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CHAPTER I

INTRODUCTION

Agriculture is the oldest of all industries. The first praec-
tice of the art of tillage marked the beginning of the introduction
of tillage machinery. The earliest tools were crude chopping or
digging implements of wood, stone, shell or bone. The application
of animal power for tillage followed the invention of the crooked-
stick plow used to stir the soil. Since then a wide variety of tools
have been developed. The process of improvement of the tillage machin-
ery is never ending. In spite of the rapid progress made in recent
years, there are still many problems to be solved in the field of
tillage machinery. According to Todd (19), the consideration of
the continual improvements to machinery is necessary, not only for

new installations, but also for those already in use.

Tillage and Power

The use of cultivation implements to prepare seedbeds by pro-
viding favorable conditions for seed germination and plant growth
is the oldest practice of arable agriculture. It reached a rela-
tively high level of development centuries ago. Progress was made
by laborious methods of trial and error and traditions of correct
practice were empirically developed. During the past century the
union of practice and science has been slowly strengthened.

The eveolution of tillage implements and machinery is one of

the most striking features in the growth of the science of farming.



Great advances have been made in the perfection of tillage tools.
Even so, tillage operations remain the most costly of all the vari-
ous operations of crop production. Thirty per cent of the total power
used in agriculture in the United States goes into tillage. Baver
(3) estimates that over half of this power is used in the basic
operations of plowing and listing, Miller, Turk and Foth (10) esti-
mate that about one-third of all draft power used on farms is ex-
pended in plowing.

Tillage is the greatest power consuming operation on the
farm, Therefore, it deserves much consideration from the point
of view of economy, Many studies have been undertaken to determine
ways and means of reducing the power requirement of tillage ma=~

chines.

Soil Friction and Tillage
Kummer and Nichols (9) have found that friction between the

soil and metal surface has a great influence upon the life and
draft of tillage tools. The intensity of this friection governs
largely the wearing and scouring properties of tho‘implenant. High
friction constitutes a waste in power and causes excessive wear of
the tillage implement,

Scouring of moldboard plows in sticky soils is one of the
most difficult problems facing the plow designers., Bacon (2) found
that the moldboards made of plaster of paris and those covered with
hog hides proved more successful in the plastic soils of Texas than

any other type of moldboard made of steel, irom, glass, brass and



aluminum, According to him, the Texas observations must be re-

gerded &s conclusive evidence that the shape of the moldboard is not
the only factor to be considered, but the material of the moldboard
often contributes more to its successful operation than the shape.
Kummer (8) verified these observations and found them to coincide
with his own results, These results show that there exists a need
for a material which has a lower coefficient of friction for use
in tillage implements; not only from the point of view of saving
power, but also for better scouring propertiop. The agricultural
engineer, therefore, has to turn hies attention to new engineering
materials which, when used in the construction of agricultural impe
lements, help to reduce the power requirements and scour satise
factorily., Decay, rust, and corrosion are active all the year
round particularly due to the fumes produced in the barns even
when the implements are stored inside, Corrosion of metal due to
moisture, salt and acids is very common in farm machinery when not
adequately protected from the weather. Rust and corrosion are the
common cause of scouring troubles and are the chief enemies of
agricultural machinery and implements and reduce, very greatly, 1
their useful life and service. Hence, the new engineering material
should also be resistant to corrosion and rust.

The agricultural engineer has to look for an engineering
material with the usual properties of strength, durability, low
coefficient of friction, and, in addition, the properties of scour-
ing and resistance to rust, and corrosion. Fortunately, tetrafluo=-

roethylene resins commercially known as "Teflon" possess these pro=-
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parties, and it appears that these resins can be used to improve

the performance of agricultural machinery and implements.

Statement of the FProblem

The problem was to investigate the friction characteristics
of "Teflon" and agricultural soils. This study was undertaken
with a view to find out whether the friction between "Teflon"

and soil was less than the friction between metal and soil.

"Teflon" Tetrafluorocethylene Resins

Teflon is the registered trade mark of the du Pont de
Nemours and Co. Inc., Wilmington 98, Delaware, for its fluorocarbon
regins. The first of these resins was discovered in 1938 (18) as
a result of the research on "Freon" ierioa of refrigerants, which
are chemical compounds consisting of fluorine, carbon and usually
chlorine, The semiplant production of Teflon was started in 1941.
The commercial production of these resins was first started in
1950, at Parkersburg, West Virginia. As a result of continued
research a number of these resins have been developed.

The du Pont Company supplies Teflon as a series of

powders and aqueous dispersions. These resins are converted into tape,
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sheets, rods, tubes, coated fibres, coated wire, wire enamels, molde-

ed parts etec. by a number of namufacturers. The Teflon molding
powder is obtained from fluorspar (calcium fluoride), sulfuric acid
and chloroform, as a result of chemical reactions between them., The
chemical reactions take place in the following four stages (18).

1., The calcium fluoride, 0a12, and sulfuriec acid, H

2
react with each other to give hydrogen fluoride, HF, and calecium

S50,

sulphate, ca304.

CaF —> 2HF + CaS0

2 4 4
2, The hydrogen fluoride, HF, reacts with chloroform, CHC1

+ HZSO
3'
to give chlorodifluoromethane, cxcxrz. and hydrochloric acid, HCl.
2HF + 03015——90H3112 + 2HC1
3+ The chlorodifluoromethane, 0!@1?2, is converted into

gaseous tetrafluoroethylene monomer, 0]’2012. and hydrochloric acid,

by pyrolysis.
26301?2 Pyrolysis 3 072012 + 2HC1
4. The tetrafluorocethylene monomer, crzcrz, is polymerized
under high pressure and temperature to give Teflon molding powder
y » G AR R S
n c = ——)-C- ol «le s «le
- A N Nl N
(Teflon molding powder)

Properties of Teflon
"Teflon" has unique properties which make it suitable for

adaptation in agricultural use., It has exceptional thermal stabie
lity and is suitable for continous servicest 500° F. It also maine

tains good properties at extremely low temperatures of -450° F,



6

The most outstanding properties of Teflon for its use as an
engineering material for agricultural use are:

l. ZFrictional property. Teflon has an extremely low coeffi-
clent of frietion, The coefficient of friction against polished
steel is found to be as low as 0.04. The coefficient of friction
is independent of the temperature between the limits of 77° F and
572° F.

2, Hon-adhesive property. Owing to their low coefficient
of frietion, few materials tend to stick to the surfaces of these
resins. Scouring abilities of agricultural implements can there
fore be improved by using Teflon,

3+ HNo water absorption. The water absorption of these resins
by the A.S.T.M, test is found to be less than 0.01 per cent.

4., Weathering property. Teflon is not affected by outdoor
weathering or by moisture., Tests condﬁctod in Florida have shown
that these resins have ronainéd completely unchanged even though
they were exposed for over ten years.

57 Mechanical properties. These resins are relatively
flexible and tough. They retain their flexibility and toughness
over a wide range of temperatures.

6. Chemical properties. These resins have practically
universal chemical inertness. They are also relatively impermeable
to many chemicals, '

7+ ZElectrical properties. These resins have exceptional
electrical properties which remain unchanged at temperatures up to

480° F.



8. Honeflammable property. The tetrafluorcethylene resins

are non-flammable.

Certain mechanical properties of Teflon are improved by the
use of additives. The resistance to deformation under load is ine
creased by a factor of ten, resistance to wear by five hundred %imes,
stiffness by a factor of four to five, compressive strength by a
factor of three to four and hardness by 10 per cent. The modified
compositions 6f Teflon still retain their low coefficient of frictionm.
Iypes of additives that are generally suitable include metalliec
copper and bronzes, glass fibre, graphite, coke flour, molybdenum
disulfide, clay, talec, silica, agsbestos, and calecium fluoride powder.

The physical properties of compounded Teflon depend on the
additive, the amount of additive, uniformity of the blend, and
molding, and annealing techniques., The most striking advantage of

modified Teflon over uncompounded Teflon is its resistance to wear.

Uses of Teflon

Electrical application. Teflon is extemsively used in the
electrical industry, particularly in insulation for use at high
frequencies and high temperatures, Specific fields of application
include motors, generators, and transformers of all typesj and aire
eraft, automotive, communications, electronics, locomotive and marine
equipnent,

Chemical applications. In many instances in the chemical
industry Teflon has been found to be the only material which gives

the desired performance., These resins are used as gaskets, valve



components, pump components, and pipes and tubings, where the

equipment is required to handle corrosive liquids.

Mechanical anpl;gagion!. Due to their low coefficient of fric-
tion, these resins are used in mechanical parts, primarily as
bearing surfaces, In the textile twisting machines Teflon is used
to olininato lubricants which contaminate the goods.

Non-adhesive application. Teflon is used where sticky mate«
riali are required to be handled owing to its unique non-adhesive
property., These resins are used in a variety of applications in
food processing equipment especially in machinery used in the pree
paration and handling of candyj; in the rubber and plastic induse
tries, to prevent sticking to molds and platens; and in industries
in which glue is handled extensively.

Agricultural application. At present Teflon is not being
used to any great extent in agriculture. But investigations are

being made at different places on the use of Teflon in agriculture.

Priction

Friction is a force, which opposes relative motion between
two surfaces, which are in contact with each other. A force is
required to cause a plane surface to slid: ~ver another plane sur-
face, against which it is pressed. The force of friction acts at
the surfaces of contact tangential to the surfaces and is always
in the direction opposite to the direction of motion. As the

force aprlied to cause motion increases, the force of friction



also increases up to a particular limit. The relative motion

between the two surfaces begins when the maximum force of friction
is just overcome., This maxi..m force of friction is called the
limiting friction. In the manufacture of machines, great care is
taken to reduce friction as much as possible, but friction is not
always undesirable., It is often necessary and beneficial. But
for friction, it would not be possible to drive machinery by belts

and clutches.

Causes of Friction

There are two main causes of friction., One « the unevenness
of the surfaces and two - adhesion and cohesion between the pare
ticles of matter., Even though the surfaces of many objects may
appear smooth to the naked eye, they will show numerous tiny moun-
tains and valleys, when examined under a riérolcopo. When the sure
faces are in contact with each other, th¢se tiny mountains and val-
leys interlock and tend to prevent the relative motion between
the surfeces. The small particles of matter have attraction for
each other. This force of attraction is known ;p cohesion and
adherisn, Adhesion and cqpelion form the part of the frictional

resistance, opposing the sliding of one surface over another.

~Static Friction

When two bodies are in contact with each other and a force
parallel to the surfaces of contact is applied to one of the

bodies, and the force is less than a certain amount, motion will
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not take place, the frictional resistance being equal to the force.
Ags the force is increased to a certain value, the resistance will
fail to increase, and sliding will take places This maximum resis-

tance is called the maximum static friction.

Kinetic Friction

To keep one body sliding on another at a constant speed, a
certain force, parallel to the surface of contact, is required.
The opposing resistance offered by the surfaces is called kinetic

friction.

Coefficient of Friction

The coefficient of friction is defined as the ratio between
the limiting force of friction and the normal force between the
surfaces of contact.

If 4 = coefficient of friction,

F = limiting force of friction,
and N = normal forece between the surfaces,

F
then /,( = T

The angle made by the resultant of the frictional force and
the normal force with the normal force, is called the angle of fric-
tion., As the friction increases, the angle of friction also ine
creases and is maximum, when the friction is maximum. The coeffi-

cient of friction is equal to the tangent of the angle of friction.

/M = tan ¢ , p being the angle of friction



Laws of Friction

The following laws of friction were the results of experi-
ments conducted by Coulomb. These laws were later confirmed by
Morin (17) and hold good for dry surfaces.

l. Liniting force of static and kinetic friction is proe
portional to the normal pressure, i.e. the coefficient of frice
tion is independent of the normal pressure,

2., The coefficient of friction is independent of the area

of the surfaces of contact.

3« The coefficient of kinetic friction is less than that
for static friction and for low speeds is independent of the ree
1ut1vovvolocity of the surfaces.

4. Friction is only slightly affected by ordinary tempe-
rature changes.

The laws of friction for lubricated surfaces differ greatly
from the laws for dry surfaces., When a film of lubricant exists
between the surfaces, the friction is practically independent of
the nature of the surfaces., It is also independent of the normal
pressure. The temperature greatly affects the friction of lube

ricated surfaces.



Review of Previous Work Done

Tillage Tool Surfaces and Shapes
Trullinger (21) reported in 1925 that tillage is one of the

greatest, if not the greatest, power consuming agricultural ope-
ration, According to him even in those days much study was unders
£akon to determine ways and means of reducing the power reguire-
ments of tillage machines during the production of desired tillage
results. This study resulted in the special shaping of tillage
tool surfaces, for various purposes, and established the broad
general fact, that different soils require different tools and

shapes, to produce the desired tillage results.

Soil snd Metal Friction

Nichols (12) started his classic investigations in soil and
metal friction in 1923. He published many useful results, which
are extensively used and guoted in many text books on tillage and
soils, and by research workers in the field of the dynamic proe-
portics'of the soil. In his study on "The Sliding of Metal over
Soil" (13), his object was to determine the friction between soil
and metals and the underlying variables affecting it. In this
study his primary equipment was a piece of flat metal of chilled
plow iron of area 24.52 square inches, pulled by a spring balance.
Three pointﬁrero located to determine the angle of friction by
increasing the weights of the slider to double and triple its

weight of 1500 grams, The soils used were made up of mixtures of
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clean, rough grained white quartz sand and very finely divided

clay of great plasticity; 98.6 per cent of which,passed through a
one hundred mesh sieve and the balance going through an eighty-mesh
sieve, These mixtures varied from pure sand to pure clay and the
intervening mixtures contained 25, 50 and 75 per cent of clays the
remaining portion being sand. These soils were air dried and water
was added to them in various amounts by means of a steam jet over
an atomizer, to detoruina the etfoot.of moisture on the coeffie
cient of frictionm. Tho_noitturo percentages used by him were, air
dry, 0.5, 2, 4, 6, 8, 10, 12 and 15, He found that in the case

of air dried sand, the coefficient of friction varied with the speed.
The values for the coefficient of friction were 0.400 for a speed
of 1760 millimeters per minute, 0.500 for a speed of 4600 milli-
meters per minute and 0.533 for a speed of 5600 millimeters per
minute, He found this to be true for all soils in which the bear-
ing power was not sufficient to hold the weight of the slider. He
also found that friction was not independent of the area of contact,
and it varied directly as the weight per square inch.

Hichol; found that the coefficient of friction varied also
with the nature of the surfaces. He got a value of 0,185 for the
coefficient of friction for highly polished chilled steel and a
value of 0.388 for the same material with a smooth but unpolished
surface.

From the studies made Nichols laid down the following funda=

mental laws for sliding friction between a metal surface and the
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scil, These laws were grouped separately under four phases of the

moisture in the soil.

A. Friction Phase. In this phase the soil was dry and the
bearing power of the soil was less than the pressure. The laws of
sliding friction in this phase were:

(a) The coefficient of friction varied with the speed

(b) It was proportional to the pressure per unit ares,
and

(e) It varied with the smoothness and materials of the
surface.

B. Friction Phase. In this phase the soil had some moisture
but not dnough to adhere to the metal surface. The bearing power
was greater than the pressure per unit area. The laws of sliding
friction for this phase were:

(a) The magnitude of the friction was proportional to
the total pressure between the two surfaces

(b) The coefficient of friction depended upon the
roughness and materials of surfaces

(e) It was independent of the area of contact, and

(d) It was independent of the speed of sliding.

L. Stiction Phase. In this phase ths soil had so much
'loiaturo_that it adhered to the sliding surface. The laws of
8liding frietion for this phase were:

(a) The coefficient of friction varied with the speed

(b) It varied with the area of contact
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(e) It varied with the pressure per unit area

(d) It varied with the surface tension of the film moisture,

i.e.
(1) It varied with the amount of colloidal
matter present
(2) It varied with the amount of water present
(3) It varied with the temperature and viscosity
of soil solution, and
(e) It varied with the surface and kind of metal.

D, Sliction Phase. In this phase there was enough moisture
present in the soil to give a lubricating effect. The laws of
sliding friction for this phase were:

(a) The coefficient of friction varied with the pressure
per unit area

(v) It varied with the speed

(e¢) It varied with the amount of moisture and viscosity
present, and

(d) It varied with the nature of the surface and the kind
of material of the surface.

According to Nichols, the coefficient of sliding friction
was a dynamic and constantly varying factor rather than a fixed
quantity; and in any soil, it was affected by moisture content andl
particle size.

Nichols published another paper (12) in 1931 on his study of

s0il and metal friction. This paper contained the summary of his
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findings of soil and metal friction studies which were started by
him in 1923, He used a series of synthetic soils varying widely

in their physical properties., Moisture was applied by the cone
- densation method, The metals used by him were various samples of
chilled iron and a group of plow steels. The values for the coeffie
cient of friction were obtained from carefully cleaned and polished
metals. The soils used were uniformly moistened and uncemented,
varying little in temperature (mean 80° F) and free from roots

and parts of undecayed vegetable matter, pebbles or other mate-
rials. »

Nichols divided the frictional resistance into four phases
which depended upon the pressure of the metal surface and the
structure and content of the soil. The graphical representation
of the relationship between frictional values and moisture cone
tent was given by him as reproduced in figure 1.

The four phases of frictional resistance mentioned in his
earlier paper published in 1925 (13) were given new names as

shown below.

Earlier name. XNew name,
A., Friction Phase A, (Compression) Phase
B. Friction Phase B. (Friction) Phase
C. Stiction Phase C. (Adhesion) Phase
D, Sliction Phase D. (Lubrication) Phase

The laws of friction in both cases remained the same, The

new names have been widely accepted and quoted in many text books.
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Hichols found that the bearing power and moisture content
were important factors in the classification of friction phases.
These factors depend largely upon the colloidal content in the
#0il which determined their reactions, The moisture content and
the structure of 2 soil determined its resistance to compression
and this factor, according to Nichols, determined the A and B
phases, He also found that the moisture content was directly
responsible for the C and D phases. He concluded that the
moisture content at which these phases occurred depended upon
the amount of colloidal clay and the proportion of adsorbed
moisture to film moisture., Also, temperature and salts in the
80il solution affected the force exerted by moisture films and
so entered into frictional values,

For the A compression phase, Nichols found the following
relationship between the coefficient of triction,}AL and the

speed, S, in feed per minute: ’
A = 0,0108 + 0.33

This formula was derived from experiments with dry sand
which was practically free from colloidal eclay.

For the B (Friction) phase Nichols found that with non-
plastie soils the coefficient of friction varied directly with
the colloidal content. He expressed the relation between the
coefficient of triction./Af, and the colloidal content, C, as,

AL = 0.,0076C + 28

For the C (Adhesion) phase, he found that the moisture
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film adhering to the metal surface increased the frictiomal force
rapidly. He derived the following formulas expressing the rela=-
tionship between the moisture content, M, and coclloidal content,
€, of the soil,

M= 0,20 + 10
when maximum adhesion for a mnickel slider om non-plastic soil
occured.
M= 0.13C + 4.77
when adhesion first became evident.

Nichols also found that the moisture content of maximum
adhesion was approximately that of the upper plastic limit. The
maximum rise of the coefficient of frictiom varied directly with
the plasticity number. He expressed the value for the coeffie
cient of friction in plastic soils by the formula,

4= 0,06Pn + 0.42
where 4. = coefficient of sliding friction, and
Pn = Plasticity number.

He also expressed the following relationship between the
coefficient of friotion./tf, the colloidal content of the secil,
C, and the hardness of the metal, H, as determined by the Brinell
test, for soil friction values in the B phase.

= 0.24 + 0,005¢ - 0.0001H

Nichols found from his investigations that the values of
s+ for the plastic soils tested were in the neighborhood of the
values obtained for the Ceecil clay comtaining 32 per cent of colloid.

He concluded that when a sufficient amount of colloidal material
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was present to cover the coarser particles, the soil friction (B
phase) did not materially change with the inmcrease in the colloidal
content., He also studied the effect of polish on the coefficient
of friction and found that in the case of sand, polish had no effect
" on friction whereas in the case of other soils, high polish showed
a reduced coefficient of frictiom,

Payne (14) defined soil/metal friction as the tangential
force produced at the interface, when soil slides over another
material, In his investigations to find the soil/metal frictiom,
Payne regarded the variables, such as moisture content, as changes
-in the gquality of ome of the surfaces. In order %o avoid the bear-
ing capacity of the soil from entering into the values for the
coefficient of frietion, he arranged his apparatus so that the
soil/metal interface lay in the vertical plane. The apparatus
used by P#yno consisted of a wedge shaped vertical tine (apex
leading) suspended on the tool bar of a tractor. The whole of
one side of the tine formed a sensitive plate, on which the forces
in two mutually perpendicular directions were measured with the
help of strain gages. The normal load was inereased by rotating
the whole tine about its vertical axis. A correction was applied
to the results when it was found that the movement between the soil
and the slider was at an inclination of more than 10° to the hoe
rizontal. The speeds used were those found commonly in cultivation
varying from 0,34 to 4.54 miles ber hour., Four nominal speeds in

four random blocks were selected and the true speed for each run
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wi§ measured by timing the tractor between marking posts. Payne
found that the relationship between normal and tangential fércas
was linear when ploited, and was independent of speed. He used
seven different kinds of soils.

Payne found that the frictional properties of soil may be
represented by the equation

§' @ Cu+ O tand

where S' = maximum tangential stress at interfaoce,

Coc
O

tangential adhesion,

externally applied normal stress on

interface,

of

angle of soil/metal friction.

Soil sand Aluminum Prietion

Bockhop (4) conducted tests to find soil/aluminum friction.
He used in his tests four different soils and an aluminum slider
of eight inches by six inches, with an area of contact of forty-
eight square inches, and a calibrated spring balance to measure
frictional resistance. The soils were contained in boxes three
feet wide and twelve feet jﬁg, made of aluminum and lined with
gglvnnisod sheets He lixlf his soil with a hoe, shovel and rake
to obtain uniform ibi-ﬁgrijdistribution. A sprinkling can was
used for varying tsc moisture content of the soils. He packed
the soil by hand giving it a "sheep's-foot" effect with the fine
gers and rolling it smooth +twice to compaet the surface. He

uged different loads on the slider to find the coefficient of
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friction between aluminum and soil. As a result of his investiga-
. i
tion Bockhop found that Nichols' equation /4 = 0.24 « 0,005C -

0.0001H did not hold good for aluminum. He concluded that the values

of the constants are dependent upon the type of material.

Agricultural Material and Teflon Friction

Reddy (15) made a study of the friction characteristics of
agricultural materials such as hay and grass ensilage on Teflon.
As a result of his investigation, Reddy found that the values of
the coefficient of friction were 32 per cent less than those ob-

tained for a conventional metal like steel.

Zeflon and Steel Friction

Shooter and Thomas (5) were the first to recognize the low
friction of Teflom in 1949. For a piece of fabricated tetra~
fluorcethylene fluorocarbon resin sliding on steel they reported a
coefficient of friction of 0,04, when the sliding speeds were
from 0,02 to two feet per minute; the loads were from two to nine

pounds; and the temperatures were from 68° F to 3920 F,

Teflon Covered Moldboard Plow

The Pineapple Research Institute in Hawaii (1) conducted
research with a surfacing of Teflon, over a moldboard plow to
improve the scouring properties of the moldboard plow. It was
found that the plowing time was reduced to half and the tractors
operated in third gear instead of aioond.

According to the experiments conducted at Hawaii by Tribdble
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(20), it appears that Teflon holds out a great future in the manu-

facture of moldboard plows for use in plastic soils. The Hawaiian
soils contain 85 per cent of clay and are moderately to highly
plastic. Their plastic index ranges from ten to twenty, with common
values of sixteen to eighteen. These soils stick to standard molde
boards and shares.

Tribble reported that Teflon, as & moldboard cover, was used -
for preliminary trials on a fourteen inch general purpose bottom,
to improve the scouring of the moldboard. The soils were plowed
at various depths, speeds and moisture levels and it was found that
there were no scouring difficulties; and there was no mechanical
damage done to the Teflon sheet, even though large boulders of
basalt were present in these soils, which were expected to cause
mechanical damage. The experiment was repeated with a thirtye
two inch moldboard. For eighteen inches depth of plowing, at a
speed of 3.5 miles per hour, the draft was found to be 6500 pounds,
as against an estimated draft of 7200 pounds, at a unit draft of
12,5 pounds per square inch. Different compounded Teflon products
showed that they endured plowing from 200 to 400 acres. Under
Hawaiian conditions the Teflon covered moldboard plow had reduced

land preparation costs.



CHAPTER II
MATERIALS AND METHODS

The materials immediately necessary for conducting the prese

ent investigation were Teflon and soils of different textures.,

Teflon
The Teflon covered disk used by Reddy (15) for his study of

the friction characteristics of Teflon and agricultural material
was readily available, and was used in conducting the tests.

The disk was forty~eight inches in diameter and had a cover
of Teflon sheet of 1/16 inch in thickness. The Teflon sheet was
glued to 5/4 inch thick plywood with the adhesive Garlick Fo. 201
recommended by the nannfﬁcturoro of Teflon. This adhesive consiste
ed of two parts, A and B. Part B was heated to 125° F before
mixing it with anchuul volume of part A. The mixture was stirred
until it had a creamy appearance and was applied to the cementable
surface of Teflon and also to the plywood surface., The sheet was
then laid over the plywood surface and loaded over with bricks to
provide equal pressure over the entire surface of the disk. The
disk was left in this condition for a period of fourteen to sixe

teen hours for curing, The edges were then cut and made smooth,

Soils

It was considered necessary to conduct the tests with differ~

ent kinds of soils containing different proportions of colloidal



clay.
In all, five samples of soil were collected; four of these
being from the Agricultural Experiment Station at Jackson in West

Tennessee and one sample from Memphis, across the Mississippi river

in Arkansas. The soils from Jackson, Tennessee, were a loamy sand,

& Hyman fine sandy loam, a2 Lintonis silty loam and a Dexter silty
clay loam, The loamy sand was designated as an Independence=
Huckabee loamy sand, although this designation was not yet official.

The soil from Memphis was a Sharkey clay.




CHAPTER III
INSTRUMENTATION

The procedure followed for determining the friction charace
~teristics of Teflon and soil was essentially the same as followed
by Richter (16) and Reddy (15).

A Teflon covered disk forty-cight inches in dismeter was
fized on a vertical ardor of one inch diameter, The arbor was
supported in boaringi ia a square iron frame made of angle irons
and carried a sheave of 7 1/8 inches in diameter, at the dottom,
This sheave was connected to the pulley on the spindle of a tapping
machine through sheaves om a jJack shaft, fitted in the iron frame,

The soil was packed in e¢ylindrical cans with both ends
opens The following sizes of cans were used in the tests:

Serial Diameter of Length of can Cross sectional
Number can in iaches in inches area of cam in

square inches

2,50 475 4.90

1

2 3.00 4.62 7.06
3 3.25 4437 8.35
4 3.88 6425 10.40

A hook was soldered on each can., The can filled with the
scil was placed on the Teflon disk, A string was carried from the
hook on the can to a sensitive scale called a detectogram, manu-
factured by Detecto Scales Incorporated, Chicago, Illinois. The

force of friction was measured on the detectogram when the disk




rotated,

Details of the Apparatus
The apparatus used in the investigation consisted of the

following:

(1) 4An iron frame with a vertical arbor fixed in the
center of the frame, and a jack shaft fixed to one
side.

(2) A plywood disk with a Teflon surface.

(3) Arrangement of belts and pulleys for driving the
Teflon disk,

(4) Secale for the measurement of the frictional force

(5) Device for varying the moisture content of the soil.

Zhe iron frame. The iron frame, four feet square and two feet
by éight inches in height, was sturdily built with angle irom. A
vertical arbor was fixedvin bearings in the center of the frame
and a jack shaft was fixed vertically on one side of the frame in
bearings, for easy rotation, The arbor had an iron plate, 7/16
inch thick and 12 inches in aianotcr, rigidly fixed at the upper
end and carried a sheave of 7 1/8 inches in diameter at the bottom.
The jack shaft had a sheave of 1{ inches in diameter at the bottom
and two pulleys, one of 8% inches in diameter and the other of
13 inches ir diameter, fixed at the upper end, one below the other.

The Teflon disk. The Teflen covered disk of forty-eight

inches in diameter, was fixed rigidly to the iron plate on the

upper end of the arbor by means of nuts and bolts so that the disk
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rotated along with the arbor.

Arrangement of the drive., The source of power for driving
the Toflbn disk was an electrically driven tapping machine made by
Bakewell Manufacturing Company, Los Angeles,California. The vere
tical driving spindle of the tapping machine carried in the front,
two sheaves of 14 and 8% inches in diameter at the lower end, and
a oone puiley of four stages at the upper end. The tapping machine
had’another cone pulley of four stages at the rear end. These two
cone pulleys were connieted to each other by means of a Ve-belt,
which eould be shifted on to any pair of pulle&s on the two comes,
for ohanéing the speed as desired.

The sheaves at the 1cv9r end of the spindle, in the fromt
of the tapping machine, were connected to the sheaves at the
upper end of the jack shaft by a second Vebelt. A third Vebelt
connected the sheave on the lower end of the jack shaft and‘tho
pulley on the lower end o; the arbor. The arrangement of the
drive is shown schematically in figure 2.

Measurement of the force of friction. A sensitive detecto-
gram scale, which could accurately measure a force up to one
hundredth of a pound was used for measuring the force of friction.
The detectogram scale was tested and corrected for accuracy before
it was used in the tests.

A string was comnnected te the hock, soldered on the lower
most position of the open ended cylindricel can, and was carried

under a pulley to the detectogram. The soil was packed inside
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the open ended cylindrical can. When the Teflon disk rotated,

the force of friction between the =o0il and Teflon was registered

on the détectogram scale.
The detectogram scale and the Teflon disk were arranged
on either side of the tapping mechine, so that the detectogram

faced the test can held on the Teflon disk, With this arrange-

ment, it was convenient to attend to all the parts of the equip-

ment and to read the deteestogram by standing in the center. This

arrangement of the spporatus is shown in figure 3.

Moisture content of soil. In order to determine how

friction was affected by different moisture contents, soils
with verying moisture contents were used. Since the moisture

{
content in the soil is expressed as a percentage of the dr*

¥

weight of the so0il, the soil was dried in an electric ovon%
at a temperature of 105°C., The soil was left in the oven qk
this toupergtura for several days to make sure that it dried
completely., One pound of this dry soil was accurately weighed
in a closed sample can and was used in the experiment.
Moisture was added to the soil by spreading the soil
on a sheet of paper and spraying the soil with water, The
water was applied in the form of a mist with a small hand

operated sprayer.
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CHAPTER IV

PROCEDURE

The procedure used in finding the frietion characteristics
of Teflon with soil consisted of the following:
1. Calibration of the apparatus for speed.
2, Preparing the soil samples.
3. Measuring the force of friction between soil and Teflon
for different pressures, moisture and clay contents,
and areas of contact.

4. Mechanical analysis of the soil samples.

Calibration of the Apparatus for Speed

It was possible to obtzin several speeds for the Teflon

disk by the manipulation of the belts on different pulieys of the
tapping machine and the jack shaft, and by putting the tapping
machine under direct gear and back gear positions. With the help
of an electric revolution counter and a stop watch, the speed of
the Teflon disk at eighteen inches radius from the center of the
disk was determined., It was decided to operate the disk under
low speeds, since many of the tillage implements work at these
speeds.

For calibrating speed, the time taken for a known number of
revolutions of the Teflon disk was noted. The speed of the Teflon
disk at eighteen inches radius was calculated from these obser-

vations. The results obtained are given in table I under Appendix A.
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Preparing the Soil Samples for Test

The soil samples were first run through a No. 4 sieve and
all big lumps, pieces of stone and roots and other dead remains of
the plants were separated., The finer particles of organic matter
and humus were not separated. The sieved samples were kept in tin
cans for drying in an electric oven., The temperature was maintained
at 105° ¢ for several days, to make sure that the soils were completely
dry. One pound of the soil was accurately weighed on the detectogram
scale, in a sample cen covered with a lid, so as to prevent adsorp=-
tion of the moisture while weighing, The weighed soil was then spread
on a sheet of paper and sprayed lightly. The equipment used for adding
moisture to the soil is illustrated in figure 4. After every spraying,
the soil was turned over by lifting the ends of the corner of the
paper. The soil was weighed at frequent intervals to see if it had
attained the desired percentage of moisture. When the soil was
mixed with the desired percentage of moisture, it was poured into
the test can, with an open end of the can being kept on the Teflon
disk, The soil was compacted by pressing with the fingers after it
was poured inside the can and covered with a thin metal disk, so as
to ensure that the moisture was not lost by evaporation during
the test., The ends of the can were slightly raised from the sur-

face of the Teflon disk, so that the metal in the can did not
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interfere with the results.

In all, five different kinds of soils were used in the test.
In each case, the percentage of moisture was increased in stages,
until a film of water appeared on the Teflon disk. In order to
determine the percentage of moisture, the dry weight of the soil
was taken as the basis. The following formula was used for finding
the percentage of moisture in the soil:

(Weight of wet soil - Weight of dry soil) x 100
Weight of dry soil

= Moisture in per cent

Measurement of the Frictional Force

In some cases considerable difficulty was experienced in
noting the readings as the needle of the detectogram scale moved
over wide ranges. In all such cases, the average between the
maximum and minimum roidingt was noted as the force of friction.

For each soil and each moisture content, four different
pressures and four different speeds were tried. The pressure on
the soil ruﬁ increased by placing weights on the metal cover over
the soil, in order to study the effect of pressure on friction.
The speeds selected were 1, 2, 4.06 and 8.12 miles per hour.
These speeds were obtained by manipulating the position of the
V-belt on the cone pulleys of the tapping machine.

The readings for static friction were obtained by moving
the Teflon disk very gently by hand, the rest of the arrangement

remaining the same as for kinetic friction.
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The readings obtained for the static and kinetic friction
are given in tables II to VI under Appendix B.

In the case of two samples of soils, with 7.3 and 22.4 per
cent clay, frictional force was also measured for four different
cans of varying diameters, to find if the area of contact had any
effect on thovfriotional force. These observations are recorded
in table VII under Appendix B. In all cases the tests were cone-

ducted under room temperatures varying from 74° F to 86° F.

Mechanical Analysis of the Soil Samples Used in the Test

All the five samples of soil used in the tests, were sub-
jected to mecahnical analysis to find their colloidal content, The
mechanical analysis of the soils used in the tests was done by the
pipette method described by Baver (3). Two replications of the
samples of soils were taken for the analysis., About ten grams of
each sample was weighed very accurately in an analytical balance
and was placed in a beaker. The sample was then mixed with ten
millilitres of water and heated slowly for several hours., Hyde
rogcn’poroxiAn was add;d at intervals to oxidize all the organic
matter in the soil., After complete oxidation of the organic
matter water was added to the soil sample and the whole mixture
was transferred over a Whatman No. 42 filter paper fixed on a
Buchner funnel. The scil held on the filter paper was leached
with 400 millilitres of 0.1N hydrochloric acid. The excess of the
hydrochloric acid was washed with fifty millilitres of water and
150 millilitres of ethyl alcohol. The Buchner fumnel, along with
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the filter paper, was heated for‘leveral hours in an electric oven
at 105° C for drying the soil. The soil was then transferred very
carefully from the filter paper to a 500 millilitre flask. Two
hundred millilitres of water and six to fourteen millilitres of
sodium hydroxide were added to the flask. The mixture was stirred
well by shaking the flask periodically for forty-eight hours. At
the end of fortyw-eight hours, the mixture was transferred to a one
thousand millilitre graduate. The mixture was then diluted to one
litre by adding water. The whole mixture was stirred well and
allowed to stand for sevem hours and forty-seven minutes. At the
end of the pericd, twenty-five millilitres of the aliquot at ten
centimeters depth was drawn out through a pipette by using an
agspirator bottle. The aliquot was transferred to a beaker which
va; weighed previously and was dried in the oven at 105° C for
several hours. The beaker was then weighed after the aliguot had
evaporated oonpletély and the clay content of the sample was cale

. eulated from the following formula:

(Weight of beaker + clay - Weight of beaker) 4000

Dry weight of soil sample

= per cent of clay less than 0,002 millimetre
The results obtained in the two replications were very close
and the average between the two was taken as the percentage of clay
for each sample. The average percentages of clay were found to be
5¢7y Te3y 946, 22.4, and 41.2, the first four being for the samples
obtained from Jackson and the last one for the sample obtained from

Memphis. The equipment used is shown in figure 5.
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CHAPTER V
RESULTS AND DISCUSSION

The friction characteristics of Teflon with soil were inves-
| tigated for the following soils:

1. BSo0il with 5.7 per eent of clay.

2, Seil with 7.3 per cent of olay.

3. Soil with 9.6 per cent of clay,

4. Soii with 22.4 per cent of clay.

S5¢ Seil with 41.2 per cent of clay.

Soil with 5.7 per gent of Clay
It was not possible to work with a completely dry soil as

the soil particles were drawn out of the test can when the Teflon

disk was rotated. The lowest amount of moisture with which the test

could be conducted in the case of this soil was 2 per cent, but even

then the readings cculd be teken only for low speeds of one and

two miles per hour. The moisture content for this sample was ine

c?oased in stages of 2 per cent up to a maximum of 10 per cent.

For each moisture content, four different pressures, and

four different speeds for each pressure, were used to find the
force of frietion. The values obtained for the force of friction,
both static and kinetic, are given in table II under Appendix B.
The coefficient of friection in each case was oalculated and is
also included in the table.

Figures 6 to 9 indicate the behaviour of the coefficient
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of frietion against pressure for different speeds and moisture cone
tents, From these curves it is seen that the pressure had prace
tically no effeet on the coefficient of friction. Figure 10 shows
the curves for the coefficient of friction against moisture for
different speeds, under a pressure of 0.4 pound per sqpare inch,
These curves indicate that the coefficiert of friction decreased
as the moisture eon}ent increased, the lvbrication phase being
reached. Figure 11 shows the behaviour of the coefficient of frice
tion againet speed, under 2 preseure of 0.4 pound per square inch
for different moisture contents. These curves indicate that speed
had no effect on the coefficient of frictien,

The following conclusions can be drawn for this soil:

1. The coefficient of friction was independent of pressure.

2. The coefficient of triction decreased as the moisture
content increased.

3. The coefficient of friction was independent of speed.

The lowest amount of moisture with which the soil could be
vorked was 4 per cent. The moisture was increased by stages of
2 per cent to a maximum of 14 per cenf. beyond whick it was not
possible to work,

For every stage of moisture content, four different pressures
were used, For every pressure, four different speeds were used.
The values obtained for the force of friction for different mois-

tures, pressures and speeds are given in table III under Appendix B.
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The values for the coefficient of friction for this soil have been

plotted in figures 12 to 17. The examination of the curves in
figures 12 to 15 shows that the pressure had no effect on the coe
efficient of friction, except at higher moisture contents. It is
noticed that the coefficient of friction decreased with increase

in pressure, for higher percentages of moisture. This may be due to
the moisture being squeezed out under greater pressures, producing
a lubrication effect on the Teflon surface.

Figure 16 shows that tho-ébofficiont of friction decreased
for all speeds, ai the amount of moisture increased up to 10 per
cents Thereafter the coefficient of friction increased with mois~
ture. It thercf;fo seems that the friction for the moisture con-
tents from 4 to 10 per cent vai in the 'B' phase as determined by
Nichols (12), Thereafter the friction appears to be in the 'C!
phase. It is also noticed that the increase in the friction in
the 'C' phase, with increase in moisture content;, is much sharper
at higher speeds.

Figure 17 indicates that speed had no effect on the coeffi-
cient of friction at lower moisture contents. It is seem that the
coefficient of friction increased with speed at 14 per cent moisture.
A% this mcisture content, it was noticed that the water holding
capacity of the soil was exceeded., The smaller particles of the
soil formed a thin paste with the excess of moisture. This paste
appeared ih the form of a thirx film on the Teflon disk. The values

of friction for this moisture percentage cannct therefore be regard-
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ed as truly representing the friction between Teflon and soil. The

friction was more between soil and soil. This explains the higher
values of friction at higher speeds.

The following conclusions can be drawn for this soils

1, The coefficient of friction was independent of pressure
at lower moisture contents. But at higher moisture contents, the
coefficient of friction decreased with increase in the pressure.

2, The coefficient of friction decreased as moisture ine
creased up to a particular limit, whereas at higher moisture con-
tent, it increased as the moisture increased.

5. The coefficient of friction was independent of speed
for lower meoisture contents, but it increased with the speed at

higher moisture contents.

Soil with 9.6 per cent Clay

The lowest amount of moisture with whieh this soil could
be worked was 4 per cent, Even then, the readings could be taken
only for lower speeds of one and two miles per hour; Ko readings
could be taken for higher speeds, as the particles of soil were
flowing out of the can at these speeds. The moisture was increased
to a maximum of 16 per cent in stages of 4 per cent. It was not
possible to take readings for higher moisture contents, as the
so0il paste started flowing out of thouéan at these moisture con-
tents.

For every stage of moisture content four different pressures

were used; and for each pressure four different speeds were used.
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The values obtained for the force and coefficient of friction for
different moisture contents, pressures and speeds are given in
table IV under Appendix B, The values for the coefficient of frige
tion are plotted in figures 18 to 23, The examination of the fige
ures from 18 to 21 shows that the coefficient of friction was ine-
dependent of pressure at all speeds. Figure 22 shows that the coe
efficient of friction was independent of moisture up to 12 per cent.
The trend of the curves shows that the friction entered the 'C!
phase thereafter, the friction increasing with moisture. Figure
23 indicates that the coefficient of friotion was independent of
speed.

Tﬁo following conclueions can be drawa for this soils

l. The coefficient of friction was independent of pressure.

2. The coefficient of friction varied with the moisture
only at higher percentages of moisture, being independent of
moisture at lower percentages.

5+ The coefficient of friction was independent of the speed.

Seil with 22.4 per eent of Clay
The lowest moisture content with which this soil could be

worked was 10 per cent. The moisture was increased in stages of

2 per cent to a maximum of 22 per cent., For each stage of moisture

content four different pressures were used; and for each pressure

four different speeds were used. The observations made during this

test are given in table V under Appendix B.

The values for the coefficient of friction are plotted in



%I Moisture =16 per cent W
0.2} ]
0.3} 1% O O o) 4
=
o Moisture = 12 per cent
H 0.2+ o
o
@
w
w
(e}
Q (@) O-L
|— .
0.3 » =
H
© Moisture = 8 per cent
w 2% =
oy 0.2
w
o
3
O
i Lo O
0.3 O o
Moisture = 4 per cent
0.2 =
0.1+ =
- R.F.Patil ~
0.0 [ ! ! ! ! 1 ! rortl e
Q%) 0.2 0.3 0.4 05 06 Qi 508 09

PRESSURE - IN: LBS. PER ‘SQUARE - INCH
Figure 18. Coefficient of friction vs. pressure at one mph for
946 per eent clay soil,



57

| 1 [ I T | T T T
0.5 e
04} 5
O Y iy, )
\J \J m
0.3 Moisture = 16 per cent o
0.2 24
0.3} Q -O- o 0 -
-
o Moisture = 12 per cent
- 5
o 0.2 ~
@
e
w
3 a SIRERE i |
o 0.3 =
uz_, Moisture = 8 per cent
O 0.2 )
[V
4 78
w
(o)
o
0.3} o- O - 1.0 —
o2l Moisture = 4 per cent P
0.1+ o
R.F. Patil
0.0 | | | ! 1 ! ! Al s

OA PO 08 . 0.4 05 06 0T 08 09

PRESSURE IN LBS. PER SQUARE INCH
Figure 19. Coefficient of frietion ves. pressure at two mph for

9+6 per gent clay soil,



58

T T T R T T T T [
0.6 pil
0.5} i
0.4} £
O
—O_____O___o
0.3} el
Moisture = |16 per cent
0: 2 £
> (0 /1 8 o =
o
-
o
[i'a
L
: 9 QO O
0.3 (@) £4]
w
o
Moisture = 12 per cent
— 0.2 —
b
-
2 dipk pt
us
W
w
(o)
&)
(GiF 7 @)
0.3 i O ]
Moisture = 8 per cent
0.2} o]
0.1 &
R. F. Patil
oo ! ! | ! 1 | | Vaalin et

0.1 Q2 iy 04,08 0.6 07 08 0.9
PRESSURE "IN LBS. PER SQUARE INCH

Figure 20, Coefficient of friction vs. pressure at 4,06 mph for 9.6
per eent clay soil, ~



< e © o ettt

0.3 =
Moisture = |6 per cent

0.2} ]

0.1+ sl

0.3 ©: O O —0 ]
Moisture = 12 per cent

COEFFICIENT OF FRICTION
(@) o
— N
I |

0.3

0.2}

0.0

Moisture = 8 per cent

J |

| | 1 e

R.F. Patil

|

April 1959

1

0]

0225 0.3
PRESSURE

Odi 05D HONGE O S 0.8

IN. LBS. PER SQUARE

INCH

09

Figure 21, Coefficient of friction vs. pressure at 8.12 mph for 9.6

per cent clay soil.




60

Speed

8.12 M.PH

Gos. o i REEG

0.3 b
0.4
S ~
@ Speed = 4.06 M.P.H.
=
© 0.2
[+ o
('
G Q4
(@]
- B R 4‘———/”/////0
Z:0.3 - (@) (o) ik
w
o Speed = 2.00 M.P.H
h . 0:2
e
w
()
Q 0.4
o o 4.-—’////0
0.3k i w o
AN E Speed = 1.00 M.P.H. :
0.1 7
R.F.Patil
April 1959
0.0 1 4 A 1 | | | g
2 4 6 8 10 12 14 16 18
MOISTURE IN PER CENT

Figure 22, Coefficient of friction vs., moisture at 0.4 psi for

9.6 per cent clay soil.




FRICTION

OF

COEFFICIENT

0.2

0.l

0.3

0.2

O.1

0.3

02

0.0

Figure 23,
9.6 per cent clay.soil.

2

SPEED

Coefficient of friction vs. speed at 0.4 psi for

16 per cent

MILES. PER



62
figures 24 to 19. The behaviour of the coefficient of friction
against pressure is indicated in figures 24 to 27. It iz seen that
2% epeeds of one and two miles per hour, the coefficient of frice
tion wae independent of pressure for 10 per cent moisture. For
‘all other meisture contents except 22 per cent the cogffiéient of
friction decreased as the pressure increased. At 22 per cent
moisture, the coefficient of friction firet inoreased with pressure
and then dropped again. At this melsture it was noticed that at
slow speeds & thin film of the so0il paste wes formed on the Teflen
surface at places and the figures obtained cannot be said to be
truly representing the frictional force between soil and Teflon
but rather soil against soil,

At a speed of 4,06 miles per hour, the coefficient of frice
tion decreased aeg pressure increased for all moisture contentsj
whereas, for the speed of 8.12 miles per hour, the coefficient of
friction was found to be independent of pressure up to 14 per cent
of moisture. Thereafter the coefficient of friction decreased as
pressure increased.

Figure 28 shows that the coefficient of friction increased
with the moisture, the inecrease being more sharp at lower speeds.
The high content of clay seems to be responsible for this kind of
‘behaviour. As the noietnra increased, the soil became more plastic
in nature and resulted in greater adhesion tc the Teflon surface.

Figure §9 shows that the coefficient of friction was inde-

pendent of speed for lower moisture contents up to 14 per cent.
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As the moisture increased, the coefficient of friction decreased
as the speed increased, the decreass being more sharp as the speed
inereased from ome to 4,06 miles per hour. At 18 per cent mcisture,
however, the ccefficient of friction showed 2 tendency of remaining
independent of the speed. '

The following conclusions can be drawn for this soil: :

1. The coefficient of friction generally decreased as the
pressure increzsed particularly at higher moisture coantents,

2, The coefficient of friction inereased as the moisture
content incereased, the inercase being more sharp for lower speeds
and higher moisture contents.

). The coefficient of friction was independent of speed
for lower moisture contents, but at higher moisturs contonts it

decreased with increase in the speed.

Seil with 41.2 per gent of Qluy

This soil remained considerably dry even when moisture was
added up to 15 per cent. The lowest amount of moisture with which
the test could be conducted was 15 per cent. It was 3eﬁcraily
found that as the clay content in the soil inereased, the amount
of moisture which was necessary to add to the soil also increased,
before it could be used in the test. This is because the particles
of clay are smaller in size and more numerous in number than the
particles of silt and sand and therefore have greater specific
surface which has to be coevered with the film of moisture. Accord-

ing to Baver (3), a given weight or volume of two micron clay has



70
fifty times more surface than the same quantity of very fine sand
and has ten times more surface than the weight of silt. The moise
ture in the sample was increased in stages of 2 per cent up tec a
maximum of 32 per cent, The test could not be carried out at higher
percentages of moisture as the soil paste started flowing out of
the can.

For each stage of moisture content, four different pressures
and for each pressure, four different speeds were tried. The reade
ings obtained in the test are recoreded in table VI under Appendix
B¢ The values for the coefficient of friction are plotted against
pressure, moisture and speed in figures 30 to 35, The curves in
figures 30 to 33 indicate that at lower moisture content, the coe
efficient of friction was independent of pressure for all speeds,
except in the case of 8.12 miles per hour, In all other cases,
as the moisture increased, the coefficient of friction generally
decreased with increase in the pressure. In the case of 23, 25
and 27 per cent moisture, at a speed of one mile per hour, the
coefficient of friction had a tendency to increase with the pres-
sure, but it droppqd off again as the pressure increased more.

This is indicated in figure 30. |

Figure 34 represents the behaviour of the coefficient of
friction against moisture. For the moisture contents from 15 per
eent to 25 per cent, it is found that the cosfficient of friction
was either independent of moisture or decreased very slightly

with inerease in the moisture content. This seemed to be in the
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'B' phase, Thereafter the behaviour of the ccefficient of friction
is not uniform. The coefficient of friction generally showed a
tendency to increase with increase in moisture content, having
entered the 'C' phase, even though the curves are not gquite uniform.
At higher speeds, however, the curves appear to smoothen, indicating
“thnt the increase in the coefficient of friction with increase in
the meoisture content is tending to be unéfvim at higher speeds.

Figure 35 shows that the coefficient of friction is inde-
pendent of speed to: lower moisture contents. But for higher moise
ture contents, the coefficient of friction is noticed to be decreas-
ing as the speed increased. At higher moisture contents the ad-
hesion between the soil and Teflon appeared to be greater at lower
speeds than for higher speeds. This greater adhesion seems to be
responsible for greater coefficient of friction at lower speeds.

The following conclusions can be drawn for this soil:

1. The coefficient of frietion is independent of pressure
for low speeds and low moisture contentsi but for high speeds and
high moisture contents, the coefficient of friction decreased
generally as the pressure increased.

2+ The coefficient of friction was either independent or
deoreased very slightly, as the moisture content inereased for
lower percentages of moisture; but it increased generally with ine
crease in moisture content for higher percentages of moisture.

5+ The coefficient of friction was independent of speed

for lower moisture contentsj but for higher moisture contents
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it generally decreased with increase in speed.

Test on Area of Contact

Some tests were also carried out to find whether the area
of contact had any effec¢t on friction. For this purpose four differe
ent cans of the sizes 2.50, 3.00, 3.25 and 3.88 inches in diameter
were used, The tests were made with the soils containing 7.3 and
22;4 per cent clay. In the case of each soil two different moise
ture were taken., For each moisture, two different speeds were
used, The total pressure was kept the same. The observations
made are given in table VII under Appendix B.

Figure 36 shows the behaviour of the coefficient of frictioﬁ
for different areas of contact. It will be seen from the curves
that the area of contact had some influence on the coefficient
of friction. The coefficient of friction generally increased as
the area of contact increased. In the case of 7.3 per cent clay
s0il, however, it is noticed that the increase in the coefficient
of friction existed only when the area was increased from 4.90
square inches to 7.06 square inches. Thereafter the coefficient of
friction remained practically independent of the area. The increase
in the coefficient of friction as the area of contact increased is

more pronounced for «£2.4 per cent clay.

Clay Content of Soil and Teflon/Soil Friction

From the results obtained for different types of soils cone

taining different percentages of clay, an attempt was made to study
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how the cley content in the soil affected friection., Figure 37
shows the effect of clay on the coefficient of friction. The
curves in this figure have been drawn for the same speed, the same
area of contact, the same pressure and the same moisture content,
The ranges of moisture content used for the different clays were
-not identical. In some cases the figures for thisg esnalyeis were
obtained by extrapolating the curves already drawn for those soils
under given eonditioyn.

It will be seen from the curves in figure 37 that the clay

in the soil had an influence on the coefficient of friction. As
{

”e ¢lay content increased the coefficient of friction was found
to increcase up to 10 per cent of clay. Thereafter the ccefficient
of friction was found to decresse as the clay content increased.
This can be explained by the fact that while the soils with

lower elay content had reached the 'C' phase, the soils with highe
er percentages of claf 8till remaind in the '3B' phase for the

same molsture content,

Nichols (12) found that with non-plastic soils, the coeffie
cient of friction varied directly with the colloidal content. His
observations were found to agree in the present tests with the non-
plastic soils, with 5.7, 7.3 and 9.6 per cent of ~lay,

The following were the aversge veluves of the coefficient
of friction for the different soils used in the present tests:

Average Values of the Coefficient of Friction
Clay per cent Static Kinetie

5.7 0.24 0.26
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Average Values of the Coefficient of Friction

Clay per cent Statie Kinetic
T3 0.25 0.30

9.6 0.28 0.33

22.4 0.28 0.34
41.2 0.19 0.31

From the above values for the coefficient of frictiom it is
seen that the static cocefficient of friction was always less than
the kinetic coefficient of friction. Tkis behaviour of Teflon
agread with its property mentioned by the E.I. du Pont de Nemours
and Company (6, and 7).

Since the statie frietion is less than the kinetic friection
in the case of scils, it can be safely assumed that the power
regquired to start the soil movement against the ground engaging
surface of an implement covered with Teflon would be less than the
power required to continue relative motion.

The following values were found by Nichols {10) for the co-
efficient of friction of metal against soils with different pere

centages of colloidal content:

Clay Content Coefficient of
in per cent Friction

0 €.26

8 o 0.36

16 0.40

24 0.47

32 0.51
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These values were for the 'B' phase friction whereas the
average values for Teflon found in the present tests included the
values for the 'C' phase also, which were higher than for 'B'

phase. Comparing the figures obtained for Teflon in the present

tests with those obtained by Nichols given above, it will be found

that the coefficient of friction for Teflon is generally much less
than the coefficient of friction for metal.

Figure 38 shows two curves for the coefficient of friction
against ¢lay, one for lpil/notal friction drawn from the figures
obtained by Nichols, and the other for -eil/Toflon friction drawn
from the figures obtained in the present tintn. The curve for
soil/metal friction shows that there was continous increase in the
coefficient of friction, as the percentage of clay increased.

But the curve for soil/Teflon friction shows that the coefficient
of friction increased with the percentage of clay only for smaller
values. For higher percentages of clay the coefficient of frice
tion shows a tondonéy to decrease as the clay content increased.
This perhaps explains why plastic soils with high percentage of
clay do not stick to the Teflon covered moldboard plow.

The curves also indicate that the coefficient of friction
for soil/Teflon friction is less than the coefficient of friction
for soil/metal friction. The minimum difference happens to be at
about 10 per cent of clay, the coefficient of friction for soil/
Teflon friction being less than soil/metal friction by 0.03. For
the higher clay percentages this difference goes on increasing wup

to 0.18 for 32 per cent of clay.
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CHAPTER VI

CONCLUSIONS

Effect of Pressure on Friction
It was found, in general, that the coefficient of frice

tion was either independent of the unit pressure or decreased as
the pressure increased. For soils with 5.7 and 9.6 per cent clay
content the results indicate that pressure and coefficient of
friction are independent of each other., For soils with 7.3, 22.4,
and 41.2 per cent of clay the results indicate that the coefficient
of friction deoreased as the pressure increasedj although at low
moisture content, it cag'bo assumed they are independent. The
decrease in the value of the coefficient of friction for higher
pressures appears to be due to the lubrication effect produced, as
a result of a part of the moisture being squeezed out under these

high pressures.

Effect of Moisture on Friction

In the case of the soil with 5.7 per cent of clay, the co-
effiecient of friction decreased as the moisture content increased.
This is because the soil being more sandy in nature, the moisture
readily percolated and produced a lubrication effect on the Teflon
surface. For the soil with 7.3 per cent of clay, the coefficient
of friction first decreased as the moisture content increased wup
to a particular limit and thereafter, it increased as the moisture

content increased. This is due to the friction being in the 'B!
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phase for the lower contents of nﬁilturo and entering the 'C' phase
for higher moisture contents.

For the soil with 9.6 per cent of clay, the coefficient of
friction was found to be independent of moisture content, for lower
percentages of moisture. For higher percentages of moisture, the
coefficient of friction increased as the moisture content increased,
This indicates that the friction was in the 'B' phase for lowez
moisture contents and ontoiod the 'C' phase for higher moisture
contents. _

In the case of the soil with 22.4 per cent of clay, the
coefficient of friction was found to increase as the moisture
content increased. Thia soil was worked with moisture contents of
10 per cent and above. It therefore seems that the frietion, in
the case of this soil, entered the 'C' phase at once, owing to
 the high moisture ccutent.

For the soil with 41.2 per cent of clay, the coefficient
of friction was either independent or decreased slightly, as the
moisture content 1ncrcaaedlup to 25 per cent moisture, For higher
moisture coniontu, the coefficient of friction generally ircreased
as the moisture content increased. This behaviour also shows that
the friction was in the 'B' phase for lower moisture contents and

entered the 'C' phase for higher moisture contents.

Effect of Speed on Friction
It was generally found that in the case of all soils, for

lower moisture contents, the coefficient of friction was inde-
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pendent of the speed. It varied with speed for higher moisture
contents in the case of soils with 7.3, 22.4, and 41.2 per cent

of clay.

Effect of Area of Contact on Friction

It was found that the area of contact had some effect on the
coefficient of friction. The coefficient of friction generally

increased directly with the area of contact even though slightly.

Effect of Soil Clay Content on Priction

For all clay contents, the static friction was found to be
less than the kinetic friction. The kinetic friction increased as
the clay content increased from 5.7 per cent of clay to approxi-
mately 10 percent and thereafter it decreased slightly as the
clay content increased up to 41.2 per cent of clay. The coeffi-
cient of friction for soil/Teflon friction was found to be less
by 0.03 than the coefficient of friction for aoil/iotal friction,
when the clay content was 10 per cent. The difference bectween the
two coefficients increased as the clay content increased from 10
per cent to 32 per cent. The coefficient of friction for soil/
Teflon friction was less by 0.18 when the clay was 32 per cent.
Ag the friction of Teflon against soil is less than the friction
of metal against soil, it can be assumed that the power required
for working the implements covered with Teflon will be less as
compared with the implements made of metal.

It therefore appears that Teflon can be used with ad-

vantage in agricultural implements such as moldboard plows, disk
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plows and disk harrows to reduce the power requirement for primary
and secondary tillage. The only drawback in the wide use of Teflon
in tillage machinery is its present high cost; however cheaper
varieties of Teflon can be adapted for use in agricultural machi-
neryj such as Kelon - C, manufactured from the scraps of Teflon,

which costs less and has greater wear resistance than uncompounded

Teflon,



CHAPTER VII
RECOMMENDATIONS AND SUGGESTIOHS FOR FUTURE STUDY

Owing to the property of low coefficient of friction, it
seems that Teflon can be used in the construction of tillage tools
not only for improving thelr scouring dut also for redueing their
power requirements. Tests have been conducted at Hawaii (1,20)
primarily to study the scouring properties of the Teflon covered
moldboard plows, while working in plastic soils. It appears that
no definite studies have been made with regard t» the reduction in
the power requirements of the tillage tools covered with Teflon.
It is therefore fccommended that field studies should be undere
taken with some of the tillage tools covered with Teflom, to find
how much power can be reduced by using Teflon covered tillage
tools as compared with metal tools.

Since the compounded Teflon has better properties than une
compounded Teflon, it is suggested that the field tests should
include studies to find which additive is most suitable for worke
ing with soils and also to find whether the compounded Teflon is
cheaper and more lasting than other varieties.

Teflon is aveilable in the form of tape, sheets, rods, tubes,
coated fibres, coated wire, wire enamels, molded parts ete.
Studies should therefore be conducted to find which form of Teflon
is more convenient and economical to use. Whether, for instance,
painting of metal surfaces is more convenient and economical than
to cover the metal surfaces with Teflon tape or sheeting or molded

parts to fit the surfaces of metal parts of tillage tools.



CHAPTER VIII
SUMMARY

The bulk of the emergy absorbed in tillage is used in soil/
implement frietion and tillage implements are materially affected
by soil friction. If the tillage operations on the farms have to.
be more economical, power must be reduced. If the power has to be
reduced without affecting the quality of tillage, uoil/inplonent
friction which absorbs the bulk of the energy should be reduced.
In order to reduce soil/implement frietion, the surface of the
implement should be of such material that it has a lower coeffie-
cient of friction than the conventional metals like steel.

"Teflon", tetrafluorcethylene resins, developed by E.I. du
Pont de Nemours and Company, Wilmington, Delaware, are found to
possess the lowest ccefficient of friction of all known solids.
These resins are also found to have non-adhesive properties and
are not affected by moisture. They aré chemically inert and
corrosion resistant. These resins can therefore be used with
advantantage in the comstruction of tillage tools to reduce power
and heuce to reduce the cost on tillage.

The present study was made to find the friction charace
teristics of Teflon against soil. Five different soils contain-
ing 5.7y Te3y 9.6, 22.4 and 41.2 per cent of clay were used in the
tests, The soils were worked with different percentages of moisture.

For each stage of moisture content, four different pressuresj and
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for each pressure, four different speeds were used.

The method employed in conducting the tests was the same as
used by Richter (16) and Reddy (15). A Teflon covered disk, forty-
eight inches in diameter, was made to rotate at different speeds,
by an electrically powered tapping machine, through a series of Ve
belts and pulleys. Open oﬁdod eylindrical cans were used to hold
the soil., The soil was packed in these cans and kept on the Teflon
disk, taking care to see that £ho edges of the can did not come in
contact with the Teflon surface. .A string was carried to a sen-
sitive detectogram scale from a hook on the lowermost position of
the can. When the Teflon disk rotated, the soil can was held sta-
tionary by the string and the force of friction was read from the
detectogram scale.

Generally the coefficient of friction remained independent
of pressure for lower clay contents and lower moisture contents;
but it decreased with increase in pressure for higher clay contents,
when the moisture increased. For loier moisture contents, the co-
efficient of friction was either independent of moisture or dee
creased as moisture increased ; for higher moisture contents,
it inereased as the moisture content increased., When the moisture
contents were low, the coefficient of friction remained independent
of the speed but it varied with the speed for higher moisture con-
tents. The coefficient of friction generally increased ar the
area of contact increased and varied with the clay content of the

soil.
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As a result of the test it was found that the static co-
efficient of friction was less than the kinetic coefficient of
friction. It was also found that the coefficient of friction of
Teflon against soil was less than the coefficient of friction of
metal against soil. There is, therefore, a possibility of re-
ducing the power required to work agricultural machinery such as
tillage tools, by providing the working parts with a cover of

Teflon.
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OBSERVATIONS FOR DETERMINING TUE SPERD OF TEFLON DISK AT

18 INCEES RADIUS
DATE OF TESTs: January 28, 1959

POSITION OF GEAR ON TAFPIRG VACHINE: Back

97

Cone
Pulley Pulley

Speed at 18"

on on Number Revolutions Radius

Tapping Jack Motor of Time Taken per ft.7

Machine  Shaft Speed Revolutions Min. Sec. Minute min. mph
Fo. 1 No. 1 Low 5 1 1‘ 4006 38.2 0.43
No. 1 No. 1 High 10 1 14 8.12 76.4 0.87
o, 1 No. 2 Low 100 1 44 577 543.0 6.17
Ne. 1 flo. 2 High 100 - 52 115.4 1086.0 12.34
No. 2 No. 1 Low 5 1 52 2.68 25.25 0029
No, 2 No. 1 High 10 1 52 536 50.50 0.57
No. 2 No« 2 Low 50 1 19 38.0 357.5 4.0‘6
No: 2 No. 2 High 100 1 19 76.0 715.0 8.12
No. 5 No. 1 Low 5 4 55 1.018 9.58 0.11
No. 3 No., 2 Low 10 - 41 14.65% 138.0 1.57
No. 3 No. 2 High 20 - 41 29.3 276.0 3.14
No. 4 No. 1 Low 5 7 48 0.64 6.04 0.07
No. 4 No. 1 High 10 7 48 1.28 12,08 0.14
No. 4 No. 2 Low 10 1 04 9.23% 87.0 1.00
No. 4 No. 2 High 20 1 04 18.46 174.0 2.00
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TARLE IX

READINGS FOR TESTS ON TEFPLON AGAINST 5.7 PER CENT CLAY SOIL

DATE OF TESYT: Mareh 17, 1959
SIZE OF CAN USED: Diesmeter 3.2% inches
Hoizht 4.5 inches
Area 8.35 8q. inches
TEMPERATURE: 76° F

Weight :
of Test Total Friction
Meoisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil in Weight (R) in in in (F) in of Friction
sent 1bs. in lbs. lba. psi. mph. 1lbss F/R

2 1.17 0.6 3.8 0.22 - 0.48 0.26
1.17 1.66 2.8 034 - 0.68 0.24

1017 2.66 3085 0046 - 0.88 0025

1017 5066 4.85 0058 b 1-02 0021

2 1.17 0.66 1,83 0.22 1.00 0.54 0.30
1.17 1.66 2:83 0.34 1.00 0.86 0.30

1.17 2,66 3.83 0.46 1.00 1.06 0.28

1.17 3.66 4.83 0.58 1.00 1.32 V.27

2 1.17 0.66 1.8 0.22 2,00 056 0.31
1.17 1.66 2.8 0.34 2.00 0.84 0.30

1.17 2.66 3.83 0.46 2,00 1.12 0.29

1.17 .66 4.83 0.58 2.00 1.38 0.29

4 1.19 0.66 1.85 Q.22 - 0.46 0.25
1.19 1.66 2,85 0.34 - 0.67 0.24

1019 2‘66 3.85 0.46 - 0.92 002‘

1.19 3,66 4.85 0.58 - 1,10 0.23

4 1.19 0.66 1.85 Q.22 1.00 Q.52 Q.28
' 1.19 1.66 2.85 0.34 1.00 0.78 0.27
1.19 2.66 3.85 0.46 1.00 1.05 0.27

1.19 3.66 4.85 0,58 1.00 1.34 0.28

4 1.19 0.66 1,85 0.22 2.00 0.52 0.28
1.19 1.66 2.85 0.34 2.00 0.82 0.29

1.19 2,66 3.85 0.46 2.00 1.10 .28

1.19 3.66 4.85 0.58 2.00 1.32 0.27

4 1.19 0.66 1.85 0.22 4,06 0.52 0.28
1.19 1.66 2.85 0.34 4.06 0.82 0.29
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TABLE II (continued)

READINGS FOR TESTS ON TEFLON AGAINST 5.7 PER CENT CLAY SOIL

Weight
of Test Total Friction ‘
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Seil im Weight (R) in in in (F) in of Friction

cent 1bs. in lbs. 1bs. psi. mph. 1bs. F/R
\ 4 1.19 2,66 3.85 0.46 4.06 1.08 0.28
1.19 3.66 4,85 0.58 4.06 1.34 0.28

4 1.19 0466 1.85 0.22 8.12 0.48 0.26
1,19 1.66 2,85 0.34 8.12 0.74 0.26

1.19 2,66 3.85 0.46 B8.12 0.98 0.25

1.19 3.66 4.85 0.58 8.12 1.26 0.26

6 1.21 0.66 1.87 0.22 - 0.52 0.28
1021 1066 2.07 0034 - 0.68 0024

1.21 2.66 3.87 0.46 - 0.94 0.24

1021 5i66 4.87 0058 - 1.08 0022

6 1.21 0.66 1.87 0.22 1.00 0.52 0.28
1.21 1.66 2.87 0.34 1.00 0.78 0.27

1.21 2,66 3.87 0.46 1.00 1.02 0.26

1.21 3.66 4.87 0.58 1.00 1.26 Oezb

6 1.21 0.66 1.87 0.22 2,00 0.50 0.27
< 1.21 1.66 2,87 0.34 2.00 0.76 0.26
1.21 2.66 3.87 0.46 2,00 0.98 0.25

1.21 3.66 4.87 0.58 2,00 1.28 0.26

6 1.21 0.66 1.87 0.22 4.06 0.52 0.28
1.21 1.66 2.87 0.34 4.06 0.78 0427

1.21 2,66 3.87 0.46 4.06 1.04 0.27

1.21 5.66 4.87 0058 4.0‘ 1.54 0028

6 1.21 0.66 1.87 0.22 8.12 0.54 0.29
1.21 1.66 2.87 0434 8.12 0.78 0.27

1.21 2.66 3.87 0446 8.12 1.02 0.26

1.21 3.66 4.87 0.58 8.12 1.28 0.26

8 1.23 0.66 1.89 0.23 - 0.50 0.26
1.23 1.66 2,89 0.35 - 0.68 0.24

1.23 2,66 3.89 0.47 - 0.68 0.23

1023 5066 4q89 0059 - 1006 0022

8 1.23 0.66 1.89 0.23 1.00 0.52 0.28
8 1.23 1.66 2,89 0.35 1.00 0.78 C.27



TABLE II (continued)

READINGS FOR TESTS ON TEFLON AGAINST 5.7 PER CENT CLAY SOIL

Weight
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil im Weight (R) in in in (P) in of Friction

cent 1bs. in lbs. 1bs. psi. mph. 1bs. F/R

8 1.23 2.66 3.89 0.47 1.00 0.98 0.25
1.23 3.66 4.89 0.59 1.00 l.22 0.25
8 1,23 0.66 1.89 0.23 2.00 C.48 0.25
1.23 1.66 2,89 0.35 2.00 C.74 0.26
1.23 2.66 5.89 0.47 2.00 0.94 0.24
1.23 3.66 4.869 0.59 2.00 1.18 C.24
8 1.23 0.66 . 1.89 0.23 4.06 0046 0024
1.23 1.66 2,89 0.35 4.06 0.68 Ce24
1.23 2.66 3.89 0.47 4.06 .88 0.23
1.23 3.66 4.89 0.59 4.06 1.14 0.23
8 1.23 0.66 1.89 0.23 8.12 C.44 0.23
1.23 1.66 2.89 0.35 8.12 0.68 0.24
1.23 2,66 589 0.47 8.12 .88 0.23
1.23 3.66 4.89 0.59 8,12 1.12 0.23
10 1025 0066 1091 0025 et 0145 0025
1625 1.66 2091 0035 - 0080 0028
1.25 2.66 3.91 0047 d 1008 0028
1425 3066 4591 0059 - 1050 0027
10 1.25 0.66 1.91 0.23 1.00 C.45 0.24
1.25 1.66 291 035 1.00 0.74 0.25
1.25 2,66 3.91 0.47 1.00 0.98 0.25
1.25 3.66 4.91 0.59 1.00 1.25 .25
10 1.25 0.66 1.91 0.23 2,00 C.50 0.26
1.25 1.66 2,91 0.35 2.00 0.74 0.25
1.25 2,66 3:91 0.47 2.00 0.96 0.24
1.25 3466 4.91 0.59 2.00 1.15 0.23
10 1.25 0.66 1.91 0.23 4.06 Ce50 0.26
1.25 1.66 2.91 0435 4.06 0.72 0.25
1.25 2.66 3.91  0.47 4.06 0.94 0.24
1.25 3.66 4.91 0.59 4.06 1.34 027
10 1.25 0.66 1.91 0.2 8.12 0.46 0.24
1.25 1.66 2.91 0.35 8.12 0.70 0.24
1.25 2.66 3.91 0.47 8.12 0.96 0.24
1.25 3.66 4.91 0.59 8.12 1.18 0.24
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TABLE III

READINGS FOR TESTS ON TEFLON AGAINST 7.3 PER CENT CLAY SOIL

DATE OF TEST: March 25, 1959
SIZE OF CAN USED: Diameter 3.25 inches
Height 4.5 inches
Area 8.35 Sq. inches
TEMFERATURE: 80° F.

Weight
of Test Total Frietion
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil im Weight (R) in in in (P) in of Friction
cent 1bs. in lbs., 1bs. pei. mph., 1bs, F/R
4 1.19 0.66 1.85 0.22 - 0.54 0,29
1.19 1.66 2,85 0.34 - 0:74 0.26
1.19 2.66 3.85 0.46 - 0.90 0.23
1.19 3066 4.85 0058 - 1015 0.24
4 1.19 0.66 1.85 0.,22 1.00 0.62 0:34
1.19 1.66 2.85 0,34 1.00 0.92 0.32
1.19 2.66 5.85 0.46 1.00 1:.18 0.31
1.19 3.66 4.85 0.58 1.00 1,50 0.31
4 1.19 0.66 1.85 0.22 2,00 0:58 0.31
1.19 1.66 2.85 0.34 2,00 0.88 0.31
1.19 2.66 3.85 0.46 2,00 1.24 0.32
1.19 3.66 4.85 0:58 2,00 1:.52 0.31
4 1.19 0.66 1.85 0.22 4.06 0.58 0.31
1.19 1.66 2.85 0.34 4.06 0,88 0.31
1.19 2.66 3.85 0:46 4.06 1.14 0.30
1.19 3.66 4,85 0.58 4.06 1.48 0.31
4 1.19 0.66 3:85 0,22 @8;)12 0.56 0.30
1.19 1.66 2,85 0,34 8,12 0.84 0.30
1.19 2.66 585 0.46 8,12 1.14 0.30
1.19 3.66 4.85 0,58 8.12 1.40 0.29
6 1.21 0066 1.87 0022 d UQF)O °¢27
1.21 1,66 2.87T 0.34 - 0,68 0.24
1.21 2.66 3.87 0.46 - 0.88 0.23
1.2) 3.66 4.87 0,58 - 1.07 0.22
6 1.21 0.66 1:87 0,28 1,00 0.58 G.31
1.21 1.66 2,87 0.34 1.00 0.88 0.31
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TABLE III(continued)

READINGS FOR TESTS ON TEFLON AGAINST 7.3 PER CENT CLAY SOIL

Weight
of Test
Moisture Can &

Total
Additional Weight
Weight (R) in

Friction
Pro::“r' Speed Force Coefficient
: in (®) in of Frictiom

‘ieg‘:" s°i%sf‘ in 1bs,  1lbs. psi, mph., 1lbs,. v/R

6 1,21 2,66 3.87 0.46 1.00 1.16 0.30
1.21 3.66 4.87 0.58 1.00 1.43 0.29

6 1,21 0.66 1.87 0.22 2.00 057 0.30
1.21 1.66 2.87 0.34 2,00 0.86 0639

1.21 2,66 3.87 0.46 2,00 1.16 0.30

1.21 3.66 4,87 0.58 2,00 1.44 0.30

6 1.21 0.66 1.87 0.22 4.06 0.62 033
1.21 1.66 2,87 0434 4.06 0.50 0.31

1.21 2.66 3.87 0.46 4.06 1.18 .30

1.2 3.66 4.87 0.58 4.06 1.45 - 0430

6 1.21 0.66 1.87 0O.22 8.12 0.60 0.32
1.2} 1-66 ) 2.87 0034 8012 0090 0.}1

1,21 2,66 3.87 0.46 8.12 1.20 0.31

1.21 3.66 4.87 0.58 8.12 1.48 0.30

8 1.23 0.66 1.89 0.23 - 0.40 0.21
1923 1.66 2489 0055 - 0'62 0«21

1.23 2.66 3.89 0.47 - 0.82 0.21

; 1.23 3.66 4.89 0.59 - 1.20 0.25
8 Y23 0.66 1.89 0.23 1.00 0.55 0.29
1.23 1.66 2,89 0.35 1.00 0.83 0.29

1.23 2,66 3.89 0.47 1.00 1.10 0.28

1.23 3.66 4.89 0.59 1.00 1.30 0.27

8 1.23 0.66 1.89 0.23 2.00 0.54 0.29
1.23 1.66 289 0.35 2.00 0.78 0.27

- 123 2.66 3.89 0.47 2.00 1.00 0.26

1.23 3.66 4.89 0.59 2.00 1.32 0.27

8 1.23 0.66 1.89 0.23 4.06 0.54 0.29
1.23 1.66 2,89 0.35 4.06 0.84 . 0.29

1.23 2,66 3489 0,47 4.06 1.06 0.27

1.23 3.66 4,89 0.59 4.06 1.30 0.27

8 1.23 0.66 1.89 0.23 8.12 0.56 0.30
1.23 1.66 2.89 0.35 8.12 0.84 Ve29

1.23 8.12 1.10 0.28

. .

2,66 5.89 0.47

. «
" .



READINGS FOR TESTS ON TEFLON AGAINST 7.3 PER CENT CLAY SOIL

TABLE III (continued)

Moisture

Weight
of Test
Can & Additional Weight FPressure Speed Force

Total

Friection

in per Soil in Weight (R) inm in (F) in of Friction
cent 1lbs. in lbs. 1bs. pei. 1lbs.
8 1.2% 3.66 4.,89 0.59 1.34 0.27
10 1.25 0.66 1.91  0.23 0.48 0.25
1.25% 1.66 2.91 0.35 0.69 0.24
1.25 2,66 391  0.47 0.95 0.24
1.25 3.66 4,91 0.59 1.22 0.25
10 1.25 0.66 1.91 0.23 0.55 0.29
1.25 1.66 2,91 0.35 0.82 0.28
1.25 2,66 3.91 0.47 1.08 0.28
1.25 3.66 4.91 0.59 1.34 0.27
10 1.25 0.66 1.91 0.23 0.54 0.28
1.25 1,66 2.91 0.35 0.82 0.28
1.25 2.66 3.91 0.47 1.09 0.28
1.25 3.66 4.91 0.59 1.35 0.28
10 1.25 0.66 1.91 0.23 0.60 0.31
1.25 1.66 2,91 0.35 0.88 0.30
1.25 2,66 3.91 0.47 1.14 0.29
1.25 3.66 4,91 0.59 1.43 0.29
10 1.25 " 0.66 1.91 0.23 0.54 0.28
1425 1.66 2.91 0.35 0.82 0.28
1.25 2,66 3491  0.47 1.10 0.28
1.25 3.66 4.91 0.59 1.40 0.28
12 1-27 0066 1-95 0025 - 0058 0050
1.27 1.66 2.95 0035 > 0.82 0028
1.27 2,66 3495 0.47 - 1.08 0.28
1.27 3,66 4,93 0.59 - 1.28 0.26
12 1.27 0.66 1.95 0.23 1.00 0.66 0.34
1.27 1.66 2.935 0.35 1.00 0.92 0.31
1.27 2.66 393 0.47 1.00 1.18 0.30
1.27 3.66 4.9 0.59 1.00 1.44 0.29
12 1.27 0.66 1+93 0O«23 2.00 0.55 0.28
1027 1.66 2093 0055 2000 5 0.85 0029
1.27 2,66 3.9 0.47 2,00 1.15 0.29
1.27 3.66 4.93 0.59 2,00 1.46 0.30

Coefficient



TABLE III(continued)
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READINGS FOR TESTS ON TEFLON AGAINST 7.3 PER CENT CLAY SOIL

Weight
of Test

Total

Moisture Can & Additional Weight Pressure Speed

Friction
Force Coefficient

in per Soil in Weights (R) in in in (F) in of Friction

cent 1bs. in 1lbs. 1bs. psi. mph. 1bs. F/R
12 1.27 0.66 1,93 0.23 4,06 0.55 0.28
1027 1.66 2693 0055 4006 0086 0029

1.27 2.66 3:93 0.47 4.06 1.13 0.29

1.27 3,66 4,95 0.59 4.06 1.40 0.28

12 1,27 0.66 1.9% 0.25 .12 0.54 0.28
1027 1066 2.93 0635 8.12 0084 0029

1.27 2.66 3.93  0.47 8.12 1,12 0.28

1.27 3.66 4.93 0.59 8.12 1.40 0.28

14 1,29 0.66 1.95 0.23 - 0.58 0.30
1.29 1‘66 2.95 0655 - 0085 0929

1.29 2,66 3.95 0.47 - 1.15 0.29

1.29 3.66 4,95 0,59 - 1,30 0.26

14 1.29 0.66 1.95 0.23 1.00 0.68 0.35
1.29 1.66 2.95 0.35 1.00 1.04 0.35

1029 2066 3095 0647 1.00 l.22 0031

1.29 3.66 4,3; 0.59 1.00 1.58 0.32

14 1.29 0.66 1s 0.23 2,00 0.70 0.36
1.29 1.66 2,95 0.35 2,00 0.98 0.33

1.29 2,66 3.95 0447 2,00 1.24 0.31

1.29 3.66 4.95 0.59 2.00 1.45 0.29

14 1.29 0.66 1,95 0.23 4.06 0.75 0.38
- 1.29 1.66 2,95 0.35 4.06 1.00 0.34
1.29 2.66 3.95 0.47 4406 1.30 0.33

1.29 3,66 4.95 0.59 4.06 1.58 0.32

14 1.29 0.66 1.95 0,23 8.12 0.78 0.40
1.29 1.66 2,95 0.35 8.12 1.02 0.35

1.29 2.66 3.95 0,47 8.12 1.35 0.34

1.29 3.66 4,95 0,59 8.12 1.70 0.34




DATE OF TEST:
SIZE OF CAN USED:

TABLE IV

April 1, 1959
Diameter 3%.25 inches
Height 4.5 inches
Area 8.35 8q. inches

READINGS FOR TESTS ON TEFLON AGAINST 9.6 PER CENT CLAY SOIL

TEMPERATURE:  78° F.
Total Friction
Moisture Can & Additional Weight Pressure Sreed Force Coefficient
in per Soil in (R) in in (#) in of Friction

1bs, pei. F/R
1.19 0.66 1.85 0.22 0.34
1.19 1,66 2.85 0.34 0.28
1.19 2,66 3.85 0.46 0.26
1.19 3.66 4.85 0.58 0.26
1019 0066 1.85 0022 0055
1.19 1.66 2.85 0.34 . 0.33
1.19 2,66 3.85 0.46 . 0.32
1.19 3.66 4.85 0.58 0.31
1.19 0.66 1.85 0.22 0.30
1.19 1,66 2.85 0.34 0.30
1.19 2,66 3.85 0.46 0.30
1.19 3.66 4.85 0.58 0.31
1.25 0«66 1&89 0025 0028
1.25 1.66 2.89 0.35 0.28
1025 2-66 )089 0047 0.27
1.23 3.66 4.89 0.59 0.27
1.25 0066 1089 0023 0035
1.23 1.66 2.89 0.35 0.33
1.23 2.66 3:89 0.47 0.32
1.23 3 4.89 0.59 0.31
1.23 1.89 0.23 0.33
1.23 2.89 0.35 0.33
1.23 5.89 0447 0.32
1.23 4.89 0.59 0.31
1.23 1.89 0.23 0.33
1.23 2,89 0.35 0.32
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TABLE IV (continued)

READINGS FOR TESTS ON TEFLON AGAINST 9.6 PER CENT CLAY SOIL

Weight
of Test Total Friction
Moisture Can & Additional Weight FPressure Speed Force Coefficient
in per Soil in Weight (R) in in in (F) in of Frietion
cent 1bs. in lbs. 1lbs. pei. mph. lbs. F/R

8 1.25 2066 5089 0047 4006 1.28 0033
1.23 3.66 4,89 0.59 4.06 1,52 0.31

8 1.23 0.66 1.89 0.23 8.12 0.62 0.33
1.23 1.66 2,89 0.3 8,12 0.94 0.32

1.23 2.66 3.89 0.47 8.12 1.26 0.32

1.23 3.66 4.89 0,59 8.12 1.54 0.32

12 l.27 0.66 1.93 0.23 - 0.53 0.27
1.27 1066 2095 0055 - 0078 0027

1.27 2,66 3493 0447 - 1.06 0.27

l.27 3.66 4.93 0.59 - l.28 0.26

12 1.27 0.66 1,95 0.23 1.00 0.60C 0.31
1.27 1.66 2,93 0.35 1.00 0.90 0.31

1.27 2.66 3,93 0.47 1.00 1.20 0.31

1.27 3.66 4,93 0.59 1.00 1.45 0.30

12 1.27 0.66 1.93 0.23 2,00 0,60 0.31
1.27 1.66 2,93 0.35 2,00 0.88 0.30

1.27 2,66 3.93 0.47 2,00 1.18 0.30

1.27 3466 4,93 0.59 2.00 1.45 0.30

i2 1.27 0.66 1.93 0.23 4.06 0.65 0434
1.27 1.66 2,93 0.35 4.06 0.96 0.33

1.27 2.66 3.93 0.47 4.06 1.24 0.32

1.27 3.66 4.93 0459 4.06 1.54 0.31

12 1.27 0.66 1.9% 0,23 8.12 0.60 0.31
1.27 1.66 2,95 0.35 8.l12 0.92 0.31

1.27 2,66 3493 0.47 8.12 1,22 0.31

1.27 3466 4.95 0.59 8.12 1.54 0.31

16 1.31 0.66 1.97 0.24 - 0.56 0.28
1.31 1,66 2,97 0.36 -~ 0.84 0.28

1.31 2,66 3.97 0.48 - 1.15 0.29

1.31 3066 4.97 0060 - 1.41 0028

16 1.31 0.66 1.97 0.24 1.00 0.72 0.37
- 131 1,66 2,97 0.36 1.00 1.04 0.35

1.31 2,66 3.97 0.48 1.00 1.36 0.34

1.31 3.66 4.97 0.60 1.00 1.74 0.35



TABLE IV (continued)

READINGS FOR TESTS ON TEFLON AGAINST 9.6 PER CENT CLAY SOIL

Weight
of Test Total

in per Seoil im Weight (R) in

Friction
Moisture Can & Additional Weight Pressure Speed Force

Coefficient
(F) in of Frictiom

cent 1bs. in 1be., 1bs. F/R
16 1.31 0.66 1.97 0.24 0.74 0.38
1.31 1.66 2.97. 0.36 1.06 0¢36
1.31 2.66 3.97 0.48 1.42 0.36
1.31 3.66 4.97 0.60 1.75 035
16 1.31 0.66 1.97 0.24 0.74 0.38
1.31 1.66 2.97 0.36 1.08 0.36
1.31 2.66 3.97 0.48 1,42 0.36
1,31 3.66 4.97 0.60 1.75 0.35
16 1.31 0.66 1.97 0.24 0.67 0.34
1,31 1.66 2.97 0.36 1.02 0.34
1.31 2,66 3.97 0.48 1.38 0.35
1.31 3.66 4.97 0.60 1.70 0.34




READINGS FOR TESTS ON TEFLON AGAINST 22.4 PER CENT CLAY SOIL

DATE OF TEST: April 27, 1959
SIZE OF CAN USED: Diameter 3.25 inches
Height 4.5 inches
Area 8.35 8Sq. inches
TEMPERATURE: 84° F,

Weight )
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil im Weight (R) in in in (P) in of Frictiom
cent 1vs. in 1bs. 1bs, psi. aph. 1lbas, F/R

10 1025 0.64 1089 0023 - 0045 0024
1.25 1.64 2,89 0435 - 0.67 0.23
1.25 2.64 5.89 0047 - 0.86 0.22
1.25 }064 4589 0.58 - 1.15 0.24
10 1.25 0.64 1.8 0.23 1.00 054 0.29
1.25 1.64 2,89 0435 1.00 0.82 .28
1.25 2.64 3.89 0.47 1.00 1.06 0.27
1.25 2.64 4.89 0.58 1.00 1.37 C.28
10 1.25 0.64 1.89 0.23 2.00 Q.54 0.29
1.25 1.64 2,89 0,35 2.00 C.84 0.29
1.25 2,17 3.42 0.41 2,00 0.98 0.29
1.25 3.17 4.42 0.53 2.00 1.25 0.28
10 1.25 0.64 1.89 0.23 4.06 0.54 0.29
1.25 1.64 2.89 0.35 4,06 0.72 0.25
1.25 2.17 3442 0441 4.06 0.94 .28
1.25 3.17 4.42 0.53 4.06 1.12 0.25
10 1.25 0.64 1.89 0.23 8&.12 0.54 .29
1.25 1.17 2,42 0.35 8.12 0.68 Q.28
1.25 2.17 3+42 0.41 8,12 0.94 0.28
1.25 3.17 4.42 0.53 8.12 1.20 0.27
12 1.27 0.64 1,91 0.23 - 0.53 0.28
1.27 1.64 2.9, . 0.3 “ 0.75 0.26
1.27 2.64 391  0.47 B 1.00 0.26
1027 5064 4)91 0059 » 1.28 0026
12 1.27 0.64 1.91 0.23 1.00 0.64 0.34
1.27 1.17 2.44 0.29 1.00 0.82 0.34
1.27 2.17 3.44 0.41 1.00 1.10 0.32
1.27 3.17 4.44 0.55 1.00 1.33 0.30




TABLE V (continued)
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READINGS FOR TESTS ON TEFLON AGAINST 22.4 PER CENT CLAY SOIL

Weight
of Test Total Friction :

Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil in  Weight (R) in in in (F) in of Priction

cent 1bs. in lbs. 1bs, psi. mph., 1be, F/R

12 1.27 0.64 1.91 0:23% 2,00 0.62 0.32

: 1.27 117 2444 0,29 2,00 0.76 0,31

1.27 2.17 544 04,41 2,00 1.05 0.30

1.27 3617 4.44 0,535 2.00 1.30 C.29

12 1.27 0.64 1491 0.23 4.06 0.60 0.31

1,27 1.17 2444 0.29 4.06 0.74 030

1.27 2.17 344 0441 4.06 1,02 0.30

1.27 3.17 4.44 0453 4.06 1.25 0.28

12 1.27 0.64 1491 0,23 0,12 0.58 0.30

1.27 1.17 2:44 0.29 8.12 Q.72 0.30

1.27 2:17 3444 0,41 8512 1,02 0.30

1.27 3,17 4.44 0.55 8,12 1.24 0.28

14 1.29 0.64 1.93 0.253 - Q452 0.27

| 1.29 1.17 2.46 0.30 ‘- 0.65 0.26

1.29 2,17 3.46 0.41 - 0.88 0.25

1.29 3617 4446 0453 - 1.11 0.25

14 1.29 0.64 1:9% 0.23 1,00 0.58 0.30

: 1.29 1417 . 2.46 0,30 1,00 0.73 030

1.29 2,17 3446 0.41 1.00 0.98 0.28

; . 1.29 3.17 4.46 0.53 1.00 1.25 0.28

14 1.29 0.64 1,95 0.25 2,00 0.56 0.29

1.29 1.17 2,46 0,30 2.00 0.70 Q.28

1.29 2617 3446 0441 2,00 0.98 0,28

1.29 3617 4.46 0.53 2,00 1.20 0.27

14 1.29 0.64 1,93 0.23 4.06 0.65 0.34

1.29 1.17 2.46 0.30 4.06 Q.78 0,32

1.29 2.17 3.46 0.41 4.06 1.08 0,31

1.29 5.17 4-46 0.55 4.06 ll34 o 0.30

14 1.29 0.64 1.93 0.2% 8.12 0,60 0,31

1.29 1.17 2,46 0,30 8,12 0.74 0.30

1.29 2,17 3.46 0.41 8,12 1.00 0;29

i.29 3.17 4.46 0.53 8.12 1.28 0.29

16 1'31 0o64 l.9§ 0023 - 0056 0.29
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TABLE V (continued)

READINGS FOR TESTS ON TEFLON AGAINST 22.4 PER CENT CLAY SOIL

Weight
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force (Coefficient
in per Soil in Weight (R) in in in (F) in of Friction
cent 1bs. in lbs. 1bs. psi. mph. 1lbs. F/R
16 1031 1017 2.45 0050 - 0.68 0.27
1.31 2.17 3.48 0.42 - 0.88 0.25
1.51 3017 4048 0054 - 1018 0026
16 1.31 0.64 1.95 0.23 1.00 0.72 037
1.31 1.17 2,48 0.30 1.00 0.90 0436
1,31 2.17 3.48 0.42 1,00 l.22 0.35
1.31 3.17 4.48 0.54 1.00 1.52 0.34
16 1.31 0.64 1.95 0.23 2,00 0.66 0.34
1,31 1.17 2.,48 0.30 2,00 0.82 0.33
1.31 2,17 3.48 0.42 2,00 1.10 0.32
1.31 3.17 4.48 0.54 2,00 1.35 0.30
16 1,31 0.64 1.95 0.23 4.06 0.57 0.29
1.31 1.17 2.48 0.30 4.06 0.72 0.29
1.31 2,17 3.48 0.42 4.06 0.95 0.27
1.31 3.17 4,48 0.54 4.06 1.20 0.27
16 1.31 0.64 1.95 0.23 8.12 0.58 030
1.31 1.17 2.48 0.30 8.12 0.74 0.30
1.31 2.17 5.48 0.42 8.12 0.98 0.28
1.31 3617 4.48 0.54 8,12 1.20 0.27
18 1.33 0.64 1.97 0.24 - 0.58 0.29
1.33 1.17 2,50 0.30 - 0.81 0,32
1.33 2.17 3.50 0.42 - 1.08 0.31
10}5 5017 4050 0054 - 1.52 0029
18 1.33 . 0.64 1.97 0.24 1.00 '0.74 0.38
1.33 “ 1417 2,50 0.30 1.00 0.92 0.37
1.33 2.17 3.50 0.42 1,00 1.25 0.36
1.33 3.17 4.50 0.54 1.00 1.50 0.33
18 1.33 0.64 1,97 0.24 2.00 0.78 0.40
1.33 1.17 2,50 0.30 2,00 0.92 0.37
1.33 2.17 3.50 0.42 2,00 1.20 0.34
1.33 3.17 4.50 0.54 2.00 1.40 0.31
18 1.33 0.64 1.97 0.24 4.06 0.84 0.43
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TABLE V (continued)

READINGS FOR TESTS ON TEFLON AGAINST 22.4 PER CENT? CLAY SOIL

Weight
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil in Weight (R) in in in (F) in of Friction
cent 1bs. in 1bs. 1bs. psis mph. 1lbs. F/R

22 1.37 2.17 554 0.42 1,00 2.26 0.64
1.37 3.17 454 0.54 1.00 2433 0.51
22 1.37 0.64 2,01 0.24 2,00 0.95 0447
1.37 1.17 2.54 0.30 2,00 1.40 0455
1.37 2.17 3.54 0.42 2,00 1.65 047
1.37 317 4.54 0.54 2.00 2.12 0.47
22 1,37 0.64 2,01 0.24 4,06 0.80 0.40
1.37 1.17 2,54 0.30 4.06 1.00 0.39
1.37 2.17 3¢54 0.42 4,06 1.30 0.37
1.37 3.17 4.54 0.54 4.06 1.70 0.38
22 1.37 0.64 2.01 0.24 8.12 0.68 0.34
1.37 1.17 2:.54 0.30 8.12 0.85 0.34
1.37 2.17 3.54 0.42 8.12 1.10 0.31
1.37 3.17 4.54 0.54 8.12 1.40 0.31
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TABLE VI

READINGS FOR TESTS ON TEFLON AGAINST 41,2 PER CENT CLAY SOIL

DATE OF TEST: May 6, 1959
SIZE OF CAN USEV: Diameter 3.25 inches
Height 4.5 inches
Area 8,35 Sq. inches
TEMPERATURE: 82° F,

Weight
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil in Weight (R) in in in (P) in of Friction
cent lbs, in lbs, 1lbs. psi, mph.  1bs, F/R

15 1050 0.64 1.94 0023 -~ 0055 0018
1.30 1,17 2,47 0,30 - 0.43 0.17

1,30 2,17 3.47 0,42 - 0455 0.16

1.30 3417 4447 0.54 - 0.67 0.15

15 1,30 0,64 1.94 0,235 1,00 0.52 0.27
1,30 1,17 2,47 0,30 1.00 0465 0,26

1.30 2,17 3.47 0,42 1,00 0.88 0.25

1,30 3417 4447 0,54 1,00 1.10 0.25

15 1.30 0.64 1.94 0,25 2,00 0.54 0.28
1,30 1.17 2,47 0,30 2,00 0.66 0.27

1,30 2,17 3.47 0.42 2,00 0.94 0.27

1,30 3,17 4.47 0,54 2,00 1.15 0.26

5 1.30 0.64 1.94 0.23 4.06 0.55 0.28
1.30 1,17 2,47 0,30 4,06 0.68 0.28

1.30 2,17 347 0442 4,06 0.96 0.28

1.30 3.17 4.47 0.54 4.06 1.20 0.27

15 1.30 0.64 1.94 0.23 8,12 0.56 0.29
1.30 1.17 2,47 0.30 8.12 0.70 0.28

1.30 2,17 347 0.42 8.12 0.96 0.28

1.30 3417 4.47 0.54 8.12 1.18 0.26

17 1.32 0.64 1.96 0.24 - 0.42 0.21
1.32 1.17 2.49 0.30 - 0.48 0.19

1.32 2,17 3449 0.42 - 0.60 0.17

1.32 3.17 4.49 0.54 - 0.75 0.17

17 1.32 0.64 1.96 0.24 1,00 0.48 0.24
1.32 1.17 2.49 0.30 1.00 0.64 0.26

1,32 2,17 3449 0.42 1.00 0.86 0.25

1.32 3.17 4.49 0.54 1.00 1,10 0.24




TABLE VI (continued)

. READINGS FOR TESTS ON TEFLON AGAINST 41.2 PER CENT CLAY SOIL

Weight
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil in Weight (R) in in in (F) in of Friction
" cent 1bs. in lbs. 1lbs, psi. mphe  1bs. F/R
17 1.32 0.64 1.96 0.24 2.00 0.50 0426
1.32 1.17 2,49 0.30 2,00 0.64 0.26
1,32 2.17 5.49 0.42 2,00 0.90 0.26
"‘ 1e32 3417 4,49 0.54 2.00 1.15 0.26
17 1032 0064 1.96 0624 4006 0060 0031
1.32 1.17 2.49 0.30 4.06 0.70 0.28
1.32 2.17 3.49 0+42 4.06 0.94 0.27
1.3%2 3.17 4,49 0.54 4.06 1.18 0.26
17 1.32 0.64 1.96 0.24 8.12 0.55 0.28
1.32 1.17 2:.49 0.30 8.12 0.66 0.26
1.32 2.17 3.49 0.42 8.12 0.92 0.26
1.32 317 4.49 0.54 8.12 1.14 0.25
19 1.34 0.64 1.98 0.24 - 0.36 0.18
1.%34 1.17 2.51 0.30 - 0.46 0.18
1.34 2.17 3.51 0.42 - 0.67 0.19
1.34 3417 4.51 Q.54 - 0.82 0.18
19 1.34 0.64 1.98 0.24 1.00 0.53 0.27
1.34 1.17 2,51 0.30 1.00 0.64 0.26
1.34 2.17 3.51 0.42 1.00 0.88 0.25
1.34 3.17 4.51 0.54 1.00 1.12 0.25
19 1.34 0.64 1.98 0.24 2.00 0.52 0.26
1.34 1.17 2,51 0.30 2,00 0.66 0.26
1.34 2.17 3.51 0.42 2.00 0.86 0.24
1.34 3.17 4.51 0.54 2.00 1.06 0.24
19 1434 0.64 1.98 0.24 4.06 0.54 0.27
1.34 1.17 2.51 0.30 4.06 0.64 0.26
1.34 2.17 3.51 0.42 4.06 0.87 0.25
1.34 3.17 4.51 0.54 4.06 1.10 0.24
19 1.54 0.64 1.98 0.24 8,12 0.54 0.27
1.34 1.17 2.51 0,30 8.12 0.66 0.26
1.34 2.17 3,51 0.42 8.12 0.90 0.26
1.54 5‘17 4'51 0'54 8012_ 1014 0025
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TABLE VI (continued)

RADINGS FOR TESTS ON TEFLON AGAINST 41.2 PER CENT CLAY SOIL

Weight
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
"4n per Soil in Weight (R) im in in (F) in  of Friction
cent 1bs. in 1bs. 1ibs, psi. mph. 1lbs. F/R
21 1.36 0.64 2,00 0.24 - 0.30 0.15
e Bb 1.17 2:55 0.30 - 0.45 0.18
2436 2,17 3433 0:42 - 0.68 0419
1.36 3417 4.5% 0.54 - 0.80 0.18
21 1.36 0464 2,00 0,24 1.00 0.50 0.25
1.36 1.17 2,55 0.50 1,00 0.65 0.26
1.36 2,17 3453 0442 1.00 0.88 0.25
1.36 3437 4.53 0.94 1.00 1.12 0.25
21 1.36 0464 2,00 0:24 2,00 0.54 0.27
1,36 1.17 2.55 0,30 2,00 0.68 0.27
1.36 2437 3:53 0:42 2,00 0.90 0.26
1.36 . ¥ 4:55 0.54 2,00 1.15 0.25
21 1056 0064 2;00 0024 4.06 0056 0028
1.36 1:17 2,53 0,30 4.06 0.70 0.28
1,36 2.17 3.53 0.42 4.06 0.90 0.26
1.36 5.17 4:53 0.54 4.06 1.14 0.25
21 1.36 0.64 2,00 0.24 8.12 0.56 0.28
1.36 1.17 2.53 0.30 86,12 0.72 0.28
1.36 2,17 353 0.42 8,12 0.96 0.27
1.36 3.17 4.53 0.54 8,12 1.20 0.26
23 1.38 0.64 2.02 0.24 - 0.35 0.17
1,38 1.17 2,55 0.3 - 0.44 0.17
1.38 2,17 3.55 0.42 - 0.65 0.18
1.38 317 4.55 0.54 - 0.85 0.19
23 1.38 0.64 2,02 0424 14:00 0445 0.22
1&58 1.17 2.55 0631 1.00 0065 0026
1.38 2.17 3.55 0.42 1.00 0.88 0.25
1.38 3.17 4.55 0.54 1.00 1.02 0.22
23 l.38 0.64 2,02 0,24 2.00 0.50 0.25
1.38 1.17 2,55 0.31 2,00 0.62 0.24
1.38 2.17 3.55 0.42 2,00 0.85 0.24
1.3%8 317 4.55 0.54 2,00 1.05 0.23



TABLE VI (continued)

READINGS FOR TESTS ON TEFLON AGAINST 41.2 PER CENT CLAY SOIL

Weight
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Seoil in Weight (R) in i . B (FP) in of Frietion

cent lbs. in 1lbs. 1bs, psi. mph. 1lbs. F/R
23 1.38 0.64 2,02 0.24 4,06 0,50 0.25
1,38 1.17 2.5% 0.31 4.06 0.64 0.25

1.38 2,17 3455 0.42 4.06 0.88 0.25

1.38 347 4.55 0.54 4.06 1,08 0.24

23 1.38 0.64 2.02 0.24 8.12 0.59 0.29
1.38 1.17 2.55 0.31 8.12 0,73 0.29

1.38 2,17 355 0.42 8.12 0,96 0.27

1,356 3.17 4.55 0.54 8.12 1,20 0.26

25 1.40 0.64 2.04 0.24 - 0.33 0.16
1.40 1.17 2.57 0.31 - 0.48 0.19

1.40 2-17 5057 0043 - 0058 0016

1.40 3617 4.57 0.55 - 0.85 0.19

25 1.40 0.64 2.04 0.24 1.00 0.80 0.39
1.40 1.17 2.57 0.31 1.00 1,05 0.41

1.40 2.17 5457 0.43 1.00 1.45 0.41

1.40 3417 4.57 0.55 1.00 1.70 0.37

25 1.40 0.64 2.04 0.24 2.00 0.95 0.46
1.40 1.17 2.57 0.31 2.00 1.10 0.43

1.40 2,17 3.57 0.43 2,00 1.25 0435

1.40 3.17 4.57 0.55 2,00 1.45 0.32

25 1.40 0.64 2.04 0.24 4.06 0.80 0.39
1.40 1.17 2.57 0.31 4,06 0.92 0.36

1.40 2.17 3.57 0.43 4.06 1,20 0.34

1.40 3.17 4.57 0.55 4.06 1.48 0.32

25 1.40 0.64 2,04 0.24 8.12 0.70 0.34
1.40 1.17 2.57 0.31 8.12 0.85 0.33

1.40 2.17 3457 0.43 8.12 1.15 0.32

1.40 317 4.57 0.55 8.12 1.38 0.30

27 1042 0064 2:06 0025 - 0.44 0021
1042 1017 2.59 0051 hed 0059 0023

1.42 2.17 3059 0045 oo 0.71 0020

1.42 3.17 4.59 0455 - 0.85 0.19
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TAPLE VI (continued)

READINGS FOR TESTS ON TEFLON AGAINST 41.2 PER CENT CLAY SOIL

Weight !
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil in Weight (R) in in in (P) in of FPriction
cent 1bs. in 1bs. 1lbs. psi. mph.  1bs, F/R
27 1.42 0.64 2,06 0.25 1.00 0.64 0.31
1.42 1,17 2.59 0.31 1.00 0.84 0.32
1.42 2.17 3459 0.43 1.00 1.15 0.32
1.42 3.17 4.59 0.55 1,00 1,30 0.28
27 l.42 0.64 2,06 0.25 2,00 0,62 0.30
1.42 1.17 2.59 0.31 2,00 0.75 0.29
1.42 2,17 " 3459 0+43 2.00 1.05 0.29
1.42 3417 4.59 0.55 2,00 1.30 0.28
27 1.42 0.64 2.06 0.25 4,06 0.80 0.39
1l.42 1.17 2.59 0.31 4.06 0.95 0.37
1l.42 2.17 3.59 0443 4,06 1,18 0.33
l.42 3.17 4.59 0.55 4,06 1.42 0.31
27 1.42 0.64 2.06 0.25 8.12 0.72 0.35
1.42 1.17 2.59 0.31 8.12 0.86 0.33
1.42 2.17 3¢59  0.43 8.12 1.10 0.31
l.42 3417 4.59 0.55 8,12 1,30 0.28
30 1.45 0.64 2.09 0.25 - 0.54 0.26
1045 1.17 2.62 0-31 - 0‘64 0024
1045 2017 5062 0-45 - 0075 0‘21
: 1045 5.17 4062 0;55 - 0092 0.20
30 1.45 0.64 2,09 0.25 1.00 1.20 0.58
1.45 1.17 2.62 0.31 1.00 1.50 0.57
1.45 2,17 3.62 0.43 1.00 1.75 0.48
1.45 3.17 4,62 0.55 1.00 1.91 0.41
30 1.45 0.64 2.09 0.25 2,00 1.04 0.50
1.45 1.17 2.62 0.31 2,00 1.30 0.50
1.45 2,17 3.62 0.43 2,00 1.71 0.47
1.45 317 4.62 0.55 2,00 2,21 0.48
30 1.45 0.64 2,09 0.25 4.06 0.86 0.41
1.45 1.17 2.62 0.31 4.06 1.04 0.40
1.45 2,17 3.62 0.43 4.06 1.39 0.38
1.45 317 4.62 0.55 4,06 1.54 0.33




TABLE VI (continued)
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READINGS FOR TESTS ON TEFLON AGAINST 41.2 PER CENT CLAY SOIL

Weight
of Test Total Friction
Moisture Can & Additional Weight Pressure Speed Force Coefficient
in per Soil in Weight (R) in in ©* dn (P) in of Friction

cent 1bs, in 1bs, 1bs, psi. mph. 1lbs. F/R
30 1.45 0.64 2.09 0.25 8.12 0.89 043
1.45 1.17 2.62 0.31 8.12 1,09 0.42

1.45 2.17 5:.62 0443 8.12 1.34 0.37

1.45 3.17 4.62 0455 8.12 1.52 033

32 1.47 0.64 2.11 0.25 - 0.62 0.29
1.47 1.17 2.64 0.32 - 0.75 0.28

1.47 2.17 3064 0044 hd 0082 0022

1047 3017 4.64 0056 - 0.96 0021

32 1.47 0.64 2.11 0.25 1.00 1.04 0.49
1.47 1.17 2.64 0.32 1.00 - 1.20 0.46

1.47 2:17 3.64 0444 1,00 1.50 C.41

1.47 ‘317 4.64 0.56 1,00 1.91 " 0.41

32 1.47 0.64 2.11 0.25 2,00 0,91 0.43
1.47 1.17 2.64 0.52 2,00 1.11 C.42

1.47 2.17 3.64 0.44 2,00 1.33 C.37

1.47 3417 4.64 0.56 2,00 1.76 0.38

32 1.47 0.64 2.11 0.25 4,06 0.82 039
1.47 1.17 2.64 0.32 4.06 0,96 0.36

1.47 2.17 3.64 0.44 4,06 1.30 0.36

1.47 3.17 4.64 0456 4.06 1,60 0.35

32 1.47 0.64 2.11 0.25 8.12 0.80 0.38
1.47 1.17 2,64 0.32 8.12 1.05 0.40

1.47 2,17 3.64 0.44 8.12 1.30 0.36

1.47 3617 4.64 0.56 8.12 1.50 0.32
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TABLE VII

READINGS FOR TESTS TO DETERMINE THE EFFECT OF AREA OF CONTACT

DATE: May 9, 1959 TEMPERATURE: 79° F.

Diameter Total Friction
Moisture of Teat Area of Pressure Speed Force Coeffic.
Clay in in per Can in Contact (R) in in (F) in of Fric.
per ecent cent dinches in Sq. ins. 1lbs. mph. 1lbs. F/R

T3 6 2,50 4.90 4.00 1.00 1.05 0.26
3.00 7.06 4.00 1.00 1.24 0.31

3:25 8.35 4.00 1.00 1.18 0.30

3.88 10.40 4.00 1.00 1,20 0.30

7.3 6 2.50 4.90 4.00 2,00 1.03% 0.26
3.00 T7.06 4.00 2,00 1.25 0.31

3+25 8.35 4.00 2,00 1.20 0.30

3.88 10.40 4.00 2,00 1.20 0.30

T3 8 2.50 4.90 4.00 1.00 1,00 0.25
3.00 7.06 4.00 1.00 1.14 0.28

3425 8.35 4.00 1,00 1.14 0.28

3.88 10,40 4.00 1.00 1l.15 0.29

T3 8 2.50 4.90 4.00 2,00 0.90 0.22
3.00 7.06 4,00 2,00 1.20 90,3G

3425 8.35 4.00 2,00 1.15 0.29

'3088 10040 4000 2,00 1.15 0.29

22.4 13 2.50 4.90 3,00 1.00 0.88 0.29
3.00 7.06 3.00 1.00 0.86 0.29

3425 8.35 3.00 1,00 0.94 0.31

3.68 10.40 3.00 1,00 0,98 0.33

22.4 13 2,50 4.90 3.00 2,00 0.84 0.28
3.00 7.06 3.00 2,00 0,90 0.30

3425 8.35 3.00 2,00 0.90 0.30

3.88 10.40 3.00 2,00 0.93 0.3

22.4 15 2,50 4.90 3.50 1.00 1.04 0.30
3.00 7.06 3.50 1.00 1.06 0.30

3.25 8.35 3.50 1,00 1.05 0.30

3.88 10.40 5450 1,00 1.18 0.34

22.4 15 2,50 4.90 3.50 2,00 0.98 0.28
300 7.06 3450 2,00 1.06 0.30

3.25 8.35 3.50 2,00 1,06 0.30

3.88 10.40 3450 2,00 1.20 0.34




