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CEAP!r£B I 

UraSODUCTIOI 

Agriculture is the oldest of all industries* 7he first prac 

tice of the art of tillage narked the beginning of the introduction 

of tillage oaehiaery* She earliest tools were crude chopping or 

digging iapleBents 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 maohin-

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 eorreot 

practice were empirically developed* During the past century the 

union of praotice and science has been slowly strengthened* 

The evolution of tillage implements and machinery is one of 

the most striking features in the growth of the science of farming* 
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Great adTances have been made in the perfection of tillage tools* 

Iren 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 basio 

operations of plowing and listing* Miller, Turk and Both (lO) 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 desesrres 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 Kichols (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 friction governs 

largely the wearing and scouring properties of the implement* 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 ths 

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 suooessful in the plastic soils of Texas than 

any other type of moldboard made of steel, iron, glass, brass and 
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alualnuiB. Aooordlng to hla, th« TeKas obaerrationa muat ba ra* 

gardad aa conoluaiTo aridenoa that the shape of the moldboard la not 

the only factor to be considered» but the material of the moldboard 

often contributes nore to its successful operation than the shape, 

Kummar (8) verified these observations and found them to coincide 

with his own results. These results shoe that there exists a need 

for a material which has a lower coefficient of friction for use 

in tillage iapleaents* not only from the point of view of saving 

power, but also for better scotiring properties. The agriculttiral 

engineer, therefore, has to turn his attention to new engineering 

materials which, when used in the construction of agricultural imp** 

laments, help to reduce the power requirements and scour satis* 

factorily. Decay, rust, and oorrosion are active all the year 

round particularly due to the fumes produced in the barns even 

when the implements are stored Inside, Oorrosion 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, 

their useful life and service. Hence, the new engineering material 

should alec be resistant to corrosion and rust. 

The agricultural engineer has to look for aa engineering 

material with the usual properties of strength, durability, low 

eoefficlent of friction, and, in addition, the properties of scour* 

lag and reslstanos to rust, and oorrosion. Fortunately, tetrafluo* 

roethylene resins commercially known as "Teflon^ poasese these pre* 
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parties, and it appears that these resins can toe used to iaproTS 

the performanoe of agricultural machinery and implements* 

Statement of the Protolem 

The problem was to Investigate the friction characteristics 

of "Teflon" and etgricultural soils* This study was undertaken 

with a view to find out whether the friction between "2'efion" 

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

"Teflon" Tetrafluoroethylsne Sesins 

Teflon is the registered trade mark of the du Font de 

hemours and Co* Inc., Wilmington 98, Delaware, for its fluorocartoon 

resins. The first of these resins was discovered in 1938 (18) as 

a result of the research on "Freon" series of refrigerants, which 

are chemical compounds consisting of fluorine, cartoon 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 Tirginia. As a result of continued 

research a number of these resins have been developed. 

The du Font Company supplies Teflon as a series of 

powders and aqueous dispersions. Thess resins are converted into tape, 
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sheeisi rods, tubes, coated fibres, coated wire, wire euaaels, mold 

ed parts etc. by a number of namufacturers. The Teflon molding 

powder is obtained from fluorspar (oalcium fluoride), sulfuric acid 

and ohloroform, as a result of chemical reactions between them. The 

chemioal reactions take place in the following four stages (18). 

1. The calcium fluoride, Caf_, and sulfuric acid, H«SO., 
^ 2 4 

react with each other to give hydrogen fluoride, H?, and oalcium 

sulphate, CaSO^, 

CaPg ♦ HgSO^ > 2Hf + CaSO^ 
2. The hydrogen fluoride, HP, reacts with chloroform, CHClj, 

to give ohlorodifluoromethane, CHClPg, and hydrochloric acid, HCl, 

2HP -f CHCl- >CHC1P- + 2HC1 
7 Z 

5. The chlorodifluoromethane, CfiClP2t is converted into 

gaseous tetrafluoroethylene monomer, CPgCPg, and hydrochloric acid, 

by pyrolysis. 

2CHCIP2 Pyrolysis ^ CPgCPg ♦ 2HC1 

4* The tetrafluoroethylene monomer, CP2C2» polymerised 
under high pressxire and temperature to give Teflon molding powder 

P P P P P P 
a 6.G - .-G- -C- -C* -C-

P P P P P P P^ _ 
"(Teflon molding powder) 

Properties of Teflon 

"Teflon" has unique properties which make it suitable for 

adaptation in agricultural use. It has exceptional thermal stabi 

lity and is suitable for continous servicest 500* P. It also main 

tains good properties at extremely low temperatures of -450* P. 



6 

fh» aost outatandlng properties of Teflon for its uss as on 

engineering material for agricultural use aret 

1. Friotional property* Teflon has an extremely low coeffi* 

olent of friction* The coefficient of friction against polished 

steel is found to be as low as 0*04» The ooeffioient of friction 

is independent of the temperature between the limits of 77* f &nd 

572* f. 

2* Hon->adhesiTe property* Owing to their low coefficient 

Of friction^ few materials tend to stick to the surfaces of these 

resins* Scouring abilities of agricultural implements can there* 

fore be improred by using Teflon* 

3* Ho water absorption* The water absorption of these resins 

by the A«S*T*H* test is found to be less than 0*01 per cent* 

Weathering property* Teflon is not affected by outdoor 

weathering or by moisttire* Tests conducted In Florida hare shown 

that these resins haws remained completely unchanged ewen though 

they were exposed for ower tea years* 

3* Mechanical properties* These resins are relatirely 

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* 
I 

7* h'lectrloal properties* These resins have exceptional 

electrical properties which remain unchanged at temperatures up to 

480" F* 
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®«f 3yon«»flainaa'bla property. Tb® tdtrafluoroethylest« rssiiiB 

are non>flasmabXe• 

Certaltt aieohanloal properties of Teflon are inproTed by the 

use of flkdditlTea* The reeistanoe to deformation tinder load is in-

oreased by a factor of ten, resistance to wear by five hundred times, 

stiffness by a factor of four to five, oompressive strength by a 

factor of three to four and hardness by 10 per cent. The modified 

compositionsof Teflon still retain their lov coefficient of friction. 

Types of additives that are generally suitable include metallic 

copper and bronses, jflass fibre, graphite, coke flour, molybdenum 

disulfide, clay, talc, silica, asbestos, and calcium 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 unoompounded Teflon Is Its resistance to wear. 

Uses of Teflon 

Electrical application. Teflon is extensively 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 types) and air 

craft, automotive, communications, electronics, locomotive and marine 

equipment. 

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 
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oomponentSf pump components^ and pipes and tulftiai^f vhere the 

eciuipment is required to handle corrosire liquids. 

Mechanical applications. Due to their low eoefficient of fric 

tion » these resins are used in mechanical parts* primarily as 

bearing surfaces* In the textile twisting machines Teflon is used 

to eliminate lubricants which contaminate the goods. 

Won-adheeiYe application. Teflon is used where sticky mate* 

rials are required to be handled owing to its unique non-adhesiTS 

property. These resins are used in a wariety of applications in 

food processing equipment especially in machinery used in the pre* 

paration and handling of candy| in the rubber and plastic indus 

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. 

Friction 

Friction is a force* which opposes relative notion between 

two surfaces* which are in contact with each other. A force is 

required to cause a plane surface to slid? ^--er another plane sur 

face* against which it is pressed. The force of friction acts at 

the siirfaoes of contact tangential to the surfaces and is always 

in the direction opposite to the direction of motion. As the 

force applied to cause motion increases* the force of friction 
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also iucreassB up to a particular liuit. Xho relatire motion 

betwoaa tho two surfaeos bogins whoa tho maximum foroo of friction 

is just oworoomo* This maufcl i.ta fores of friction is called the 

limiting friction* In the maniifaoture 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 driwe machinery by belts 

and clutches. 

Causes of Friction 

There are two main causes of friction* One «• the unsTenness 

of the surfaces and two - adhesion and cohesion between the par* 

tides 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 ejuusined unier a ricroscope* When the sur 

faces are in contact with eaoh other, th^se tiny mountains and val 

leys interlock and tend to prevent the relative motion between 

the surfaces* The small particles of matter have attraction for 

each other* This force of attraction is known as cohesion and 

adhesion* Adhesion and cohesion 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 plaoe, tho frlotlonal roalataneo being equal to the foroe. 

Ae the force is increased to a certain ralue, the resistance will 

fail to increaset and sliding will take place« This maxiaun resis* 

tance is called the naziaun static friction* 

Kinetic Friction 

To keep one body sliding on another at a constant speed, a 

certain force, parallel to the surface of contact, la 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 Halting force of friction and the normal force between the 

surfaces of contact* 

It JJL » coefficient of friction, 

t « limiting foroe of friction, 

and I normal foroe between the surfaces, 

then jU m F 

V 

The angle aade by the resultant of the frictional foroe and 

the normal force with the normal force, is called the angle of fric< 

tion* As the friction increases, the angle of friction also in* 

creases and is maxiaum, when the friction is aazimum* The coeffi 

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

yU. m tan 4^ • 4) being the angle of friction 



hmwB of Friction 

Tha following laws of friction were the results of experi-

aents conducted b/ Coulomb* fhese laws were later confirasA by 

Morin (17) and hold good for dry surfaces* 

1* Limiting force of static and kinetic friction is pro* 

portional to the normal pressure, i*e. the coefficient of frio* 

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 re-

latiwe velocity 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 fila 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 lub 

ricated surfaces* 
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Review of Previous Work Pone 

Tillage Tool Surfacea and Shapes 

Trullinger (21) reported in 1925 that tillage is one of the 

greatest, if not the greatest, power oonsuaing agricultural ope 

ration, According to him even in those days much study was under* 

taken to determine ways and means of redueing the power require 

ments of tillage machines diuring the production of desired tillage 

results. This study resulted la the special shaping of tillage 

tool surfaces, for various purposes, and estahllshed the broad 

general fact, that different soils require different tools and 

shapes, to produce the desired tillage results. 

Soil and Metal Jfriction 

Hichols (12) started his classio investigations in soil and 

metal friction in 1925* R* published many useful results, which 

are extensively used and quoted in many text books on tillage and 

soils, and by researoh workers in the field of the dynamic pro 

perties 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 pointswere 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 quarta sand and very finely diwided 

clay of great plaeticityi 98*6 per cent of which,passed through a 

one hundred mesh siewe and the balance going through an eighty-mesh 

siere. These mixtures varied from pure sand to pure clay and the 

intervening mixtures contained 25, 50 and 75 per cent of olayi the 

remaining portion being sand* These soils were air dried and water 

was added to them im various amounts by means of a steam Jet over 

an atomizer, to determine the effect of moisture on the coeffi 

cient of friction* The moisture percentages used by him were, air 

dry, 0*5# 2, 4» 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 46OO milli 

meters per minute and 0*533 for a speed of 56OO 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* Is 

also found that friction was not independent of the area of contact, 

and it varied directly as the weight per square inch* 
t 

Bichols 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 ftuada-

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

moisture In the soil. 

A* Frlotlon Phase* In this phase the soil was dry and the 

bearing power of the soil was less than the pressure. The laws of 

sliding frlotlon in this phase weret 

(a) The coefficient of friction warled with the speed 

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

and 

(e) It raried with the emoothneee and materials of the 

surface. 

Friction Phase. In this phase the soli had some moisture 

. but not enough to adhere to the metal surfaco. The bearing power 

was greater than the pressure per vmlt area. The laws of sliding 

frlotlon for this phase weret 

(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 

(o)' It was independent of the area of contact* and 

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

£. Stiotion Phaas. In this phase the soil had so muoh 

moisture that it adhered to the sliding surface. The laws of 

sliding friction for this phase weret 

(a) The coefficient of friction varied with the speed 

It varied with the area of oontaqt 
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(e) It varied with the pressure per tinit area 

(d) It varied with the surfaee teneion of the fila acisture, 

i.e. 

(1) It varied with the aaount of colloidal 

aatter present 

(2) It varied with the aaount of water present 

(3) It varied with the temperature and visoosity 

of soil solution* and 

(e) It varied with the surfaoe and kind of aetal. 

Slietion Fhase. In this phase there was enough aoistTire 

present in the soil to give a lubricating effect. Ihe laws of 

sliding friction for this phase weret 

(a) The coefficient of friction varied with the pressure 

per unit area 

(b) It varied with the speed 

(e) It varied with the aaount of aoisture and viscosity 

present* and 

(d) It varied with the nature of the surfaee and the kind 

of material of the surfaoe. 

According to Michols* the coefficient of sliding friction 

was a dynaaio and constantly varying factor rather than a fixed 

quantityI and in any soil* it was affeeted by moisture content and 

particle else. 

lichols published another paper (12) in 1951 on his study of 

soil and aetal friction. This paper contained the summary of his 
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findings ot soil and metal friction studiee which were started bj 

him in 1925* He used a series of synthetic soils warying widely 

in their physioal properties. Moisture was applied by the con 

densation method. The metals used by him were various samples of 

chilled iron and a group of plow steels. The values for the coeffi 

cient of friction were obtained from carefully cleaned and polished 

metals. The soils used were uniformly moistened and uncemented, 

varying little in temperature (mean 60* 7) and free from roots 

and parts of undeeayed vegetable matter, pebbles or other mate 

rials. 

Hiehols 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 con 

tent was given by him as reproduced in figure 1. 

The four phases of frictional resistance mentioned in his 

earlier paper published in I925 (15) were given new names as 

shown below. 

Earlier name. Mew name. 
rnmmmmtmmm mmmmm mmmmmmammSm 

A. Friction Phase A. (Compression) Phase 

B. Friction Phase B. (Friction) Phase 

C. Stiction Phase 0. (Adhesion) Phase 

r. 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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Viohols found that the bearing pover and moisture content 

were important factors in the classification of friction phases* 

These factors depend largely upon the colloidal content in the 

soil which determined their reactions* The moisture content and 

the structure of a soil determined its resistance to compression 

and this factor* according to Nichols* determined the A and B 

phases* He also fovind that the moisture content was directly 

responsible for the C and S phases* Be concluded that the 

moisture content at which these phases ocourred depended upon 

the amount of colloidal clay and the proportion of adsorbed 

moisture to film moisture* Also, temperature and salts in the 

soil solution affected the force exerted by moisture films and 

so entered into frictionsl Talucs* 

for the A compression phase* Bichols found the following 

relationship between the coefficient of friction*^*
/ 

and the 

speed* S* in feed per minutet , 
JLX m O.OIOS ♦ 0*55 

This formula was deriwed from experiments with dry sand 

which was practically free from colloidal clay* 

for the B (friction) phase Hichols found that with non* 

plastic soils the coefficient of friction varied directly with 

the colloidal content* Be expressed the relation between the 

coefficient of friction*^', and the colloidal content* C* as* 
M. m 0.00766 ♦ 28

for the C (Adhesion) phase* he found that the moisture 
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film mdherlug to th« motal surface increased the friotioual force 

rapidly* fie derived the following formulas expressing the rela«* 

tlonship between the moisture content, and colloidal oontent^ 

of the soily 

M » 0*2G * 10 

when mazlaus adhesion for a nickel slider on non-plastic soil 

occured* 

M - 0,13c + 4.77 

when adhesion first beoame evident* 

Hiohols also found that the moisture content of maximum 

adhesion was approximately that of the upper plastio limit. The 

maximum rise of the coefficient of friotion varied directly with 

the plasticity number* fie expressed the value for the coeffi-

oient of friction in plastic soils by the formula^ 

/Oc m 0.06Pn + 0*42 

where /Oc'- coefficient of sliding friction, and 

Fa - Plasticity number* 

fie also expressed the following relationship between the 

coefficient of friction,//.', the colloidal content of the soil, 

0, and the hardness of the metal, fi, as determined by the Brinell 

test, for soil friotion values in the B phase* 

fjC m 0.24 0.005c - O.OOOIH 

Nichols found from his investigations that the values of 

^for the plastio soils tested were in the neighborhood of the 

values obtained for the Ceoil clay containing 32 per cent of colloid. 

Be concluded that when a sufficient amoxmt of colloidal material 
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vas pre»«nt to ooTor tho coarser particles, the soil friction (B 

phase) did not materially Changs with the increase in the colloidal 

oontent* He also studied the effect of polish on the coeffloient 

of friction and found that in the case of sMd,polish had no effect 

en friction whereas in the case of other soils, high polish showed 

a reduced coefficient of friction. 

Payne (I4) defined soil/metal friction as the tangential 

force produced at the interface, when soil slides over another 

material. In his investigatlono to find the soil/metal friction, 

Payne regarded the variables, such as moisture content, as changes 

in the quality of one of the surfaces. In order to avoid the bear 

ing capacity of the soil from entering into the values for the 

coefficient of friction, he arranged his apparatus so that the 

soil/metal interface lay in the vertical plsuie. The apparatus 

used by Payne 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 mutxially perpendicular directions were measured with the 

help of strain gages. The normal load was increased by rotating 

the Irhole 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 ho 

rizontal. The speeds used were those found commonly in cultivation 

varying from 0.34 to 4*34 miles per hour. Four nominal speeds in 

four random blocks were selected and the true speed for each run 
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was measured "liy trihixig the tractor between irking pdsts* F&yna 

found that the relationship between normal and tangential forces 

was linear when plotted, and was independent of speed* He used 

sewen different kinds of soils* 

Payne found that the frictional properties of soil may he 

represented by the equation 

S • Coc* tan cf 

' where S' «• maximum tangential stress at interfaoe, 

- Cof <• tangential adhesion, 
..I' . 

O" <• externally applied normal stress on 
- > 'i ■ " 

'• ^ . 

—; interface, ' t;';; 

i qJ" m angle of soil/metal friction* ^ 

Soil and Alxuninum yriction 

Sookhop (4) Gonduoted tests to find soil/aluminum friotion* 

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 twelwe feet Ihng, made of aluminum and lined with 

galvanized sheet* Is mixqu his soil with a hoe, shovel and rake 

to obtain tiniform mbistqr'e distribution* A sprinkling can was 
f

used for varying the moisture content of the soils* He packed 

the soil by hand giving it a "sheep'a-foot" effect with the fin 

gers and rolling it smooth twice to compact the surface* He 

used different loads on the slider to find the coefficient of 
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friction between aluaintm and soil* As a result of bis inyestiga* 

tion Bockhop found that Bicbols* equation 
f

« 0*24 m 0*00$C• 

OtOOOlH did not hold good for aluainua* fie ooneluded that the values 

of the eonstaats are dependent upon the type of naterial* 

Agrioultural Material and Teflon griotlon 

fieddy (l|^) nade a study of the friction oharaeteristics of 

agrioultural materials sueh as hay and grass ensilage on Teflon* 

As a result of his investigation, fieddy found that the values of 

the eoefficient of friction were ^2 per eent less than those oh* 

tained for a eonventional metal like steel* 

Teflon and Steel t^iction 

Shooter and Thomas (5) were the first to recognise the low 

friction of Teflon in 1949* for a piece of fabricated tetra-

fluoroethylene 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 minutef the leads were from two to nine 

pounds! and the temperatures were from 68® f to ?92® 7* 

Teflon Covered MoXdboard Ploy 

The Pineapple Research Institute in fiawaii (l) 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 second* 

According to the experiments conducted at fiawaii by Tribble 
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(20)» it appears that feflou holds out a great future in the aanu^ 

faoturs of aoldboard plows for use in plastio soils* The Hawaiian 

soils contain 83 per cent of clay and are moderately to highly 

plastic* fheir plastic index ranges froa ten to twenty, with ooamon 

▼alues of sixteen to eighteen. These soils stick to standard mold* 

boards and shares* 

Tribble reported that Teflon, as a aoldboard cover, was used ^ 

for preliminary trials on a fourteen inch general purpose bottom, 

to improve the scouring of the aoldboard* 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 aeehanical 

damage done to the Teflon sheet, even though large boulders of 

basalt were present in these soils, whioh were expected to cause 

mechanical damage* The experiment was repeated with a thirty-

two inch moldboard* For eighteen inches depth of plowing, at a 

speed of 3*3 miles per hour, the draft was found to be 6300 pounds, 

as against an estimated draft of 7200 pounds, at a unit draft of 

12*3 pounds per square inch* Different compounded Teflon products 

showed that they endured plowing from 200 to 400 aores* Under 

Hawaiian conditions the Teflon covered moldboard plow had reduced 

land preparation costs* 



CHAHSI II 

XiTERIALS AID METHODS 

The aaterlals ioBediataly naeeasary for conducting the proa-

eat InTestlgation were Teflon and soila of different textures# 

Teflon 

The Teflon coTered disk used by Roddy (13) for his study of 

the friction characteristics of Teflon and agricultural material 

was readily ayailable, and was used in conducting the tests. 

The disk was forty-eight inches in diameter and had a cover 

of Teflon sheet of I/I6 inch in thiokness# The Teflon sheet was 

glued to 3/4 inch thick plywood with the adhesive Garliok lo# 201 

reoommended by the manufaoturers of Teflon# This adhesive consist-

ed of two parts, A and B. Part B was heated to 123* F before 

mixing it with an equal volume of part A# The mixture was stirred 

until it had a creamy appearance and was applied to the eementable 

surface of Teflon and also to the plywood surfaoe. The sheet was 

then laid over the plywood surface and leaded over with brioks to 

provide equal pressure over the entire 8^urfacs of the disk# The 

disk was left in this condition for a period of fourteen to six 

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 



 �
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elajr* 

la all, flTe aaaples of soil vero oolleetod} four of thoso 

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 Jaokson, Tennessee, were a loamy sand, 

a Eyman fine sandy loam, a Lintonia silty loam and a Sexter ailty 

olay loam. The loamy sand was designated as an Independence* 

Euckabee loamy sand, although this designation was not yet official* 

The soil from Memphis was a Sharkey clay* 
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CHAPTEE III 

ISSTEEMEBTATIOH 

TEe prooedurs followed for determining the friction char&o* 

teriatiog of Teflon and aoil was essentially the same as followed,, 

hy Elchter (16) and Seddy (13)« 

A Teflon covered disk forty-eight Inches in diameter was 

fixed on a vertical arhor of one inch diameter, The arbor was 

supported in bearings in a square iron frame made of angle irons 

and carried a sheave of 7 l/s inches in diameter, at the bottom. 

This sheave was connected to the pulley on the spindle of a tapping 

machine through sheaves on a Jack shaft, fitted in the iron frame* 

The soil was packed in cylindrical cans with both ends 

open* The following sizes of cans were used in the tests* 

Serial Dlamatar of Length of oan Cross sectional 
Kumber can in inches in inches area of can in 

st^uare inches 

1 2.50 4.75 4.90 

2 3.00 4,62 7.06 

5 3.25 4.37 8,35 

4 3.88 6,25 10.40 

A hook was soldered on each can. The oan filled with the 

soil was placed on the Teflon disk* A string was oarried from the 

hook on the can to a sensitive scale called a detectogram, manu 

factured by Detecto Scales Incorporated, Chicago, Illinoie. The 

force of friction was measured on the detectogram when the disk 
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rotatod* 

Betalla of the Apparatxxa 

The apparatua uaed la the inveatigation oonalated of the 

followiagi 

(1) Aa iron frame vith a vertical arbor fixed in the 

center of the frame, and a Jack fhaft fixed to one 

aide. 

(2) A plywood diak with a Teflon aurface. 

(5) Arrangement of belta and pulleya for driving the 

Teflon diak. 

(4) Scale for the measurement of the frictional force 

(5) Device for varying the aoiature content of the aoil. 

The iron frame. The iron frame* four feet aquare and two feet 

by eight inches in height, was sturdily built with angle iron. A 

vortical arbor was fixed in bearings in the center of the frame 

and a Jack shaft was fixed vertically on one aide of the frame in 

baaringa, for easy rotation. The arbor had an 'ron plate, 7/I6 

inch thick and 12 inches in diameter, rigidly fixed at the upper 

end and carried a sheave of 7 l/s inohea in diameter at the bottom. 

The Jack shaft had a sheave of 1^ inohea in diameter at the bottom 

and two pulleya, one of 8^^ inohea in diameter and the other of 

1^ inches in dlawneter, fixed at the upper end, one below the other. 

The Teflon disk. The Teflon covered diak 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 aloa^^ with the arbor* 

Arrangement of the drive* The source of power for driving 

the Teflon disk was an electrically driven tapping machine made by 

Baikewell Manufacturing CompgLny* Los Angeles«California* The ver* 

tioal driving spindle of the tapping machine carried in the front» 

two sheaves of and 8^ Inches in diameter at the lower endf and 

a cone 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 connected to each other by means of a V-belt, 

which could be shifted on to any pair of pulleys on the two cones, 

for changing the speed as desired* 

The sheaves at the lower end of the spindle» in the front 

of the tapping machine* were connected to the sheaves at the 

upper end of the ;)ack shaft by a second Y^belt. A third V-belt 

connected the sheave on the lower end of the jack shaft and the 

pulley on the lower end of the arbor* The arrangement of the 

drive ie shown schematioally 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 connected to the hook* soldered on the lower 

most position of the open ended cylindrical can* and was carried 

under a pulley to the detectogram* The soil was packed inside 
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the open ended cjrlindrioal ca.n* When the fefloa disk rotated* 

the fores of friction between the soil sad Teflon was registered 

on the deteotogram scale* 

The detectogram ecale and the Teflon disk were arranged 

on either side of the tapping mschine* 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 e<}^uip-

aent and to read the detestogram by standing in the center* This 

arrangement of the apparatne is shown in figure 3* 

Moisture content of soil* In order to determine how 

friction was affected by different moisture contents, soils 

with varying moisture contents were used* Since the moisture 

content in the soil is expressed as a percentage of the drj| 
weight of the soil* the soil was dried in an electric ovenl 

at a temperature of 103°C. The soil was left in the oven 

this temperature 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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CHAFPES IT 

PBOCEDUEE 

The procedure used in finding the friction characteristics 

of Teflon with soil consisted of the followingt 

1. Calibration of the apparatus for speed. 

2. Preparing the soil samples. 

3* Measuring the force of friction hetv/een 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 obtain several speeds for the Teflon 

disk by the manipulation of the belts on different pulleys 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 wder 

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 X under Appendix A. 
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Preparing the Soil Samples for feat 

fhe soil samples vere first run through a Ho. 4 eieve and 

all big lumps, pieces of stone and roots and other dead remains of 

the plants were separated, fhe finer particles of organlo matter 

and htimus were not separated, fhe sieved samples were kept in tin 

oans for drying in an electric oven, fhe temperature was maintained 

at 105° C for seyeral 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 can covered with a lid, so as to prevent adsorp 

tion of the moisture while weighing, fhe weighed soil was then spread 

on a sheet of paper and sprayed lightly, fhe 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 ths corner of the 

paper, fhe 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 oaa, with an open end of the can being kept on the Teflon 

disk. The soil was oompaoted by prssslng with tha fingers aftsr 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 dxiring 

the test, fhe 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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interfsr* with th* results* 

la all, firs different kinds of soils were used la the test, 

la eaoh ease, the percentage of aoisture was Increased in stages* 

until a film of water appeared on the fefloa disk. In order to 

determine the percentage of aoisture, the dry weight of the soil 

was taken as the basis. 7he following formula was used for finding 

the percentage of aoisture in the soili 

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

•Moisture in per cent 

Measurement of the yrictlonal force 

In some cases considerable diffioulty was experienced in 

noting the readings as the needle of the detectogram scale mowed 

over wide ranges* In all such cases, the average between the 

aaximum and ainiaua readings 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 was increased by placing weights ©n 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 aachine. 

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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Vh* readings obtained for the static and kinetie fristion 

ars giTsa in tables II to VI under Appendix B* 

In the case of tvo saaples of soils, with 7*3 BMd 22*4 per 

cent olaj, frietional force was also aeasured for four different 

cans of varying diameters, to find if the area of contact had any 

effect on the frietional force. These observations are recorded 

in table VII under Appendix B. In all cases the tests were con 

ducted under room temperatures varying from 74* V to 66* 7. 

Meohanloal Analysis of the Soil Samples Used in the Test 

All the five samples of soil used in the tests, were sub 

jected to mecahnieal 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 (5)« 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 

milltlitres of water and heated slowly for several hours, ^d-

rogen peroxide was added 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 

Buohner funnel. The soil held on the filter paper was leached 

with 400 millilitres of O.IN hydrochloric acid. The excess of the 

hydrochloric acid was washed with fifty millilitres of water emd 

150 millilitres of ethyl alcohol. The Buchner funnel, along with 
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tha filter paper» was heated for several hours In an eleetrlo oven 

at 103* 6 for dryin^f the soil* The soil was then transferred very 

carefully from the filter paper to a 5OO millilitre flask* Two 

himdred millilltres of water and six to fourteen millilitres of 

sodium hydroxide ware added to the flask* The mixture was stirred 

well by shaking the flask periodically for forty<»eight hours* It 

the end of forty-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 seven hours and forty-seven minutes* At the 

end of the period^ twenty-five millilitres of the aliquot at tea 

centimeters depth was drawn out through a pipette by using an 

aspirator bottle. The aliquot was transferred to a beaker which 

was weighed previously euid was dried in the oven at 105® C for 

several hours* The beaker was then weighed after the aliquot had 

evaporated completely and the olay oontent of the sample was cal 

culated from the following formula1 

(Weight of beaker -»• clay - Weight of beaker) 4000 
Pry weight of soil sample 

«> per eent of olay less than 0*002 millimetre 

The results obtained in the two replications were very olose 

and the average between the two was taken as the percentage of clay 

for each sample* The average percentages of olay were found to be 

3*7» 7*3» 9*6, 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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The friction characteristics of Teflon with soil were invea-

ti|;&ted for the following soils» 

1* Soil with 5.7 per eent of clay* 

2* Soil with 7*3 per cent of el&y, 

3« Soil with 9*6 per eent of clay* 

4* soil with 22,4 per oent of clay* 

5* Soil with 41*2 per cent of clay. 

Soil with 5*7 per oent of Clay 

It was not possible to work with a conpletely dry soil as 

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

disk was rotated* The lowest amount of moisture with whioh the test 

oould be conducted in the oase of this soil was 2 per oent« but ewen 

thes the readings oould be taken only for low speeds of one and 

two miles per hour* The moisture content for this sample was in«> 

creased in stages of 2 per oent up to a maximum of 10 per oent. 

For each moisture content* four different pressures, and 

four different speeds for each pressure, were used to find the 

force of friotion* The values obtained for the force of friotion, 

both static and kinetic, are given in table II under Appendix B. 

The ooeffioient of friotion in each case was calculated and is 

also included in the table. 

Figures 6 to 9 indicate the behaviour of the coefficient 
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of frlotlon against prsssors for different speeds and moisturs con 

tents* From these curres it is seen that the pressure had prac 

tically no effect on the coefficient of friction. Figure XO shows 

the curves for the coefficient of friction against moisture for 

different speeds» under a pressure of 0*4 pOTind per 8q.pare inoh* 

These curves indicate that the coefficient of friction decreaaed 

as the moisture content increase df the lufcrioatlon phase being 

reached. Figure 11 shows the behaviour of the coefficient of fric 

tion against speed* under a pressure of 0*4 pound per 8<^uare inoh 

for different moisture contents* These curves Indlcats that spesd 

had no offset on ths coefficient of friction* 

The following conclusions can bs drawn for this solli 

1* The coefficient of friction was independent of pressure. 

2* The cceffJ.olent of friction decreased as the aoisturs 

content increased* 

3* The ooeffiolent of friction was independent of speed* 

Soil with 7*3 per cent Clay 

The lowest amount of moisture with whioh the soil could be 

worked was 4 per cent* Ths moisture was increased by stages of 

2 per cent to a maximum of 14 per cent* beyond which it was not 

possible to work* 

For every stage of moisture content* four different pressures 

were used. For every pressure* four different speeds wars used* 

Ths values obtained for ths fores of friction for different mois 

tures* pressures and speeds are given in table III under Appendix B. 
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The Taluss for tho coefficient of friction for this soil hare been 

plotted in figures 12 to 17* The exanination of the otcrTSS in 

figures 12 to 13 shows that the pressure had no effect on the oo« 

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 stirfaoe. 

Figure 16 shows that the coefficient of friction decreased 

for all speeds, as the amount of moisture increased up to 10 per 

cent. Thereafter the coefficient of friction increased with aois-' 

ture. It therefore seems that the friction for the moisture con 

tents from 4 to 10 per cent was in the phase as determined by 

Riohols (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 moistiire contents. It is seen that the 

coefficient of friction increased with speed at 14 per cent moisture. 

At this moisture Content, it was noticed that the water holding 

oapacity of the soil was exceeded. The smaller particles of the 

soil formed a thin paste with the excess of moisture. This paste 

appeared in the form of a thin film on the Teflon disk. The walues 

Of friction for this moisture percentage oannot therefore be regard-

.k 
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•d as truly reprsasating tlis frictiod bstvssa Teflon and soil* The 

friction vae more between soil and soil* This explains the higher 

▼alues of friction at higher speeds. 

The following oonolusions can be drawn for this soilt 

1* The coefficient of friotioa 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 in 

creased up to a particular limits whereas at higher moisture ooa-

tsat* it inoreased as the moisture inereased* 

3* The coeffioieat of friction was independent of speed 

for lower moisture eontentsy but it inoreased with the speed at 

higher moisture contents* 

Soil with 9*4 per cent Clay 

The lowest amount of moisture with which this soil could 

be worked was 4 cent* Eren then, the readings could be taken 

only for lower speeds of oae and two miles per hour* Xo readings 

could be taken for higher speeds» as the particles of soil were 

flowing out of the can at these speeds* The moisture was inoreased 

to a maximum of 16 per cent in stages of 4 per cent* It was not 

possible to take readings for higher moisture contentSy as the 

soil paste started flowing out of the can 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* 



55 

The valuee obtained for the force and coefficient of friction for 

different moisture contents* pressures and speeds are given in 

table lY xindar Appendix B. The values for the coefficient of frio* 

tion are plotted in figures 18 to 23. The examination of the fig» 

ures from IB to 21 shows that the coefficient of friction was ia» 

dependent of pressure at all speeds, figure 22 shows that the eo* 

efficient of friction was Independent of moisture up to 12 per cent. 

The trend of the curves shows that the friction entered the 

phase thereafter* the friction increasing with moisture* Figure 

23 indicates that the coefficient of friction was independent of 

speed. 

The following conclusions can be drawn for this soilt 

1. 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. 

3. The coefficient of friction was independent of the speed* 

Soil with 22.4 per cent 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 usedi and for each pressure 

four different speeds were used. The observations made during this 

test are given in table T under Appendix B. 

The values for the coefficient of friction are plotted in 
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flgurfts 24 to 29* file behariour of the coefficient of frletion 

a£;alixst pressure is indicated in figures 24 to 27* It is seen that 

at speeds of one and two miles per hour, the coefficient of fric 

tion wae independent of pressure for 10 per cent Boisture. For 

all other Bcisture contents except 22 per cent the eoefficient of 

friction decreased as the pressure increased* At 22 per cent 

moisture, the coefficient of friction firet increased with pressure 

and then dropped again* At this moisture it was noticed that at 

slow apeeds a thin film of the soil paste wee formed on the Teflon 

surface at places and the figures obtained cannot be said to be 

truly representing the frlctlonal force between soil and Teflon 

but rather soil against soil* 

At a speed of 4*06 miles per hour, the coefficient of fric 

tion decreased as pressure increased for all moisture contents| 

whereas, for the speed of 8.12 miles per hour, the coefficient of 

friction was found to be independent of pressure up to I4 per cent 

of moisture* Thereafter the coefficient of friction decreased as 

pressure increased* 

Figure 28 ahows that the coefficient of friction increased 

with the moisture, the increase being more sharp at lower speeds* 

The high content of clay seems to be responsible for this kind of 

behaviour. As the moisture increased, the soil became more plastic 

in nature and resulted in greater adhesion to the Teflon surface* 

Figure 29 shows that the coefficient of friction was inde 

pendent of speed for lower moisture contents up to I4 per eent* 
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As the moisture inoreased, the ooefflolent of friction decrsaced 

as the speed increased, the decrease being more sharp as the speed 

dnoreased from one to 4,06 miles per hour. At 18 per cent moisture, 

however, the coefficient of friction showed a tendency of remaining 

Independent of the speed. 

The following conclusions can be drawn for this soil; 

1, The ooeffioient of friction generally decreased as the 

pressure increased particularly at higher moisture contents, 

2, The coefficient of friction increased as the moisture 

content increased, the increase being more sharp for lower speeds 

and higher moistxirs contents* 

3* The ooeffioient of friction was independent of speed 

for lower moisture contents, but at higher moisture contents it 

decreased with increase in the speed. 

Soil with 41,2 per cent of Clay 

This soil remained considerably dry even when moisture was 

added up to 15 per cent. The lowest amount of moisture with which 

the test oould be conducted was 15 per cent. It was generally 

found that as the clay content in the soil increased, the amoxint 

of moisture which was necessary to add to the ooil also increased, 

before it oould be used in the teat. This is because the particles 

©f clay arc smaller in sise and more numerous in number than the 

particles ©f silt and sand and therefore have greater specific 

surface which has to be coevered with the film of moistur©. Accord 

ing to Baver (3)» •given weight or voltuae of two mioron clay hag 
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fifty tiiB«« aore surfaes than ths aaae quantity of Tory fln« ssuaid 

and has tan tinea more surface than the weight of silt. The moia-

ture in the sample was increased in stages of 2 per oent up to a 

maxlauB of 32 per eent* She test oould not be carried out at higher 

peroentagea of aoisture as the aoil paste started flowing out of 

the can. 

For each stage of moisture eontenty four different pressures 

and for each pressure, four different speeds were tried* The read* 

ings obtained in the test are recoreded in table 71 under Appendix 

The values for the coefficient of friction are plotted against 

pressure, moisture and speed in figures 30 to 35* 7he curves in 

figures 30 to 33 indicate that at lower moisture content, the eo* 

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, 23 

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 dropped 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 13 per 

oent to 23 per cent, it is found that the coefficient of friction 

was either independent of moisture or decreased very slightly 

with increase in the moisture content* This seemed to be in the 
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'B* plmse, Thersafter the hehaviour of the coefficient of friction 

ie net unifom* The coefficient of friction ^^enerally showed a 

tendency to increase with Increase in moisture content^ hawing 

entered the phase, ewen though the curves are not quite uniform. 

At higher speeds, however, the curves appear to saoothen, indicating 

that the increase in the coefficient of friction with increase in 

the aoisturs content is tending to be undfnta at higher speeds. 

Figure 35 shows that the coefficient of friction is Inde* 

pendent of speed for lower moisture contents. But for higher mois-' 

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 bs 

responsible for greater coefficient of friction at lower speeds. 

The following conclusions can be drawn for this soili 

1. The coefficient of friction is Independent of pressure 

for low speeds and low moisture contents! but for high speeds and 

high moisttire contents, the coefficient of friction decreased 

generally as the pressure increased. 

2. The coefficient of friction was either independent or 

decreased very slightly, as ths moisture content increased for 

lower percentages of moisturet but it increased generally with in 

crease in moisture content for higher percentages of moisture. 

3. The coefficient of friction was independent of speed 

for lower moisture contents! but for higher moisture contents 
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It generally decreased with Increase in speed* 

Teat on Area of Contact 

Some tests were also carried out to find whether the area 

of oontaet had any effeot on friction* For this purpose four dlffer< 

ent cans of the sizes 2*50» 3*00» 5*25 and 3*88 inches in diameter 

were used^ The tests were made with the soils containing 7*5 and 

22*4 cent clay* In the case of each soil two different mois 

ture were taken* For each moisturep two different speeds were 

used* The total pressture was kept the same. The obserrations 

made are giwen in table Til under Appendix B* 

Figure 36 shows the behawiour of the coefficient of friction 

for different areas of contact* It will be seen from the curwes 

that the area oi contact had some influence on the coefficient 

of friction* The coefficient of friction generally increased as 

the area of contaot increased* In the ease of 7*3 per cent olay 

soil, 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 lor *<2»4 per cent olay. 

Clay Content of Soil and Teflon/Sotl Friction 

From the results obtained for different types of soils con 

taining different percentages of clay, an attempt was made to study 
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V 

how tho cloy content in the soil affected friction. Figure 37 

shows the effect of elay on the ooefflcient of friction. The 

ourwes in this figure have been drawn for the same speed, the same 

area of contact, the same preseure end the same moisture content# 

The ranges of moisture content used for the different clays were 

not Identloal. In some cases the figures for this snalysla wort 

obtalnod by oztrapolating the curves already drawn for those soils 

undsr given eondltlons. 

It will be seen from the curves in figure 57 that the clay 

in the soil had an Influence on the coefficient of friction. As 

the clay content increased the coefficient of friction was found 

to increase up to 10 per cent of clay. Thereafter the coefficient 

of friction was found to decrease as the clay content increased. 

This can be explained by the fact that while the soils with 

lower clay content had reached the phase, the acile with high 

er percentages of clay still remaind in the *3' phase for the 

same moisture content. 

Michols (12) found that with aon-plastlo soils, the coeffi 

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*5 xDd 9*6 per cent of day. 

The following were the average values of the coefficient 

of friction for the different coils used in the present teatai 

Average Values of the Coefficient of Friction 
Clay per eent Static Klnetio 

5.7 0.24 0.26 
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Average Y.iluep of tho Coefficient of Friction 

Clay per cent Statlo Klnetio 

7.5 0.25 0»30 

9.6 0.28 0.35 

22.4 0.28 0.34 

41.2 0,19 0.51 

ProB the above values for the coefficient of friction it is 

seen that the static coeffioient of friction was always less than 

the kinetic coefficient of friction. This behaviour of Teflon 

agreed with its property mentioned by the E.I. du Font de Nemours 

and Company (6, and 7)* 

Since the statlo friction is lass than the kinetic friction 

in the case of soils» it can be safely assumed that the power 

required to etart the soil movement against ths ground engaging 

surface of an implement covered with Teflon would be less than the 

power required to oontinue relative motion. 

The following values were found by Hiohols (10) for the co 

efficient of friction of metal against soils with different per-

eentages of colloidal content1 

Clay Content Coefficient of 
in per cent Friction 

0 0,26 

8 ' 0.36 

16 0.40 

24 0.47 

32 0.51 
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These T&lues were for the *B* phase friction whereas the 

awerage walues for Teflon found in the present tests included the 

values for the *C* phase also* which were higher than for *B* 

phase. Coaparing the figures obtained for Teflon in the present 

tests with those obtained by Nichols given above* it will be foiuxd 

that the coefficient of friction for Teflon is generally such less 

than the coefficient of friction for netal. 

Figure 58 shows two curves for the coefficient of friction 

against clay* one for soil/netal friction drawn from the figures 

obtained by Nichols* and the other for soil/Teflon friction drawn 

from the figures obtained in the present tests. 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 fric 

tion shows a tendency 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 minisnim 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 0.05* For 

the higher clay percentages this differsnoe goes on increasing up 

to 0.18 for 52 per cent of clay. 
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. CHAPTSt VI 

' COHCL0SION3 

Eff«ot Of Pyftiurt on Friction 

It was found. In gsneral, that tho ooeffloisnt of fric 

tion was either independent of the unit pressure or deereased as 

the pressure increased. For soils with 5.7 and 9.6 per cent elay 

oontent 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 decreased as the pressure increased| although at low 

moisture content, it can be assumed they are independent. The 

decrease in the value of the ooeffieient 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 cant of clay, the co 

efficient 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 

eurface. For the soil with 7*3 per cent of clay, the coefficient 

of friction first deereased as the moisture content increased up 

to a particular limit and thereafter, it increased ae the moisture 

content increased. This is due to the friction being in the *B* 
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phase for the lower eontente of moloture and entering the <C* phase 

for higher aoiatnre 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 

doeffioisnt of friction increased as the moisture content increased. 

This indicates that the friction was in the 'B* phase for lower 

moisture contents and entered 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. This soil was worked with moisture contents of 

10 per eent and above. It therefore seems that the friction, in 
^^e case of this soil, entered the phase at once, owing to 
the high moisture ecutent. 

For the soil with 41.2 per cent of clay, the coefficient 

of friction was either independent or deoreased slightly, as the 

moisture content increased up to 25 per cent moisture. For higher 
moisture contents, the coefficient of friction generally increased 

as the moisture content increased. This behaviour also shows that 

the friction was in the 'B* phase for lower moisture contents 

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 Tarled with speed for higher moistiure 

contents in the case of soils with 7*3$ 22,4, said 41,2 per cent 

of clay. 

Effect of Area 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 ewen though slightly. 

Effect of Soil Clay Content on Friction 

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 frost 5,7 per cent of clay to approxi-

nately 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 0.05 than the coefficient of friction for soil/aetal friction, 

when the clay content was 10 per cent. The difference between 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. 

As the friction of Teflon against soil is less than the friction 

of metal against soil, it can be assumed that the power req.uired 

for working the implements cowered with Teflon will be less as 

compared with the implements made of metal. 

It therefore appears that Teflon can be used with ad-

wantage in agricultural Implements such as moldboard plows, disk 
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plowe and disk harrowa to roduco tho pcwor roquirement for primary 

and flocondary tillago. Tho only drawback in tho wide use of Teflon 

in tillage machinery Is its present high cost} howewer cheaper 

▼arieties of Teflon can be adapted for use in agricultural aachi* 

nery} such as Kelon - C, manufactured from the scraps of Teflon, 

which costs less and has greater wear resistance than uneompotxndod 

Teflon. 
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CH'^PTER TII 

BKCOMMEHDATIOirS AHD SU&&ESTIOHS FOB PUTUHE STUDY 

Owing to the property of low coeffioient of friction, it 

seotaa that Teflon can he used in the oonstruotion of tillage tools 

not only for ioprowing their soouring hut also for reducing their 

power requirements* Tests have been oonduoted at Hawaii (1,20) 

primarily to study the scouring properties of the Teflon covered 

moldhoard plows, while working in plastic soils. It appears that 

no definite studies have been made with regard^ to the reduction in 

the power requirements of the tillage tools eovered with Teflon. 

It is therefore reoommended that field studies should be under* 

taken with some of the tillage tools covered with Teflon, to find 

how much power can be reduced by using Teflon covered tillage 

tools as compared with metal tools. 

Since ths compounded Teflon has bstter properties than un-

compounded Teflon, it is suggested that ths field tests should 

include studies to find which additive is most suitable for work* 

ing with soils £md also to find whether the compounded Teflon is 

cheaper and more lasting than other varieties. 

Teflon is available in the form of taps, sheets, rods, tubes, 

coated fibres, coated wire, wire enamels, molded parts etc* 

Studies should therefore be conducted to find whleh form of Teflon, 

is more oonvenient and soonomieal to uas. Whether, for instanoe, 

painting of metal surfaoss la more oonvenient and eoonomical than 

to cover ths metal surfaoss with Teflon tape or sheeting or molded 

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



CHAPTEH VIII 

SUMMAfil 

fh« bulk of the energy absorbed in tillage is used in soil/ 

iaplement friction and tillage implements are materially affected 

by soil friction. If the tillage operations on the farms hare to 

be more eoonomioal, power must be reduced. If the power has to be 

reduced without affecting the quality of tillage, soil/implement 

friction which absorbs the bulk of the energy should be reduced. 

In order to reduce soil/implement friction, the surface of the 

implement should be of such material that it has a lower eoeffl* 

cient of friction than the conventional metals like steel. 

"Teflon", tetrafluoroethylene resins, developed by E.I. du 

Font de Hemours and Company, Wilmington, Delaware, are found to 

possess the lowest coefficient of friction of all known solids. 

These resins are also found to have non-adhesive properties 

are not affected by moisture. They are chemically inert and 

corrosion resistant. These resins can therefore be used with 

advantantage in the oonstroiotion of tillage tools to reduce power 

and hence to reduce the cost on tillage. 

The present study was made to find the friction charac 

teristics of Teflon against soil, five different soils contain 

ing 5»7# 7*3» 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. 

Jot each stage of moisture content, four different pressures) and 
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for each pre8sur«« four dlffsront speeds vere used. 

The nethod employed in conducting: the tests vas the same ae 

used by Siohter (16) and Reddy (15)• A Teflon covered disk, forty-

eight inches in diameter, was made to rotate at different speeds, 

by an eleetrieally powered tapping machine, through a series of ▼«* 

belts and pulleys. Open ended cylindrical cans were used to hold 

the soil. The soil was packed in these cans and kept on the Teflon 

disk, taking oare to see that the edges of the can did not come in 

contact with the Teflon surface. A string was carried to a sen-

sitiwe deteotogram 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 

deteotogram 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 lower moisture contents, the co 

efficient of friction was either independent of moisture or de 

creased as moisture increased ; for higher moisture contents, 

it increased 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 as the 

area of contact increased and varied with the clay content of the 

soil. 
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Aa a raault of the teat it iraa fouad that the atatic oo* 

effielent of friction waa leaa than the kinetio coefficient of 

friction* It waa alao found that the coefficient of friction of 

Teflon a|:ainat 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 aa 

tillage toola, by prowiding the. working parts with a cower of 

Teflon* 

1 f 
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I.IBLS 1 

OBSEETATIOHS FOE DETEEffilNISG Tm SPEED OF TEPLOF DISK AT 
16 lECEES PADIDS 

DATE OF SSSTt Jaauarj 26, 1939 

POSITIOK OF OEAE OB TAFPIBS MACEIBEt Back 

Coat 

Pttllty Pullty Speed at 18" 
on on Bum'ber HeYolutions 

Tapping Jaok Motor of Time Taken per ft./ 
Machine Shaft Speed Berolatlona Mia. See. Minute tain. mph 

Mo. 1 Mo. 1 Lov 5 1 14 4.06 58.2 0.43 
Mo. 1 Mo. 1 High 10 1 14 8.12 76.4 0.87 
Ho. 1 Mo. 2 Low 100 X 44 57.7 545.0 6.17 
Mo. 1 Mo. 2 High 100 - 52 115.4 1086.0 12.54 
Mo. 2 Mo. 1 Low 5 1 52 2.68 25.25 0.29 
Mo. 2 Mo. 1 High 10 1 52 5.56 50.50 0.57 
Mo. 2 Mo, 2 Low 50 1 19 38.0 557.5 4.06 
MOk 2 Mo. 2 High 100 X 19 76.0 715.0 8.12 
Mo. 5 Mo. 1 Low 5 4 55 1.018 9.58 0.11 
Mo. 5 Mo. 1 High 10 4 55 2.056 19.16 0.22 
Mo. 3 Mo. 2 Low 10 • 41 14.65 158.0 1.57 
No. 3 Mo. 2 High 20 •» 41 29.5 276.0 3.14 
Mo. 4 Mo. 1 Low 5 7 48 0.64 6.04 0.07 
No. 4 Mo. 1 High 10 7 48 1.26 12.08 0.14 
Mo. 4 Mo. 2 Low 10 X 04 9.23 87.0 1.00 
Mo. 4 Mo. 2 High 20 1 04 18.46 174.0 2.00 
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TAELB II 

READIiraS POS T1S5TS OP TEPLOir AGAINST 5-7 PP.R CMT GUY SOIL 

DATS OP TOSTI llareh !?» 1959 
SIZ£ OF CAN USEDt Dlaastar 3-25 inches 

Height ̂ .5 inches 
Area 8*55 Sq. inches 

TEMPERATUREj 76* P 

Weight 
of Test Total Friction 

Moisture Can & Additional Weight Pressure Speed Force Coefficient 

in per Soil in Weight (a) in in in (P) in of Friction 
cent lbs. in lbs. lbs. psl. mph. lbs. f/r 

m2 1-17 0.66 0,22 0.48 0.264-.83 
1.17 1.66 2.83 0.34 0.68 0.24m 

m1.17 2.66 3.83 0.48 U.88 0,23 
m1.17 5.66 4.83 0.58 1.02 0.21 

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 1.52 0.27 
2 1.17 0.66 1.83 0.22 2.00 0.56 C.3I 

1.17 1.66 2.83 0.34 2.00 0.84 0.30 
1.17 2.66 3.83 0.48 2.00 1.12 0.29 
1.17 3.66 4.65 0.58 2.00 1.58 0.29 

4 1.19 0.66 1.85 0.22 0.46 0.25 
1.19 1.66 2.85 0.54 0.67 0.24 
1.19 2.66 3.85 0.46 0.92 0.24 

«1.19 3.66 4.85 0.58 1.10 0.23 
4 1.13 0.66 1.85 0.22 1.00 0.52 0.28 

1.19 1.66 2.85 0.34 1.00 0.78 0.27 

1.19 2.66 3.35 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 1.65 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 5.85 0.46 2.00 1.10 0,28 

1.19 5.66 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) 

REABISaS FOR TESTS OH TEFLOH AGAIHST 5»7 CENT CUT SOIL 

• 

Weight 
of Test Total Friction 

Moisture Can A Additional Weight Pressure Speed Force Coefficient 

in per Soil in Weight (I) in in in (F) in of Friction 

cent Ihs. in lbs. lbs. psi. nph. lbs. f/r 

' 4 1.19 2.66 3.85 0.46 4.06 1.08 0.28 

1.19 5.66 4.85 0.58 4.06 1.34 0*28 

4 1.19 0.66 1.85 0.22 8.12 0.48 0.26 
1.19 2.05 0.34 0.741.66 8.12 0.26 

1.19 2.66 3.85 0.46 8a2 0.98 0.25 

1.19 5.66 4.85 0.58 6.12 1.26 0.26 
6 1.21 0.66 1.87 0.22 0.52 0.28-

e»1.21 1.66 2.87 0.34 0.68 0.24 
•1.21 2.66 3.87 0.46 0.94 0.24 

1.21 5.66 4.87 0.58 «» 1.06 0.22 

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 5.66 4.87 0.58 1.00 1.26 0.2b 

6 1.21 0.66 1.87 0.22 2.00 0.50 0.27 
1.21 1.66 2.87 0.54 2.00 0.76 0.26 
1.21 2.66 3.87 0.46 2.00 0.98 0.25 
1.21 5.66 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 0.54 4.06 0.78 0.27 
1.21 2.66 3.87 0.46 4.06 1.04 0.27 
1.21 5.66 4.87 0.58 4t06 1.34 0.28 

« 1.21 0.66 1.87 0.22 0.546.12 0.29 
1.21 1.66 2.87 0.54 8.12 0.78 0.27 
1.21 2.66 3.87 0.46 8.12 1.02 0.26 
1.21 5.66 4.87 0.58 8.12 1.28 0.26 

8 1.25 0.66 1.89 0.25 0.50 0.26 
m1.25 1.66 2.89 0.35 0.68 0.24 
m1.25 2.66 3.89 0.47 0.88 0.25 

1.25 5.66 4.89 0.59 1.06 0.22• 

8 1.25 0.66 1.89 0.25 1.00 0.52 0.28 

8 1.25 1.66 2.89 0.35 1.00 0.78 C.27 
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TABLE 11 (oontlnued) 

BEABIHGS FOE TESTS OH TEFLOH AGAIHST 5.7 PEE CEHT CLAY SOIL 

Weight 
of Test Total Friction 

Molstur* Can !» Additional Weight Pressure Speed Force Coefficient 
in per Soil in Weight (E) in in in (F) in of Friction 

oent lbs* in lbs. lbs. psi. mph. lbs. f/E 

8 1.23 2.66 3.89 0.47 1.00 0.98 0.25 
1.23 5.66 4.89 0.59 1.00 1.22 0.25 

6 1.23 0.66 1.89 0.23 2.00 0.48 0.25 
1.23 1.66 2.69 0.35 2.00 0.74 0.26 
1.23 2.66 3.89 0.47 2.00 0.94 0.24 

1.23 5.66 4.89 0.59 2.00 1.18 0.24 
8 1.23 0.66 1.89 0.23 4.06 0.46 0.24 

1.23 1.66 2.89 0.35 4.06 0.68 0.24 
1.23 2.66 5.89 0.47 4.06 0.88 0.23 
1.23 3.66 4.89 0.59 4.06 1.14 0.23 

8 1.25 0.66 1.89 0.25 8.12 0.44 0.23 
1.23 1.66 2.89 0.35 8.12 0.68 0.24 
1.25 2.66 5.89 0.47 8.12 0.68 0.23 
1.23 3.66 4.89 0.59 8.12 1.12 0.23 

10 1.25 0.66 1.91 0.23 0.48 0.25«• 

m1*25 1.66 2.91 0.35 0.80 0.28 
«1.25 2.66 3.91 0.47 1.08 0.28 

1.25 3.66 4.91 0.59 1.30 0.27 
10 1.25 0.66 1.91 0.23 1.00 0.240.45 

1.25 1.66 2.91 0.35 1.00 0.74 0.25 
1.25 2.66 3.91 0.47 1.00 0.98 0.25 

0.59 1.001.25 3.66 4.91 1.25 0.25 
10 1.25 0.66 1.91 0.23 2.00 0.50 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 5.66 2.00 0.234.91 0.59 1.15 

10 1.25 0.66 1.91 0.23 4.06 0.50 0.26 
1.25 1.66 2.91 0.35 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 0.27 

10 1.25 0.66 1.91 0.23 8.12 0.46 0.24 
1.25 1.66 2.91 0.35 6.12 0.70 0.24 
1.25 2.66 5.91 0.96 0.240.47 8.12 

1.25 3.66 4.91 0.59 8.12 1.18 0.24 
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9ASUS 111 

EEADIHGS FOE TESTS 01 TEFLOH AOAIHST 7.5 PEH CENT CLAY SOIL 

date of testI March 25, 1959 
SIZE OF CAE U3EE» Dlafflstar 5*25 inches 

Height 4.5 inches 
Area 8.35 Sq. inches 

TEMPERATUBSi 60* F. 
s; 1-

Weight 
of Test Total Friction 

Moisture Can & Additional Weight Pressure Speed Force Coefficient 
in per Soil in Weight (S) in in in (P) in of Frlotion 
cent lbs. in lbs. lb«. pai. nph. lbs. f/h 

4 1.19 0.66 1.85 0.22 0.54 0,29 
1.19 1.66 2.85 0,34 0.74 0.26m 

m1.19 2*66 5.85 0.46 0.90 0.25 
m3.66 0.581.19 4.85 1.15 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 1.16 0.51 
1.19 3.66 4.85 0.58 1.00 1.50 0.51 

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 0.51 
1.19 2.66 3.85 0.46 2,00 1.24 0.52 
1.19 3.66 4.85 0.58 2.00 1.52 0.51 

0.66 0.22 4.064 1.19 1.85 0.58 0.51 
1.19 0.34 0.311.66 2.85 4.06 0.88 

1.19 2,66 5.85 0.46 4*06 1.14 0.50 
1.19 3.66 4.85 0,58 4.06 1.48 0.31 

4 1.19 0.66 1.85 0.22 8.12 0.56 0,30 
1.19 1.66 2.85 0.54 8,12 0.84 0.30 

2.661.19 5.85 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 0.66 1.87 0.22 O.50 0.27e» 

-1.21 1.66 2.87 0.54 0.68 0.24 
-1.21 2.66 5.87 0.46 0.88 0.25 

1.21 3.66 4.87 0.58 1.07 0.22• 

6 lc21 0.66 1.87 0.22 1.00 0.5c 0.51 
1.21 1.66 2.87 0.34 1.00 0.88 0.31 
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TABLE Ill(coiitiniifid) 

BEALIBOS PCS TESTS 0» TES'LOI AGAISST 7.3 fES CEHT CLAY SOIL 

WaigLt 
Total Friction 

of T«at Pressure
Additional Veight Speed Force Coefficient 

Moiat-aro C&a A laWeight (S) in in (?) In of Friction 
la par Soil la 

in Ihe. Ihe. psi. mph. lbs. f/r
«aat lbs. 

6 1.21 2.66 3.87 0.46 liOO 1.16 0.50 
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 0.57 0.30 
1.21 1.66 2.37 0.54 2.00 0.85 0.30 
1.21 2.66 3.87 0.46 2.00 1.16 0.30 
1.21 5.66 4.87 0.58 2.00 1.44 0.30 

6 1.21 0.66 1.87 0.22 4.06 0.62 0.33 
1.21 1.66 2.87 0.34 4.06 0.90 0.31 
1.21 2.66 3.87 0.46 4.06 1.13 0.30 
1.21 3.66 4.87 0.58 4.06 1.45 0.50 

6 1.21 0.66 1.87 0.22 8.12 0.60 0.32 
1.21 1.66 2.87 0.34 8.12 0.90 0.31 
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 e» 0.40 0.21 

1.25 1.66 2.89 0.35 0.62 0.21 

1.2:> 2.66 3.89 0.47 SP 0.82 0.21 

1.23 5.66 4.89 0.59 • 1.20 0.25 
6 1.23 0.66 1.89 0.25 1.00 0.55 0.29 

1.23 1.66 2.09 0.35 1.00 0.03 0.29 
1.25 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 
i 1.23 0.66 1.89 0.23 2.00 0.54 0.29 

1.23 1.66 2.89 0.35 2.00 0.78 0.27 
1.23 2.66 3.89 0.47 2.00 1.00 0.26 

1.23 5.66 4.89 0.59 2.00 1.32 0.27 
e 1.25 0.66 1.89 0.25 4.06 0.54 0.29 

1.23 1.66 2.89 0.35 4.06 0.84 0.29 
1.23 2.66 3.89 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 0.12 0.84 0.29 
1.23 2.66 3.89 0.47 8.12 1.10 0.23 
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fABLE 111 (continued) 

READINGS FOR TESTS OH TBFLOH AGAINST 7.5 PEH CERT 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 lbs. in lbs. lbs. psi. mph. lbs. f/r 

8 1.25 5.66 4.89 0.59 8.12 1.54 0.27 
10 1.25 0.66 1.91 0.25 0.48 0.25-

m1.25 1.66 2.91 0.55 0.69 0.24 
1.25 2.66 0.95 0.24m5.91 0.47 

m1.25 5.66 4.91 0.59 1.22 0.25 
10 1.25 0.66 0.25 1.00 0.291.91 0.55 

1.25 1.66 2.91 0.35 1.00 0.82 0.28 
1.25 2.66 1.083.91 0.47 1.00 0.28 

1.25 5.66 4.91 0.59 1.00 1.54 0.27 
10 1.25 0.66 1.91 0.23 2.00 0.54 0.28 

1.25 1.66 2.91 0.55 2.00 0.82 0.28 
* 1.25 2.66 5.91 0.280.47 2.00 1.09 

1.25 5.66 4.91 0.59 2.00 1.55 0.28 

10 0.66 0.25 4.061.25 1.91 0.60 0.51 
1.25 1.66 2.91 0.35 4.06 0.88 0.50 
1.25 2.66 5.91 0.47 4.06 1.14 0.29 
1.25 5.66 4.91 0.59 4.06 1.45 0.29 

10 1.25 0.66 1.91 0.25 8.12 0.54 0.28 

1.25 1.66 2.91 0.62 0.280.35 8.12 

1.25 2.66 5.91 0.47 8.12 1.10 0.28 
1.25 5.66 4.91 0.59 8.12 1.40 0.28 

12 1.27 0.66 0.23 0.58 0.50>1.95 
.1.27 1.66 2.95 0.35 0.82 0.26 
•1.27 2.66 5.95 0.47 1.08 0.28 
•1.27 5.66 4.95 0.59 1.28 0.26 

12 1.27 0.66 1.95 0.25 1.00 0.66 0.54 
1.27 1.66 2.95 0.55 1.00 0.92 0.31 
1.27 2.66 5.95 0.47 1.00 1.18 0.50 
1.27 5.66 4.95 0.59 1.00 1.44 0.29 

12 1.27 0.66 1.95 0.25 2.00 0.55 0.28 
1.27 1.66 2.95 0.290.55 2.00 0.85 
1.27 2.66 0.295.95 0.47 2.00 1.15 
1.27 5.66 4.95 0.59 2.00 1.46 0.50 
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TABLE lIX(oontl]iued) 

EEALIITGS FOR TESTS OH TEFLON AGAINST 1,^ FSB. CENT CUT SOIL 

Weight 
of Test Total Friction 

Molstiiro Can & Additional Weight Pre83we Force Coefficient 

In per Soil in Weights (R) in in in (F) in of Friction 
cent lbs. in lbs. lbs. pei. mph. lbs. p/r 

12 1.27 0.66 1.93 0.25 4.06 0.55 0.28 

1.27 1.66 2.93 0.35 CO4.06 0.86 0.29 
1.27 2.66 5.93 0.47 «4.06 

• 1.15 0.29 
1.27 3.66 4.93 0.59 4.06 1.40 0.28 

12 1.27 0.66 1.93 0.23 8.12 0.54 0.28 
1.27 1.66 2.95 0.35 8.12 0.64 0.29 

1.27 2.66 3.95 0.47 8.12 1.12 0.28 

1.27 5.66 4.95 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 0.35 • 0.85 0.29 
1.29 2.66 3.95 0.47 «■ 1.15 0.29 
1.29 5.66 4.95 0.59 m 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 0.55 1.00 1.04 0.35 
1.29 2.66 5.95 0.47 1.00 1.22 0.31 
1.29 3.66 4.95 0.59 1.00 1.58 0.32 

14 1.29 0.66 1.^5 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 0.47 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 4.06 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 0.25 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 
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TABIJE IT 

readings fOB TESTS 01 TEFLON AOAIIST 9.6 FER CENT CLAY SOIL 

DATE OF TESTI April 1, 1959 
SIZE OF CAN USEDi Diaaeter 3.25 inches 

Height 4.5 inches 
Area 8*35 Sq. inches 

TEMPERATUHEi 70' F. 

Weight 
of Test Total Friction 

Hoisture Can A Additional Weight Freesure Speed Force Coefficient 
in per Soil in Weight (H) in in in (F) in of Friction 
cent Ibsi in lbs. lbs. pci. mph. lbs. f/e 

4 1.19 0.66 1.65 0.22 m 0.62 0.54 
1.19 1.66 2.85 0.54 m 0.80 0.28 
1.19 2.66 3.85 0.46 m. 1.00 0.26 
1.19 3.66 4.85 0.58 1.26 0.26 

4 1,19 0.66 1.85 0.22 1.00 0.65 0.55 
1.19 1.66 2.85 0.34 1.00 0.94 0.53 
1.19 2.66 3.85 0.46 1.00 1.22 0.32 
1,19 3.66 4.85 0.58 1.00 1.49 0.51 

4 1.19 0.66 1.65 0.22 2*00 0.56 0.30 
1.19 1.66 2.85 0.54 2.00 0.86 0.30 
1.19 2.66 3.85 0.46 2.00 1.16 0.30 
1.19 3.66 4.85 0.58 2.00 1.48 0.31 

6 1,25 0.66 1.89 0.23 • 0.52 0.28 
1.23 1.66 2.89 0.55 0.80 0.28 
1.23 2.66 5.89 0.47 • 1.04 0.27 
1.23 3.66 4.89 0.59 - 1.32 0,27 

8 1.23 0.66 1.89 0.25 1.00 0.62 0.33 
1.25 
1.23 

1.66 
2.66 

2.89 
3.89 

0.55 
0.47 

1.00 

1.00 
0.95 
1.24 

0.35 
0.52 I 

1.23 3.66 4.89 0.59 1.00 1.52 0.31 
8 1.23 0.66 1.89 0.23 2,00 0.63 0.33 

1.23 1.66 2.69 0.35 2.00 0.95 0.35 
1.25 2.66 5.89 0.47 2.00 1.25 0.52 
1.25 3.66 4.89 0.59 2.00 1.50 0.31 

8 1.25 0.66 1.89 0.23 4.06 0.62 0.53 
1.23 1.66 2.89 0.55 4.06 0.94 0.32 
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TABLE IV (continued) 

REABIKGS PGR TESTS OH TEFLOH AGAIHST 9.6 PER CEHT 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 Ihs. in lbs. lbs. psi. mph. lbs. f/r 

8 1.25 2.66 3.89 0.47 4.06 1.28 0.55 
1.25 3.66 4.89 0.59 4.06 1.52 0.51 

8 1.25 0.66 1.89 0.25 8.12 0.62 0.33 
1.25 1.66 2.69 0.35 8.12 0.94 0.52 
1.25 2.66 3.89 0.47 8.12 1.26 0.32 
1.25 5.66 4.89 0.59 8.12 1.54 0.32 

12 1.27 0.66 0.23 0.27•1.93 0.53 
1.27 1.66 2.93 0.55 0.78 0.27 
1.27 2.66 3.93 0.47 1.06 0.27m 

1.27 5.66 4.93 0.59 A 1.28 0.26 
12 1.27 0.66 1.93 0.25 1.00 0.60 0.51 

1.27 1.66 1.00 0.902.93 0.35 0.51 
1.27 2.66 1.003.93 0.47 1.20 0.51 
1.27 3.66 4.93 0.59 1.00 1.45 0.50 

12 1.27 0.66 1.93 0.23 2.00 0.60 0.51 
1.27 1,66 2.95 0.35 2.00 0.88 0.50 
1.27 2.66 3.93 0.47 2.00 1.18 0.50 
1.27 5.66 4.95 0.59 2.00 1.45 0.50 

12 1.27 0.66 0.23 4.06 0.651.93 0.34 
1.27 1.66 2.93 4.06 0.350.35 0.96 
1.27 2.66 0.47 1.24 0.325.93 4.06 
1.27 5.66 4.064.93 0.59 1.54 0.51 

12 1.27 0.66 1.93 0.25 8.12 0.60 0.31 
1.27 1.66 2.93 0.55 8.12 0.92 0.31 
1.27 2.66 0.47 1.223.93 8.12 0.31 
1.27 3.66 8.124.95 0.59 1.54 0.31 

16 1.31 0.66 1.97 0.24 0.56 0.23«•> 

.1.51 1,66 2.97 0.36 0.84 0.28 
1.51 2.66 5.97 0.48 1.15 0.29m 

m1.51 3.66 4.97 0.60 1.41 0.28 
16 1.51 0.66 1.97 0.24 1.00 0.72 0.37 

1.51 1.66 2.97 0.36 1.00 1.04 0.35 
1.31 2.66 5.97 0.48 1.00 1.56 0.54 
1.51 3.66 4.97 0.60 1.00 1.74 0.35 
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TABLE IV (continued) 

READINGS FOR TESTS ON TEFLON AGAINST 9.6 PER CENT CLAT SOIL 

Weight 
of Test Total Friction 

Hoiatiire Can It Additional Weight Pressure Speed Force Coefficient 
in per Soil in Weight (R) in in in (P) in of Friction 
cent lbs. in lbs. lbs. psi. nph. lbs. f/r 

16 1.31 0.66 1.97 0.24 2.00 0.74 0.38 
1.31 1,66 2.97 0.56 2.00 1.06 0.36 
1,31 2,66 3.97 0.48 2.00 1.42 0.36 
1.51 5.66 4.97 0.60 2.00 1.75 0.35 

16 1.31 0.66 1.97 0,24 4.06 0.74 0,38 
1.31 1.66 2.97 0.56 4.06 1.08 0.36 

2.66 0.481.31 5.97 4.06 1.42 0.36 
1.31 3.66 4.97 0.60 4.06 1.75 0.35 

16 1.31 0.66 1.97 0.24 8.12 0.67 0.34 
1.31 1.66 2.97 0.36 8.12 1.02 0.34 
1.31 2.66 3.97 0.48 8.12 1.38 0.35 
1.31 3.66 4.97 0.60 8,12 1.70 0.54 

•f-

i.- - .' " a,/' 1" 
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7A2LE V 

BEADIIGS FOS TESTS OS TEFLON AGAINST 22.4 PEfi CENT CLAT SOIL 

DATE OP TESTi April 2?, 1959 
SIZE OP CAN USED* Diametar 5.25 inches 

Height 4*5 lincheB 
Area 6*55 Sq. inches 

TEMPERATUIEj 84* P. 

Weight 
of Test Total Friction 

Moisture Can & Additional Weight Pressure Sneed Force Coefficient 
in per Soil in Weight (fi) in in in (F) in of Friction 
cent Ihs. in lbs. lbs. psi. aaph. lbs. p/s 

m10 1.25 0.64 1.89 0.23 0.45 0.24 
«e1.25 1.64 2.89 0.35 0.67 0.25 
•1.25 2.6a 3.89 0.47 0.86 0.22 
«1.25 5.64 4.89 0.58 3.15 0.24 

10 1.25 0.64 1.89 0.23 1.00 0.54 0.29 
1.25 1.64 2.89 0.35 1.00 0.82 0.28 

1.25 2.64 3.89 0.47 1.00 1.06 0.27 
1.25 3.64 4.89 0.58 1.00 1.37 0.2a 

10 1.25 0.64 1.89 0.23 2.00 0.54 0.29 
1.25 1.64 2.89 0.55 2.00 0.64 0.29 
1.25 2.17 3.42 0.98 0.290.41 2.00 

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 4.06 0.250.35 0.72 
1.25 2.17 3.42 0.41 4.06 0.94 0,28 
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 0.29 
1.25 1.17 2.42 0.35 8.12 0.68 0.28 
1.25 2.17 3.42 0.41 e.i2 0.94 0.28 
1.25 4.42 8.12 1.203.17 0.53 0.27 

12 1.27 0.64 1.91 0.23 0.53 0.28 
1.64 m1.27 2.91 0.35 0.75 0.26 

1.27 2.64 3.91 0.47 1.00 0.26m 

«1.27 3.64 4.91 0.59 1.28 0.26 
12 1.27 0.64 1.91 0.23 1.00 0.64 0.54 

1.27 1.17 2.44 0.29 1.00 0.82 0.54 
1.27 2.17 3.44 0.41 1.00 1.10 0.32 
1.27 5.17 4.44 0.53 1.00 1.33 0.30 
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TABI<E 7 (oontinuad) 

READINGS FOR TESTS OH TEFLON AGAINST 22,4 ?SB CENT CUT SOU, 

Weight 
of Test Totftl Friction 

Moisture Can & Additional Weight Pressure Speed Force Coefficient 
in per 
cent 

Soil in 
lbs* 

Weight 
in lbs* 

(r) in 
lbs* 

in 
psi. 

in 
oph» 

(P) in 
lbs• 

of Friction 
F/h 

12 1.27 0.64 1.91 0.23 2.00 0.62 0,32 
1.27 
1.27 

1.17 
2.17 

2.44 

5.44 

0.29 
0,41 

2.00 

2.00 
0.76 
1.05 

0,31 
0.50 

1.27 3.17 4.44 0.53 2.00 1.30 0.29 
12 1.27 0.64 1.91 0.23 4.06 0.60 0.31 

1.27 1.17 2.44 0.29 4.06 0.74 0,30 
1.27 2.17 3.44 0.41 4.06 1.02 0.50 
1.27 3.17 4.44 0.53 4.06 1.25 0.23 

12 1.27 0.64 1.91 0.23 8.12 0.58 0.30 
1.27 1.17 2.44 0.29 8.12 0.72 0.30 
1*27 2.17 3.44 0.41 8.12 1,02 0.30 
1.27 3.17 4.44 0.53 8.12 1.24 0.28 
1.29 0.64 1.93 0.23 «e . 0.52 0.27 
1.29 1.17 2.46 0.30 « mm- 0.65 0.26 
1.29 2.17 3.46 0.41 m 0.68 0.25 
1.29 3.17 4.46 0*53 m 1.11 0.25 

14 1.29 0.64 1.93 0.23 1.00 0.58 0.30 
1.29 1.17 2.46 0.30 1.00 0.73 0.30 
1.29 2.17 3.46 0.41 1.00 0.98 0.28 
1.29 5.17 4.46 0.53 1.00 1.25 0.28 

14 1.29 0.64 1.95 0.23 2.00 0.56 0.29 
1.29 1.17 2.46 0.30 2.00 0.70 0.28 
1.29 2.17 3.4S 0.41 2.00 0.98 0.28 
1.29 3.17 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 0.78 0.52 
1.29 2.17 3.46 0.41 4.06 1,08 C.3I 
1.29 3.17 4.46 0.53 4.06 1.34 - 0.30 

14 1.29 0.64 1.93 0.23 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 
1.29 3.17 4.46 0.53 8.12 1.28 0.29 

16 1.31 0.64 1.95 0,23 * 0.56 0.29 
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TABLE (continued) 

RIABIHGS FOR TESTS OB TEFLON AOAIBST 22.4 CENT CLAT SOIL 

Weight 
of Test Total Friction 

Eoisture Can A Additional Weight Pressure Speed Force Coefficient 
in per Soil in Weight (R) in in in (F) in of Friction 

cent lbs. in lbs. lbs. psi. nph. lbs. f/r 

m16 1.31 1.17 2.48 0.30 0.66 0.27 
1.51 2.17 3.48 0.42 0.88 0.25m 

m1.31 3.17 4.48 0.54 1.18 0.26 
16 1.31 0.64 1.95 0.25 1.00 0.72 0.37 

1.31 1.17 2.48 0.30 1.00 0.90 0.36 
1.31 2.17 3.48 0.42 1.00 1.22 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 0.641.31 1.95 0.25 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 0.25 8.12 0.58 0.30 
1.31 1.17 2.46 0.30 8.12 0.74 0.30 
1.31 2.17 3.48 0.42 8.12 0.98 0.28 
1.51 3.17 4.48 0.54 8.12 1.20 0.27 

18 1.33 0;64 1.97 0.24 0.58 0.29» 

1.55 1.17 2.50 0.30 . 0.81 0.32 
1.33 2.17 3.50 0.42 1.08 0.31• 

' m1.33 3.17 4.50 0.54 1.32 0.29 
16 1.33 . 0.64 1.97 0.24 1.00 0.74 0.38 

1.33 1.17 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 0.35 

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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TASLS T (continued) 

EEABIHGS m fBSfS OS TEFLOS AGAINST 22*4 PEE CENT CLAT SOU. 

Weight 
of Test Total Friction 

Moisture Can A Additional Weight Pressure Speed Force Coefficient 
in per Soil in Weight (E) in in in (F) in of Friction 
cent lbs* in lbs. lbs. psi. aph. lbs. f/h 

1.33 1.17 2.50 0.50 1.064.06 0.42 
1.33 2.17 3.50 0.42 4.06 1.42 0.41 
1.33 3.17 4.50 0.54 4.06 1.50 0.33 

18 1.33 0.64 1.97 0,24 6,12 0.75 0.38 
1.33 1.17 2,50 0.30 6.12 0.90 0.36 
1.33 2.17 3.50 0.42 6,12 1.20 0.34 
1.33 3.17 4.50 0.54 8.12 1.40 0.31 

20 1.35 0.64 «»1.99 0.24 0.74 0.37 
1.35 1.17 2.52 0.30 SA 0.95 0.38 

ea1.55 2.17 3.52 0.42 1.22 0.35 
«1.35 3.17 4.52 0.54 1,40 0.31 

20 1.35 0.64 1.99 0.24 1,00 0.98 0.49 
1.35 1.17 2.52 0.30 1.00 1,22 0.48 
1.35 2,17 3.52 0.42 1,00 1.45 0.41 
1.55 3.17 4.52 0.54 1.00 1.70 0.38 

20 1.35 0.64 1.99 0.24 2.00 0.76 0.38 
1.35 1.17 2.52 0.30 2.00 0,85 0.34 
1.35 2.17 3.52 0.42 2.00 1.20 0,34 
1.35 3.17 4.52 0.54 2.00 1.54 0.34 

20 1.35 0.64 1.99 0.24 4.06 0.76 0.38 
1.35 1.17 2.52 0.30 4.06 0.90 0.36 
1.35 2.17 3.52 0.42 4.06 1.20 0,34 
1.35 3.17 4.52 0.54 4.06 1.45 0.32 
1.35 0.64 1.99 0.24 8.12 0.74 9.37 
1.35 1.17 2.52 0.30 8.12 0.90 0,36 

2.171.35 3.52 0.42 8.12 1.18 0.34 
1.35 3.17 4.52 0.54 8.12 1.40 0.31 

22 1.37 0.64 2.01 0.24 • 0.66 0.53 
m1.37 1.17 2.54 0,30 0.82 0.32 

1.37 2.17 3.54 0.42 - 1.05 0.30 
1.37 3.17 4.54 0.54 1.22 0.27m 

22 1.37 0.64 2.01 0.24 1.00 1.15 0.57 
1.37 1.17 2.54 0.30 1,00 1.70 Ot67 

20 
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TABLE T (oontlnued) 

EEADIEOS FOB TESTS OM TEPLOH AGAIBST 22.4 PEE CEITT CUY SOIL 

Weight 
of Test Total Friction 

lolsturs Can & Additional Weight Pressure Speed Force Coefficient 
in per Soil la Weight (B) in in in (F) in of Friction 
cent lbs. In lbs. lbs* psi. nph. lbs. f/b 

22 1.57 2.17 5.54 0.42 1.00 2.26 0.64 
1.37 3.17 4.54 0.54 1.00 2.35 0.51 

22 1.37 0.64 2.01 0.24 2.00 0.95 0.47 
1.37 1.17 2.54 0.50 2.00 1.40 0.55 
1.57 2.17 3.54 0.42 2.00 1.65 0.47 
1.57 5.17 4.54 0.54 2.00 2.12 0.47 

22 1.57 0.64 2.01 0.24 4.06 0.80 0.40 
1.57 1.17 2.54 0.50 4.06 1.00 0.39 
1.37 2.17 3.54 0.42 4.06 1.50 0.57 
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 
1.57 1.17 2.54 0.50 6.12 0.85 0.34 
1.37 2.17 3.54 0,42 8.12 1.10 0.31 
1.57 5.17 4.54 0.54 8.12 1.40 0.31 
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SABLE TI 

REALINOS FOR TESTS OF TEPLOH AOAIHSS 41,2 PER CEKT CLAT SOIL 

DATE OP TESTI May 6, 1959 
SIZE OP GAM US£1>{ Dlanetajr 3*23 Inches 

Height 4*3 inches 
Area 8*33 Sq* inches 

TEMFERATBSEi 82* P. 

Weight 
of Test Total Priotion 

Moisture Can A Additional Weight Pressure Speed Force Coefficient 
in per Soil in Weight (R) in in in (P) in of Friction 
cent Ihs. in lbs. lbs. pai* nph* lbs. p/r 

13 1*30 0.64 1*94 0.23 0.33 0.18 
1*30 1.17 2.47 0.50 • 0*43 0,17 
1*30 2*17 3.47 0.42 0.35 0.16 
1.30 3.17 4*47 0.54 0.67 0.15• 

13 1*30 0.25OfM 1.94 1.00 0*52 0.27 
1.30 1*1.7 2.47 0.30 1.00 0.65 0.26 
1.30 2.17 3*47 0.42 1.00 0.88 0.25 
1.3Q 3*17 4*47 0.54 1.00 1.10 0.25 

13 1.30 0,64 1*94 0.23 2.00 0.34 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 0.34 2.00 1.15 0.26 

15 1.30 0,64 0.251.94 4.06 0.55 0.28 
1.30 1.17 0,30 4.062*47 0.68 0.28 
1.30 2.17 3.47 0,42 4.06 0.96 0.26 
1.30 3.17 4.47 0.34 4.06 1.20 0.27 

13 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 5.47 0.42 6.12 0.96 0.28 
1.30 3*17 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 0.46 0.19 
1.32 2.17 3*49 0.42 . 0.60 0.17 
1.32 m3.17 4.49 0.34 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 3.49 0.42 1.00 0.86 0.25 
1.32 3.17 4.49 0*54 1.00 1.10 0.24 
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TABLE TE(continued) 

HEABIKGS FOS TESTS 01 TEPLOH AGAIBST 41*2 PEE CENT CLAY SOIL 

Weight 
of Test Total Friction 

Hoist-ore Can & Additional Weight Pressure Speed Force Coefficient 

in per Soil in Weight (£) in in in (F) in of Friction 

eent lbs* in lbs* lbs. psi. mph. lbs. f/k 

0.64 1.96 0*24 2.00 0.50 0.2617 1.52 
1.52 1.17 2.49 0.30 2.00 0.64 0.26 

1.52 2.17 5.49 0.42 2.00 0.90 0.26 

1.52 5.17 4.49 0.54 2.00 1.15 0.26 

1.52 0.64 1.96 0*24 4.06 0.60 0.3117 
1.52 1.17 2.49 C.50 4.06 0.70 0.28 

1.52 2.17 3.49 C.42 4.06 0.94 0.27 

1.52 5.17 4.49 0.54 4.06 1.18 0.26 

17 1.52 0.64 1.96 0.24 8.12 0.55 0.28 

1.52 1.17 2.49 0.50 8.12 0.66 0.26 

li52 2.17 3.49 0.42 8.12 0.92 0.26 

1.52 5.17 4.49 0.54 8.12 1.14 0.25 

19 1.54 0.64 1.9s 0.24 - 0.36 0.18 
m2.51 C.50 0.46 0.16 

1.54 2.17 3.51 0.42 0.67 0.19 
- 0.82 0.18 

1.54 1.17 

1.54 5.17 4.51 0.54 
19 1.54 0.64 1.98 0.24 1.00 0.55 0.27 

1.54 1.17 2.51 0.30 1.00 0.64 0.26 
1.00 0.251.54 2.17 5.51 0.42 0.66 

1.54 3.17 4.51 0.54 1.00 1.12 0.25 

19 1.54 0.64 1.98 0.24 2.00 0.52 0.26 

1.54 1.17 2.51 0.50 2.00 0.66 0.26 

1.54 2.17 3.51 0.42 2.00 0.86 0.24 

1.54 3.17 4.51 0.54 0.242.00 1.06 

19 1.54 0.64 1.98 0.24 4.06 0.54 0.27 

1.54 1.17 0.30 0.642.51 4.06 0.26 

1.54 2.17 5.51 0.42 4.06 0.87 0.25 

1.54 3.17 4.51 0.54 4.06 1.10 0.24 

19 1.54 0.64 1.98 0.24 6.12 0.54 0.27 

1.34 1.17 2.31 0.30 8.12 0.66 0.26 

1.54 2.17 5.51 0.42 0.906.12 0.26 
1.54 5.17 4.51 0.54 8.12 1.14 0.25 
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TABLS VI (continued) 

lADIHGS FOR TESTS OH TEFLOH AGAIHST 41.2 PER CEHT CLAY SOIL 

Veighi 
of Test Total Friction 

Xolsturu Can & Additional Weight Pressure Speed Force Coefficient 
'in per Soil in Weight (E) in in in (F) in of Friction 

cent lbs. in lbs. lbs. psi. mph. lbs. f/r 

21 1.36 0.64 2.00 0.24 m 0.30 0.15 
1.36 1.17 2.55 0.30 m 0.45 o.ie 
1*56 2:17 3.55 0,42 • 0.63 0*19 
1.56 5.17 4^53 0.54 • 0.80 0.18 

21 1.36 0.64 2.00 0.24 1.00 0.50 0.25 
1.36 . 1.17 2.53 0.50 1.00 0.65 0.26 
1.36 2.17 3.53 0.42 1.00 0.88 0.25 
1.56 3.17 4.53 0.54 1.00 1.12 0.25 

21 1.56 0.64 2.00 0.24 2.00 0.54 0.27 
1.36 1*17 2.53 o;30 2.00 0.68 0.27 
1.36 2.17 3.53 0.42 2,00 0.90 0.26 
1.36 3.17 4.53 0.54 2.00 1.15 0.25 

21 1.36 0.54 2.00 0,24 4.06 0.56 0.28 

1.35 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 3.17 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 8.12 0.72 0.28 
1.36 2.17 3.53 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 m 0.35 0.17 
1.38 1.17 2.55 0.31 0.44 0.17 
1.58 2.17 3*55 0.42 m 0,65 0.18 
1.38 3»17 4.55 0.54 m 0.85 0.19 

23 1.38 0.64 2.02 0.24 1.00 0.45 0.22 

1.38 1.17 2.55 0.31 1.00 0.65 0.26 
1.38 2.17 3.55 0.42 1.00 0.88 0.25 
1.38 3a7 4.55 0.54 1.00 1.02 0.22 

25 1.38 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 
1.38 5.17 A.55 0.54 2.00 1.05 0.25 
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TABLE TI (oontlnued) 

BEABIBGS FOE TESTS 01 TEFLOH AGAIHST 41*2 FEE CEHT CUt SOIL 

Weight 
of Teat Total Friction 

Xol«tur« Can A Additional Weight Preaaure Speed Force Coefficient 

In p«r Soil in Weight (B) in in in (F) in of Friction 

ocnt lbs. in Iba. Iba. pai. mph. Ibe. f/h 

23 1.58 0.64 2.02 0.24 4.06 0.50 0.25 
1.38 1.17 2.55 0.31 4.06 0.64 0.25 
1.38 2.17 3.55 0.42 4.06 0.88 0.25 
1.58 3.17 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 3.55 0.42 8.12 0.96 0.27 
1.58 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 3.57 0.43 0.58 0.16-

-1.40 3.17 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 3.57 0.43 1.00 1.45 0.41 
1.40 3.17 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 0.45 2.00 1.25 0.35 
1.40 3.17 4.57 0.55 2.00 1.45 0.52 

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 3.57 0.43 8.12 1.15 0,32 
1.40 3.17 4.57 0.55 8.12 1.38 0.30 

27 1.42 0.64 2.06 0.25 0.44 0.21■a 

-1.42 1.17 2.59 0.31 0.59 0.23 
e*1.42 2.17 3.59 0.43 0.71 0.20 
-1*42 3.17 4.59 0.55 0.85 0.19 
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TABLE TI (contlnu«i) 

IMDINfiS F0& TESTS 01 TEPLO* AGAIHST 41.2 PER CENT CLAY SOIL 

!7slght 
of Tost Totftl Prictlou 

Moisture 
In per 
cent 

Can A 
Soil in 
Ids. 

Additional Weight Pressure Speed
Weight (a) in in in 
in lbs. lbs. psi. nph. 

Force 
(p) in 
lbs. 

Coefficient 
of Friction 

f/h 

27 1.42 
1.42 

0.64 
1.17 

2.06 

2.59 
0,25 
0.51 

1.00 
1.00 

0.64 
0.84 

0.31 
0.52 

1.42 2.17 3.59 0.43 1.00 1.15 0.32 
1.42 5.17 4.59 0.55 1.00 1.30 0.28 

27 1.42 0.64 2.06 0.25 2.00 0.62 0.50 
1.42 
1.42 

1.17 
2,17 

2.59 
3.59 

0.31 

0.43 
2.00 

2.00 
0.75 
1.05 

0.29 
0*29 

27 

27 

50 

1.42 
1.42 
1.42 
1.42 
1.42 
1.42 
1.42 
1.42 
1.42 
1.45 

5.17 
0.64 
1.17 
2.17 
5.17 
0.64 
1.17 
2.17 
5.17 
0.64 

4.59 
2.06 

2.59 
3.59 
4.59 
2.06 

2.59 
3.59 
4.59 
2.09 

0.55 
0.25 
0.51 
0.43 
0.55 
0v25 
0.51 
0.43 
0.55 
0.25 

2.00 
4.06 
4.06 
4.06 
4.06 
8.12 

8.12 

8.12 
8.12 

1.30 
0.80 

0.95 
1.16 

1.42 
0.72 
0.86 
1.10 

1.30 
0.54 

0.28 

0.39 
0.37 
0.33 
0.31 
0.35 
0.33 
0.31 
0.26 

0.26 
1.45 
1.45 

1.17 
2.17 

2.62 
5.62 

0.51 
0.43 

0.64 
0.75 

0.24 
0.21 

50 
1.45 
1.45 

5.17 
0.64 

4.62 
2.09 

0.55 
0.25 1.00 

0.92 
1.20 

0.20 

0.58 
1.45 
1.45 

1.17 
2.17 

2.62 
3.62 

0.51 
0.43 

1.00 

1.00 
1.50 
1.75 

0.57 
0.48 

50 
1.45 
1.45 

5.17 
0.64 

4.62 
2,09 

0.55 
0.25 

1.00 
2.00 

1.91 
1.04 

0.41 
0.50 

1.45 1.17 2.62 0.31 2.00 1.30 0.50 

50 

1.45 
1.45 
1.45 

2.17 
5.17 
0.64 

3.62 
4.62 
2.09 

0.43 
0.55 
0.25 

2.00 

2.00 
4.06 

1.71 
2.21 

0.86 

0.47 
0.48 
0.41 

1.45 
1.45 

1.17 
2.17 

2.62 
3.62 

0.51 
0.45 

4.06 
4.06 

1.04 
1.39 

0.40 
0.38 

1.45 5.17 4.62 0.55 4.06 1.54 0.35 
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y TABLE TI (continued) 
/ 

HIABINGS FOR TESTS 01 TEFLON AOAINST 41.2 ITEER CENT CLAT SOIL 

Weight 
of Test Total Friction 

Koisture Can & Additional Weight Pressure Speed Force Coefficient 
in per Soil in Weight (R) in in In (F) in of Friction 
cent lbs. in lbs. lbs. psi. mph. lbs. p/r 

30 1.45 0.64 2.09, 0.25 6.12 0,89 0.43 
1.45 1.17 2.62 0,31 8.12 1.09 0.42 
1.45 2.17 3.62 0.43 6.12 1.34 0.37 
1.45 3.17 4.62 0.55 8.12 1.52 0.33 

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

2.171.47 3.64 0.44 0.62 0.22 

1.47 3.17 4.64 0.56 0.96 0.21 
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 
2.171.47 3.64 0*44 1.00 1.50 0.41 

1.47 3.17 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 0.42 
1.47 2.17 3.64 0.44 2.00 1.33 0.37 
1.47 3.17 4.64 0.56 2.00 1.76 0.38 

32 0.641.47 2.11 0.25 4.06 0.82 0.39 
1.47 1.17 2.64 0.32 4.06 0.96 0.36 

2.171.47 3.64 0.44 4.06 1.30 0.36 
1.47 3.17 4.64 0*56 4.06 1.60 0.35 

52 0.641.47 2.11 0.25 8.12 0.80 0.58 
1.47 1.17 2.64 0.32 8.12 1.05 0.40 

2.171.47 3.64 0.44 6.12 1.30 0.36 
1.47 3.17 4.64 0.56 6.12 1.50 0.32 

1 
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TABLE ?II 

READIHGS FOR TESTS TO DETERMIHE TBE EFFECT OF AREA OF COHTACT 

DATEI May 9» 1959 TEMPERATUREi 79* fi 

Blasneter Total Friction 

Molature of Teat Area of Freaaure Speed Force Coeffie. 

Clay in in per Can in Contact (R) in in (F) in of Fric. 
per cent cent inohea in S(^. ina. Iba. mph. Iba. F/R 

7.3 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 
3.83 10.40 4.00 1.00 1.20 0.30 

7.5 6 2.50 4.90 4.00 2.00 1.03 0.26 
3.00 7.06 4.00 2.00 1.25 0.31 
3.25 8.55 4.00 2.00 1.20 0.30 
3.83 10.40 4.00 2.00 1.20 0.30 

7.5 8 2.50 4.90 4.00 1.00 1.00 0.25 
5.00 7.06 4.00 1.00 1.14 0.28 

5.25 8.35 4.00 1.00 1.14 0.28 

3.88 10.40 4.00 1.00 1.15 0.29 

7.5 8 2.50 4.90 4.00 2.00 0.90 0.22 

3.00 7.06 4.00 2.00 1.20 0.30 

3.25 8.35 4.00 2.00 1.15 0.29 
3.86 10.40 4.00 2.00 1.15 0.29 

22.4 15 2.50 4.90 3.00 1.00 0.88 0.29 
3.00 7.06 5.00 1.00 0.86 0.29 

3.25 8.35 3.00 1.00 0.94 0.31 
3.88 10.40 3.00 1.00 0.98 0.33 

22.4 15 2.50 4.90 3.00 2.00 0.84 0.28 

3.00 7.06 3.00 2.00 0.90 0.30 
3.25 8.35 3.00 2.00 0.90 0.30 
3.88 10.40 3.00 2.00 0.93 0.31 

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 0.50 
3.25 8.35 3.50 1.00 1.05 0.30 
3.88 10.40 3.50 1.00 1.18 0.34 

22.4 15 2.50 4.90 3.50 2.00 0.98 0.28 

3.00 7.06 3.50 2.00 1.06 0.30 
3.25 8.35 3.50 2.00 1.06 0.30 
3.88 10.40 3.50 2.00 1.20 0.34 


