .26 200 38.02
8069 « 0496 «0137 « 2863 5.88 220 41.82
8038 0587 =« 0146 « 9854 O+E7 240 45.54
.B002 +0563 «0156 « 2844 5.2% 260 49,34
« 7958 0607 «0188 «93832 0.28 280 53.03
« 7987 .0638 0176 « 9824 D«28 Z00 56.82
7879 0886 0190 9810 D.29 320 60.49
« 7838 0787 «0201 «9799 5.30 340 64,15
« 7760 «0B05 «0222 « 9778 5.51 360 67.80
Sample Failed 380
€ = Py {D = F2y Y = P

|
g




Height

0il sample:
of Treeze-thaw test

25,60 10,

T!

Diameter

67

Palouse~clay -+ 104 Orzan

2‘57 1I1-

UNCONFINED CCMPRESSION TIEST DATA

fubjected to 6 cycles

Area

5,19 sg. in.

€ A P lon
Strain Corr. Load | Stress
1 =€ Aresa
in, in./in. 8q.in. | 1bs, |1lbs./sq.in.
8107 - > - 1.0000 5.19 - -
« 7870 0237 00865 « 9935 5.22 | 100 19.16
. 7745 L0362 .0098 « 9903 524 200 38.17
« 7633 0474 + 0130 « 9870 D86 300 47.03
+7D2b 0582 0159 <9841 5.27 400 75.90
« 7401 «07086 +0193 « 9807 5.29 500 94,52
« 7370 0737 0201 « 97990 530 520 98.11
« 7325 .0782 .0214 + 9786 5.30 540 101.89
« 7260 0847 0231 9769 .31 560 105.46
7180 0927 «0253 « 9747 D82 580 109.02
7050 « 1067 «0289 9711 S5.34 600 112.36
6820 «1277 0343 « 9657 5,37 620 115.46
Samplle Pailed 640
£ (3 s o= e O = e
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TABLE 26
UNCONFINED COMPRESSION TEST DATA

0ll sample: Raw Falouse-clay Subjected to 5 cyecles of
Wet=dry test

Height 3:.30 in, Diameter 2,62 in. Area 5.39 8g. in.

A 6 4 'L' P (&N
Dial Difet . Strain Corr. Load | &tress
1 =£ Area
in, in. in./in. sq. in.| 1bs, [1bs./sq.in.
« 8205 - - 1,0000 5.39 - -
27852 0353 .0098 « 9902 Dedd 10 1.84
« 7800 . 0405 .0112 « 9888 5445 20 3.67
7743 . 0452 013286 . 9874 5.46 30 5.49
7692 0813 0142 . 9858 5.47 40 731
7649 + 0556 0154 « 9846 5.47 50 Jeld
« 7600 08605 .0168 « 9832 5.48 60 16,95
2 7531 0674 0187 . 9813 5.49 70 12.75
Sample Failed 80
6 = - = A O = 13
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TABLE 2%
UNCONFINED COMPRESSION TEST DATA

oil sample:
of Wet-dry test

Palouse-clay + 2% Orzan

Subjected to 4 cyecles

Height _3.57 in, Diameter _2,50 in. Area _4,.,91 sg. in,
A A P =
Diel | Diff, Strain Corr. Load | Stress
s Area
in. in, Las/ine 8qeine | 1bs.. | 1bs./sqg.in.
« 7980 - - 1.0000 4,91 e e
« 7765 0215 | 0077 «9923 4.95 20 4,04
» 7629 »0351 .0098 9902 4496 40 8,08
«7519 0481 0101 « 9899 4,96 60 12,10
« 7425 »0555 «0155 « 9845 4,99 80 16,03
« 7342 .0638 0179 . 9821 5.00 100 20,00
« 7300 .0880 .0190 « 9810 5.01 110 21.96
« 7261 0719 0201 «9799 5.01 | 120 23.95
« 7211 L7369 .0215 + 2785 5.02 130 25.90
«7155 0825 .C231 « 2769 5.03 140 27.83
« 7070 «0910 .0255 « 9745 5.04 150 £9.76
Sample Failed 160
w2 T A Sy 10
h 1-¢ A
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TABLE 28

UNCONFINZD COMPRESSION TEST DATA

§1 sample: T'alouse=clay + 4% Orzan ¢ubjected to 7 cyoles

lof liet-dry test

leight 3.60 in, Diameter 2.50 in, Area 4.91 s8g. in,
A P S
Diff. Strain Corr. |Load Stress
1 =€ Area
in. in./in. sqe.in. [1bs. | lbs./sg.in.
- - 1.0000 4, 91 i -
«0156 «0043 « 9957 4,93 |100 20.28
+0R39 0066 « 9934 4,94 |200 40.85
0311 L0086 «9914 4,95 |300 60 .61
0386 .0107 « 2893 4,96 |400 H0 o 64
0449 0128 « 9875 4,97 |500 100.61
0499 .0139 . 2861 4,98 |600 120.48
L0561 0158 . 9844 4,99 | 700 140.28
1578 0160 92840 4,99 |720 144.29
0591 L0164 . 2836 4,99 |740 148,30
0610 0169 «9831 4,39 |760 152.30
sample Falled 780
€ = a A% m A T= P
h 1-€ AT
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TABLE 29
UNCONFINED COMPRESSION TEET DATA

fo0il sample: Palouse-clay + 6% Orzan Subjected to 3 cyecles
of llet~-dry test

Height _3.60 in, Diameter _2.,50 in, Area _4.9]1 sg. in.

€
Dial | Diff. Strain Corr. Load | Stress
1l =€ Area
in. in. in./in. 8q.in, | 1bs. | 1bs./sq.in.
« 8358 - ., 10 0000 4,91 - -
8109 0149 0041 « 9959 4,93 100 20.28
«7910 0438 +QXB8 « 9878 4,97 200 40.24
« 7736 0812 «0170 «9830 4,99 300 60,12
« 7601 0747 0208 «3792 5.01 400 79.84
« 7480 0878 D244 . 9756 5.03 500 29.40
75564 1004 0279 « 9721 G.05 600 1l8.81
« 7325 + 1033 0287 9713 5.06 62 12253
« 7250 .1108 0308 9692 5.07 | 640 126,23
7030 1328 0369 « 9631 5.10 660  129.41
Sample Tailed 680 y
€ = A L ...:1... O = d



il sample:
of let=-dry test

UNCONFINED COMPRESSION TEST DATA
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TABLE 30

Talouse=-glay + 10% Orzan

fubjected to 6 cycles

Height 3«62 1in. Diameter 2.62 in, Area 539 8g. in,
" i (' A P (A
Dial pift. Strain Corr. Load Stress
1l -¢ ATea
in,. in, in,/in. sq. in.| lbs. | 1bs./sq.in.
.6165 - sl 100000 5. 39 - -
«6082 0083 «0033 «9977 5.40 20 3.70
. 5908 «0857 0071 « 9929 5.43 40 ?.37
Sample Tailed 60
é = A Ll == 1{ 0— 5 P
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