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FORESOr.D TO APPENDIX C 

The folio»! ig rrport »as suboitted by Dr. T. íillioa Lambe, of the Massa¬ 

chusetts Institute of Technology, Caioridge. Hassachusetts, who was engeged as 

a consultant on studies to determine the effect of mineral coppositlon of foil 

fines and investigations of admixtures to prevent or minimize frost action in 

soils. 

The studies reported herein were carried out in Fiscal Years 1952 and 1953 

under a contractual agreement with Dr. Lambe. 

The contractor obtained, prepared, and furnished th Arctic Construction 

and Prost Effects Laboratory the mineral fines, chemicals, and other admixtures 

for cold room tests and also performed necessary chemical and mineralogical 

tests for the studies. The results of the freezing tests were tabulated, sum¬ 

marized, and submitted to the contractor by the Laboratory for interpretation 

and recosaendation for further testing. 

This report was written by Dr. Lambe in fulfillment, of Fiscal Year 1952 

contract and ras reviewed and processed for reproduction by the Laboratory. 

The investigations are being continued by Dr. Lambe. 
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SYNOPSIS 

This report describes research aime] at: (a) u ernininB the effect of 

conposition of soil fines on the frost susceptibility of the soil, and (b) 

finding admixtures which can in trace amounts reduce the frost susceptibility 

of soil. Freezing tests were run on a dean sand to which various ronomineral 

fines had been added. The data, which in most cases are explained in terns of 

the mineral structure, show that the composition of soil fines has a tremendous 

influence on the frost behavior of the soil. The nature of the exchangeable 

ion has a pronounced offert on the frost-heave-producing ability of n^nt-roriMo¬ 
noid fines. 

A theoretical discussion shows haw trace chemicals can reduce frost sus¬ 

ceptibility of a soil by one or more of three mechanisms, naaiely: (a) alter 

soil structure, <b) waterproof, and (c) alter permeability. Limited tests 

show that dispersants, which alter soil structure, have considerable promise as 

frost modifiers. Fbr example, a one percent treatment of sodium tetraphosphate 

reduced the rate of heave of a sandy clay from an average of 1.7 mm/day to 0.08 

rs day, a reduction of about 95 percent. Several waterproofers also showed 
promise. 
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PART I - INTRODUCTION 

^01, Aat*Krl,:!K'i iHi'l Plinxi.-c. Previous studies by the Arctic Construc¬ 

tion and Frost Effects Laboratory anti others have show that the frost sus¬ 

ceptibility of a soil depends not only on the amount of fines in the soil but 

also on the nature of these fines, in an utter.pt to correlate frost behavior 

and soil coirposition. the / ctic Cbnstructlon and Frost Effects Laboratory1, 

deterrined the mineral constituents of the fines for thirteen soils of known 

frost behavior. These soils, however, were too heterogeneous for any correla¬ 

tions to be drawn. It was decided that more progress on the effect of soil 

composition on frost susceptibility could be made by subjecting to freezing 

tests a non-heaving soil to which had been added various concentrations of 

different monomineral fines. 

The search for an admixture which will minimize, or, better still, pre¬ 

vent frost heave in a soil is not new. «hile admixtures such as asphalt will 

successfully prevent frost heave, the level of treatment reauired is of the 

order of magnitude normally used in a pavement. Recent advances in the know- 

ledce of the surface characteristics of soil colloids and the increasing avail¬ 

ability of chemicals which can alter these surface characteristics offer hope 

that admixtures can significantly reduce frost heave in a soil by altering the 

surface characteristics of the soil at treatment levels of one percent or less 

of the soil dry weight. The second purpose of the work described in this 

report was, ther-fore, to search for admixtures which in trace nuantitie. would 

reduce the frost susceptibility of .soil. 

Authorization. The wok described in the report was done during 

the period between the spring of 1052 and 1 June 1'53. It was authorized by 

Ountract No. DA-19-016-Rng-1979, dated 29 April 1952, and Contract No. l'A-19- 

016-Fng-2328, dated 27 June 1952. 

^03 .Scope oí Studies, Prei.cnted in this Report, The scope ot the work 

described in this report has been very extensive; many mineral fines and many 

admixtures have been tried. The results obtained present a good perspective 

on the two problems and suggest the most promising areas for future research. 

Many of the inconclusive trends observed in the studies will he investigated 

in future work v> that irost of them may be resolved. 

•Rais'd figures refer to bibliography at the end of this report. 
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PART II - EFFECT OF COMPOSITION OP SOIL FINES 

2*01- >iil Opposition. Soil components nre cither organic or inorganic. 

Knowledge of the nature of s.il organic matter anti its effect on soil prop¬ 

erties is general and limited. The influence of natural organic matter on the 

frost behavior of soil »ss not studied in the research included in this report. 

The components of inorganic soil materials can have cither an orderly 

atomic arrangement, and thus be crystalline, or have a rundo atomic arrange¬ 

ment. and thus be anorphous. Until recently, it was thought that the finest 

particles in soil «ere amorphous; the inquiring eyes of the electron micro¬ 

scope and the x-ray have shown this thought to be incorrect. The amount of 

amorphous material in soils is very small6. Although freezing tests were not 

performed on soils with selected amorphous material in this study, the frost 

susceptibility of an amorpnous silica, diatomaceous earth, was determined by 

the Frost Effects Laboratory during Fiscal Year 1951. 

The crystalline, inorganic parts of soil are minerals, in this report, 

the minerals have been divided into two groups, non-clay minerals and clay 

minerals. Grim“- has defined clay as a natural material that has; (a) 

plasticit), (b) very small particles, and (c) hydrous aluminum •••llicetes or 

occasionally hydrous magnesium silicates. Because of the exceptions to 

Grim s definition and because this definition is not universally accepted, 

there is considerable confusion us to the definition of a ‘clay mineral.' 

All minerals which are not -clay mine,als- are considered as 'non-clay min¬ 
erals'. 

The most abundant non-clay minerals in soils are the silicates, oxides, 

and carbonates. The typical and very common minerals of the abundant non¬ 

clay mineral group which were selected for frost tests an- listed in Table 

Cl. These minerals exist in particle sizes both larger and smaller than 

0.02 cm. The clay minerals used as monomineral fines for frost tests, 

listed in Table C2, may be classified into four groups; the kaolins, montmor- 

illonoids , »Hites and a miscellaneous group.' 

'The structure of the clay minerals have been discussed in detail in hiñerais of the 
jf¿ntmnn ! len; te Grc-p by C. S. Ross and S. B. Hendricks. Prof. Paper 205-B, pp. 23-77. 
U.S. Geological Survey, Dept, ot the Interior, 1915; X-Rny Identification and Crystal 
Sinjc'cr" H (.]-y Bin,Tais, edited by G. ». Brindley, the Hineialogical .Society, l/jnloii, 
1951: and in Icier,fid- Cl ;.y Mineral:,. Ai1.!. Henear,-h Prelect 19. American Petroleum 
Institute, Columbia University, New York, 1951. “' 
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The kaolins Include minerals consisting of a glbbslte-silica sandwich and 

the structure Is usually termed a 1:1 type structure. Of the three kaolins 

studied, their order of abundance as soil components increases in the order 

dlckite, halloysite and kaoMnite. Ihere is a little, if any. isoao^houssnb- 

stitutlon in the lattice of the kaolins, and the linkage of ultimate platelets 

Ín tbe ka0UnS 15 * Verjr strong one- l^k of 1 soonrpbous substitution re- 
suits in a very low ion exchange capacity and general low activity of the kao¬ 

lins; the strong internet linkage prevents the kaolin minerals fnim swelling 

in the presence of water. In general, therefore, the kaolins can he considered 

as inactive clay minerals. An c*.-~tion to this statement is the mineral hal'oy- 

site. which has a structure similar to that of kaolinite but with consider^, 

«re bound water in it. Halloysite can be a very plastic material6 and experi¬ 

ence has shown that this mineral can cause serious engineering problems. 

The structure of the montmorillonoids consists of a gibbsite unit between 

twu hydrated silica sheets. It is therefore, referred to as a 2:1 type struc¬ 

ture. The minerals of the montmorillonoid group differ from pyro-phyllite in 

the substitution of metallic ions for either aluminum in octahedral coordination 

and/or silicon in the tetrahedral coordination. FPr example, in nontnorillo- 

hUe. a magnesi:- ion is substituted for every sixth aluminum. This substitu- 

tion of a plus 2 ion for a plus 3 ion gives a net negative charge of minus 1 

for each magnesium. The net negative charge which the montnorillor.oid -beets 

carry because of the isomorphoussubstitotion is balanced ny exchangeable ca¬ 

tions between the sheets. These exchangeable cations serve to link the sheets 

together; this linkage is aided by secondary valence forces between the polar 

onits. Since this total linkage is a relatively we;* one. the «ntnorillonoid 

•ill swell in the presence of water and often disperse into ultimate sheets in 
dilute water suspensions. 

The most common member of the montmorillonoid group is montmorillonite; 

there is evidence that nontronite may bfe almost as abundant as montmorillonUe 

There is a puestion as to whetherbeidellite is a mineral or a mixture of min- 

erais, such as an interstratification of montmorillonite and kaolinite. Hec- 

torite JS not thought to be a very common montmorillonoid. Pyro-hylllte is 

Included in the montmorillonoid group because of the similar structure, it 
is not normally considered clay mineral. 

C4 
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Ilute is a group nane proposed by Grin for clay minerals related to 

nica but nore hydrous and lower in alkali content. The nenbers of the group 

and the variations are not well established, but it is known that the illites 

vary in properties over a considerable range. The illitc structure is thought 

to be very similar to that of muscovite. In illite. there is replacement of 

about 15 percent of the silicon with aluminum, which causes the illite sheet 

to have a net negative charge. This charge is partially balanced by non¬ 

exchangeable potassium ions and partially by exchangeable cations. The sheets 

in an illite crystal are held together by the potassium ion plus secondary 

valence forces. This combination results in a strong intersheet linkage, with 

the result that illite is a non-swelling clay mineral. 

There are many minerals which are sometimes included under this classifi¬ 

cation of clay minerals. The chlorites are hydrous silicates of aluminum with 

ferrous iron and magnesium in their structure. Recent studies suggest that 

chlorite may be a very coraon soil component7. Attapulgite, sometimes called 

a fibrous clay mineral, has an amphibole-type structure. Because of the un¬ 

usual structure, It is able to draw water into itself just like a bundle of 
straws. 

There is considerable evidence to show that soil colloids carry negative 

charges which are neutralized by exchangeable cations. The electrical charge 

which a soil colloid carries can come from one of several sources. The iso- 

morpi.ous substitution of nn ion for a higher valent ion results in a charge 

deficiency; for example, Mg++for Al+K in montmorilIonite, and Algier Si++++ 

in illite. This type of substitution is. most likely, the major source of 

particle charge in the nontmorillor.oids and illites. Most of the soil-water 

systems are acidic in character. This low pH suggests the dissociation of hy¬ 

drogen from the hydroxyl groups on the mineral surfaces or the removal of ex¬ 

changeable hydrogen, thereby giving the mineral a negative charge. Since the 

surfaces, edges, and corners of soil colloids are locations of discontinuity, 

there are local residual charges there. The heterpolar bonds in the mineral 

crystal also result in the local regions of electrical charges. Ions can be 

strongly attracted to the mineral surfaces to satisfy the local charges, and. 

in effect, become part of the particles. 

The electrical charge of the soil colloid is neutralized by counter-ions 

or exchangeable ions. They are usually termed exchangeable ions, since they 



can be ,eplaced by other ions in exchange reactions since , . 
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resulted in ercater than b5 percent exchange; in other »ords, f.b percent of the 

available spots on the nont-onlIonite are filled »ith the ion desired. 

The various ponomineral fines »ere prepared in the M. I.T. Soil Stabilisa¬ 

tion Laboratory and »ere supplied to the Arctic Construction und Frost Tffects 

Latoratory. At the Frost Effects Laboratory, these nineral fines »ere incor¬ 

porated into HcXarara sand iron »hich all particles finer than .074 nm and 

greater than 2.0 aw had been removed. The blended soil sarples »ere then com¬ 

pacted. saturated, and subjected to frost tests by the Frost Effects Laboratory, 

using a standard procedure. 

2-03. Analysis of Test Results, Before an analysis of the data is made, 

it is pointed out again that only one soil, the minus 2.0 mm to plus 0.074 mm 

of HcNarara sard, «as nixed with the various monominoral fines and subjected to 

freezing tests. The number of tests is limited and, in several instance., the 

scatter is large. The trends observed must be considered tentative, therefore, 

until considerably tore data have been obtained. The test results listed in 

Table C6. Appendix C, and Tables D1 and 02. Appendix D. hav been plotted in 

Plates C2, C3. and C4 The heaves for the various mineral fines »hen present 

in 3 and 12 percent concentrations, r.ho»n in Table C4, »ere taken from Plates 

C2 - C4 There are a number of interesting and significant trends which are 

presented and discussed in the follo»ing par-graphs. 

In general, the clay mineral fines are more frost producing than are the 

non-clay mineral fines in concentrations of 3 percenter less. There are sev¬ 

eral exceptions to this staterx-m, which are difussed below. At a fine con¬ 

centration of 12 percent, the rates of heave of the various non-clay mineral 

fines are of the same order of magnitude; on tne other hand, the rates of heave 

for the clay mineral fines vary over a tremendous range. 

As Plate C2 sho* . for the three- -ost corron clay minerals at low fine 

concentration, the order of frost heaving ability is illite > Kaolinite > ront- 

morillonite; at higher concentrations, the order is Kaolinite > ill lie > rnont- 

ttjrillon<»e An exception is the iron form of nontmori!Ionite, which is more 

fro:/, heave producing than Kaolinit-. Plate C2 alro shows that an increase in 

fine concentration causes a reduction in frost heave for illite above a concen¬ 

tration of atout 6 percent and sodium rr.ontraorillonlte at a concentration above 

atout 2.5 percent. No reduction in heave with Increasing concentration was 

noticed .»ith sollnlte p to 50%. the highest concentration tested. 

C7 
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Be frost heave producing ability of the three kaolins tested is kaolinlte > 

halloysite > dickite (see Plate C2). Since the liquid Unit of halloysite is about 

fice that of Kaolinite, it «uld be expected that halloysite aould reduce the 

Peccability of the sand «ire than aould the Kaolinite, and therefore *,uld result 

in less heave at higher concentration. There are too few data available on dicklte 

to »arrant an explanation of its behavior. 

Be frost heave data on the nonttnorillonoid fines (Plate C2) show! that the 

heav producing ability of the nontrorillonoids varies over a very wide range. 

Be nature of the exchangeable ion on montnorlllonite has a tremendous in¬ 

fluence on the frost heave producing ability of the montroril Ionite fines, as 

Plate C2 shows. In order of their frost heave producing ability, the ions are iron 

> «agnesiiifl^ potassiu* =lead > calcium > sodiu.- at a concentration of 3 percent 

fines. Bis order is approximately the one which would be expected in view of the 

• ater pickup and Atterterg limit data given in Table C3. iron being a trivalent 

cation, tends to collapse the diffuse double layer, thereby reducing the adsorbed 

water, which in turn increases the permeability of iron nontmorilIonite. At the 

other extrece, sodium, a monovalent, highly hydratable cation causes the nontmoril- 

lonite colloid to hev. * iarr,e diffuse double layer, large amount of adsorbed wa¬ 

ter. and therefore, lo. Peccability. As far as frost heaving ability goes, iron 

:s the «rst exchangeable cation to have, and sodium is the best. One should 

therefore, be suspicious of the frost susceptibility of soils hi3h in iron. The 

use of an ion exchange reaction in which sodium replaced other ions might be con¬ 

sidered for raking a soil less frost-susceptible, were it not for the fact that 

the use of a disper-xt as discussed in Part III of this report, accomplished the 

sare result rush more effectively. 

Be data do not substantiate the thought initially held that carbonates 

•ere high frost produc.,- fines. Table C4, for example, shows that the frost 

heave producing abilities of calcite. magnesite and dolomite are less than that 

of muscovite, Ubradorlte and quarts. Plate C3 shows that the frost heave pro¬ 

ducing ability of the three carbonates tested are of the same order of magnitude. 

It shows further that there is no significant difference between the frost heave 

Producing abilities of < 0.1 rm > 20 ^ and c 20 M > 2 M fractions of calcite. 

Plate C4 and Table 04 show that attapulgite Is a high frost heave producer 

Since attapulglte. with Us amphibole-type structure, has a particle which Is a 

\ 
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gn.Lp of hollo» tubos, and can therefore serve as a channel through which water 

can be drawn, it is not surprising that it it. a large frost heave producer. 

Since attspuigite is a non-swelling ninerul, it probably is u large heave pro¬ 

ducer in even high concentration. The data also show that chlorite, like ill He. 

Is a relatively high irost heave producer. 

The dsta suggest that the larger the imperreabilizing effect of the fines, 

the skalier the frost heave they produce. Since the liouid Unit is a measure 

of the irpenstabilizing effect under certain conditions, one night expect an in¬ 

verse relation between liquid limit and ability to produce heave. 
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P'.RT III - EFFECT OF ADHIXTHRFS 

3-01. Gciicral■ Studies have been made by the Corps of Engineers and others 

to detenrine the effectiveness of salt and bitumen in preventing icS segrega¬ 

tion in soils. Salt reduces frostheave by lowering the freezing point of the 

pore water; since the salt pore water is usaily replaced by salt-free ground wa¬ 

ter. the beneficial effects of salt as a frost inhibitor ,re temporary. It was 

found that ice segregation could be prevented by the addition of sufficient bi¬ 

tumen to rake the soil irpervious; however, the amount required to reduce segre¬ 

gation to a negligible value approached the bitumen content commonly employed for 
construction of bituminous pavements. 

Par an admixture to be an economical frost modifier, it must be either u 

very cheap material or function at a very low tr?atacnt level. Since it is dif¬ 

ficult to imagine a soil additive which will be radically cheaper than bitumen, 

the search for low treatment frost modifiers was undertaken. The type of ad¬ 

ditive which appears to have most promise as a frost modifier when used in trace 

quantities is one which reacts with the soil; in other words. It considers the 

soil as a partner in a soil-chrmical reaction, rather than as an inert filler. 

mree mechanisms with which chemicals can minimize or prevent frost heave 

in soils when used in trace amounts are: alter soil structure, waterproof, or 

alter perreability. «hile there Is an overlap amounr them, these are discussed 

below separately. A particular chemical might employ more than one of them. 

The potentialities of trace chemical frost modifiers appear to be large. 

The chances for a -'ccessful one will improve as more data on soil chemical 

reactions, and core u.,oerstanding of soil and the fundamentals of frost be¬ 
havior become available. 

. .»....V . ... winx.!, |,|||' 

components are arranged. Structure, therefore, Includes the order or orienta¬ 

tion of the various units, the forces between the various units, and the forces 

between the soil particles and soil water. All of the properties of a soil - 

apparent particle size, plasticity, strength, permeability, compressibility 

compaction characteristics, etc.. - depend on its structure, since the frost 

0t 11 10,1 ’■ !*«H characterlatlca, it follows that this 
behavior depends on soil structure. 

no 
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«n Inorganic aoll ' „e ml(s of , 

. ,.1., ,m,™, or sol, p.rtlclo o„ b, , te.c „„„ 

cr» . or Kt„KU. ». roroo, ho,«.. ,0..,.0. tl, „ , c ¡ :.:: n: -- ^ - ■» > ■»..to M of 
erais »hlch h 'T ^ ^ eXCePtl°n 1S the ^ of «Piding lattice min- e s Mc ave ^ the basic ^ ^ 

Part II - Effect of toaposition of Soil Fines The int,„ - - -. —«,, o.,,.,, „.o,,.,. :: T:::r:z::\ 
- —. aro. „00,0,0. ., « 

s.» », „ .o, : :: .T“: “* »— 

- -- 

toroos ,.d thorot, cm „so , bu,,** ., ,ssoe„ies. ' 11"’ 

T, Intercrysta, .„„ci, rooco ,s 0o „oe o, ,bo poss,b„ „„ :,:::::r ::-——— rt~:r 
troct.ro. 0,,0, „0 ,0,,0.1 0, „„ „«ibl, .„o..,,., „„ 

».too, 0,0,0.,0,0.,00,0,,,., o, « soll-mlloid .„h lh, „.o,^,; 

greatly depends on the pore finid *nv ♦ Paiticle 
*^re Ilul(1- Any treatise on soil stmrtnr« ♦. 

:::::::::: r:: ■" “i- ----- ;;;- r—- ? :,::::7-: « - -. «, :,,: 
senti^lly free of soil attractive forces and therefore, able to respond to 

norral hydrostatic forces. ^ 10 

One can think of the structnre of a natural soil fls varying between the 

p-rtt "T" ,Jli;rjCrSl0n anri cumP>‘'te aggregation, n.e position of any 

logical hi Z T" thPSe tW M"US Ui~ ÜPOn ,tS and gro- 
nr. rbr example. a marine clay that has been subjected o lur- 

COn'0',::;’ : ! ! : as olay) win b, ,.,n„ ru,, (() : 
high degree. ‘ ,.mea to a fairly 

ai 
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Soil structure can be altered by: 

a. It has been theorimi5 that remolding pushes parti¬ 

cles opart at points of contact, destroys the largest voids, results in an in¬ 

crease oi adsorbed water at the expense of pore water, and permits a more 

orderly arrangement of particles, ttls action nonrally results ir a loss of 

strength and oenaeability of an undisturbed clay upon residing, ftr examp'e 

the unconfined compressive strength of remolded Boston blue clay is about 1/25 

of the undisturbed, and the permeability of remoldeo about 1/2C0 of the und«. 

turbed. Since the penreah.lity of the undisturbed soil is greater than that 

of the remolded, „ne would expect mor* frost heave in undisturbed Boston blue 

clay, which has a supply of water available, because of the greater ease of 

securing water. This reasöning agrees with the expeumental data. 

b. Di£P.ersion_ Certain chemicals disperse8 a soil system, by In¬ 

creasing the interparticle repulsive forces or singly pushing the particles 

apart by increasing the thickness of the diffuse double layer and therefore 

the adsorbed water. One group of such dispersants is the sodium salts of 

certain polyanions, for example, sodium tetraphosphate. If sodium tetraphos- 

Phate is added to a wet soil, the polyvalent cations responsible for aggro- 

eating the soil can be replaced by sodium ions; the polyvalent cations are re¬ 

amed by a completing reaction (sequestration) with the polyphosphates. The 

soil particles are then separated because of the highly hydrated sodium ions 

increasing the thickness of the diffuse double layer and therefore the thick- 

pass of adsorbed water. The phosphate polyanions also react with surface of 

the soil and the sodium ions attach themselves to the phosphate. Ultimately 

auch soil particle will be surrounded by a polyanionic layer with its accom-’ 

panylng auosphere of hydrated sodium ions. This reaction results in a dis¬ 
persed soil. 

to with remolding an undisturbed clay, the dispersion of an aggregated 

day permits the particles to arrange themselves In a more orderly fashion 

A dispersed .soil ran. therefore, be compacted to a greater density with a 

Klven effort; it has a lower penrcnblllty because of *,re adsorbed water 

and better Particle orientation, it will dry to a much higher density and 
strength, etc. 

teveral dispersants have been evaluated as frost modifiers as the 

<l*ta which are presentes, In the following pages show. n,ls very promising 

Hoil additive will be further evaluated In ensuing studies. 

C12 
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The degree of nggregation of „ «il can be increased by the addition of a 

cheoical which increases the intrrparticle linkages. One way. in effect, of in¬ 

creasing the linkages is by an ion exchange reaction which ruts on a higher val¬ 

ent cation. The exchange of a soil cation for one of higher valence tends to 

collapse the diffuse double layer, and thereby effectively increase the inter- 

hsrticle linkages. A much more efetive way of increasing interparticle linkages 

ò by the use of one of the various new synthetic polyelcctrolytes. tor example 

partially hydrolyzed polyacrylonitrile (sodium polyacrylate) has been found to be 

a very effective soil aggregator. The anionic ends of the long-chain rulc^cs 

bond to the soil oart'rles through the exchangeable cations and thereby link the 
particles. 

Aggregation does the opposite of dispersion, namely, results in a soil of 

lower particle order, less adsorbed water, higher permeability, higher void 

ratio, etc. One would expect a coarse-grained soil with some fines to be made 

less frost-susceptible by aggregating the fine particles; that Is. effectively 

removing the fine-grained particles. On the other hand, a very fat clay should 

be more frost-susceptible ipon aggregation, since its permeability would be in¬ 

creased so that it tpuld obtain the water it needed for heaving. The first ex¬ 

pectation is borne out by the data which follow, and the second expectation is 

proved true by the data in Part II. which showed that iron montmorilIonite is a 

wrre frost-producing fine than is sodium montmorillonite. 

3-03. JVatcrpronf. Certain chemicals can alter the adsorptive capacity of 

a soil for water by increasing the contact angle of water with the surface of 

the soil, use can be made of this principle to lfiake soils less sensitive to wa¬ 
ter by: 

a. Treating the soil with a substance consisting of molecules one end 

of which is first Preferentially adsorbed on the soil surface and then undergoes 

an Irreversible reaction with the surface; the other end of the molecule is hy- 

drophobic and thus makes the soil non-wettable with water. 

b. Treating the soil with non-hydratable cations which are attracted 

to the negatively charged «11 particles. This linkage is ionic in character 

and usually reversible. 

Chemicals which react 

tried an the valer «lubie 
with roils by the first mechanism 

silicones and t! • chlorosllanes; 

that have been 

another, a water 

Cl 3 
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tT POlíTOla' r"‘"' mU,n’ u. «cM 

tetraaine "h ^ VOlBn' Hyamines 1622 and 2369- diethyl one 
i e. hexanethylene dianine, di-N-butyl^ine ..d ronoethanol rcsin ^ 

is planned to study a number of other such waterproofers. 

Other additives »hich en^loy the second nechanisn, are salts of lead and 

nercury. The lead and mercuric ions are highly polarizable and can. therefore 

rr: ;he COntaCt bet- ^ -d wate, U is proposed that soils 
treated with dilute aqueous solutions of lead acetate and mercuric chloride 

and then subjected to frost tests. 

3-0». nn, the cl,™lc,ls ,slch 

.» .M. .„»eh ..tw,eor lht »„ ,lso the KmMuty a2U2 

na cria s which can alter the permeability of a soil without employing either of 

the other mechanics. At first glance, materials which function by this third 

r*"'" *l0"e ^ lw“r “ «•-*«. ■» »Oo» .»ich o„„a,c - ,, 

■" »» -h» -rtta .: consideration, pnrtlcnl.r,. 
..«ce iS „t in.» Just ho. little » .aeration „ „n...hm„ .a, „.„ce., 
sary. 

It has been found that a soil can be made completely impermeable by the in- 

t;;,:' “0 ' - ■ »-"o— 
..«111«, poljoer. such us , row,„er of del», ,„,l.te „-„^,0,. 

Z7 » “* « -«..»...hcddd, „d 

"'"'t ^ •*"' »>" si »teen tl.os the 
' .° 1 ' 11 is Pleoned to inrestiuto the effectiveness of , 

«er njection »d the effectiveness of the .edition of , pondered s.ellln. pol,. 

fer as frost-action modifiers. 

In vie. of the very low frost susceptibility of a soil with even very small 

amounts of sodium montmorillonlte (see Part II). tests are planned to evaluate 

the effectiveness of sodium montmorlllonite as a frost modifier. 

Materials which combine the last two mechanisms, that is. waterproof and 

alter permeability, appear to have promise and will be studied- The use of pro- 

treatments or special additives to a bitumen treatment in order that the affinity 

0f Ht,:e f0r the bltUaen WiU be *ncrtfa.sed is one er amp le. There are by- 

Prc UttS °f CerUin chemical industries which .,ave already incorporated in 

em f1“15 WMCh InCreaSC the afnnlti of the »’aterial for the soil parti¬ 
cle. These by-products will be tested during ih.. ~ . t.L» U iiuiing the coming your. 

CH 



3-05. juratory Trsts The Contractor incorporated the various admix¬ 

tures with each of three soils - a sandy clay from fbrt nelvoir. Vireinia. a 

silt from Manchester. New Hampshire, and a blue clay from Cambridge. Massachu¬ 

setts. - shown on Plate Cl*. The treated soils were then subjected to frost 

tests by the Arctic Construction and Frost Effects Laboratory, employ inn the 

minature compaction si/e sample. 

he effects of an acgroRant and a dispersant (see Table C5 for the chem¬ 

ical names of the admixtures studied) on the compaction characteristics of the 

silt and sandy clay »ere determined; the frost specimens of these treated .soils 

»eie the large standard ones (6-inch diameter. 6 inches high), »hile it ir 

realized that moisture-density tests on the soils treated with the other ad¬ 

mixtures should have been mad? in order to determine the optimum molding water 

content for preparing the frost samples, it is felt that any really promising 

additive could be detected by the easier procedure used. 

3'0e ^a^sis of Test Results. The laboratory program on chemically 

treated soils is in ton early a stage to per it more than general trends to 

be noted. As yet little consideration has been given to chemical cost or in¬ 

corporation with soil. Based on the mechanism of aggregation and dispersion, 

a dispersant sboul 1 raise the maximum dry density and lower the optimum water 

content of a compacted specimen, while an aggregant should do the opposite, 

namely, decrease the dry density and increase the optimum water content. Num¬ 

erous tests run in the M.I.T. Soil Stabilization LaN.ratory have oorne out 

the theorized trend. The moisture-density curves (Plate C5) for the Ibrt 

Bel voir sandy clay show that the effects of the aggregant and the dispersant 

on the compaction characteristics of the clay* were as expected. The results 

of the compaction tests on the treated silt were not. however, expected, it 

is hoped that the compaction tests or, the silt can be checked in order that 

the unusual results can be explained. 

The data in Table D3. Appendix D. slow that both the aggregant. sodium 

polyacrylate, and the dispersant, sodium tetraphosphate. had a beneficial ef¬ 

fect on the frost susceptibility of both the silt and the clay. The aggre- 

gant was not as effective in reducing the frost heave of the silt as would 

•ttie latter t* soils are described in detail in Reference No. 1 of bibliography. 
The sandy clay is composed of 25% kaolinite, 40% quartz, and hydrous oxides of 
iron and aluminum; the limits and other characteristics are shown on Plates Cl 
and CS. 
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' 7"emaM- ^ -- «• r,„ or 

.; 1' “ - ^ m'‘V- - “ —* '/• *« ..lue .he, 
,,n7 71 16,1 th* tue Mues o, ,Uu 

0, •„ 7' f">»t neuve reducer 
7" ‘“a' ll» als»"'“' *•. »re nenedclal oe me eilt tu» ... 

ini^rized prior to testing. 

« hed been tb™„2ed. „„ effect!,, „„ smily 
7 •»' ettremely effeetl,,. Hie „die. TOl,«r,l,t, 

reduced the rate of f.tist he.ve fm „ „,rute of ,., „ wroil. 

*• el, 1.0 at/day. „ loeU.iflem, reduction. 0. the other hand the die- 

77' "" ”f ‘«.e »f th. d« ftc. .hoot 1., „ 0.1 

» ay. or VI, or Its oritlnal value, »ccordlnt to the Cbnta of Engine,,, 

-1. Hai-erern, reduced the for. »Z 
^ Cla-V fr01 one of l0» ‘0 negligible frost susceptibility. 

^ effectiveness ., the »,1 aggrcg.nt ., , fm, Mlt„r „ 

« .he test, „ date Is dUi»be,„„ns. „ „ p„„bM 

rear to try other so,, ,ggrc„n,s. since it is st.,1 th„ so,, aggro,a- 

““ "”7 " “ «' -1. ries. suscep,ibillty of . 

' ^ art- irost pneouraging. 
in vie. of the relatively lo. cost of the dispensai,ts (siv to ten cents a 

Poondi aod the relative ease of incorporating dispersants with soils dispe, 

sants appear to have considerable promise for reducing the frost suscepti- 

bility of fine-grained soils. 

*>e average rate of he;.- exhibited by the „inature size samples are sum¬ 

marize in Table C6 of this appendix. Colleté test data on all specimens are 

en cd in Table D4 of Appendix D. As an approximate means of evaluation a 

a e o heave cPua, to 1/4 of that of the untreated soil (the maximum h.anX 

; ;;r ;MtV: ,!SW) haS starred. Based on thi, 

;:ujt; are ei8ht prcn,ir>ing addiuve-s for ^ sn, eiKi 
at Bel voir sai-i“ clay, and t«, for Boston blue Cay. it is felt that 

ata are too incomplete to attempt to draw any more definite trends at thi. 
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PAKT IV - CONCLUSIONS 

4'01- .-Effort, of Onmposition of Son r)npS 

( 

a. The rate of frost heave of the McNamara sand varies over a wide 

ra^e. depending on the nature of the ^norineral fine added. 

b. At lo. concentrations of fines, the day dnerals are higher 

ros - eave-pro^oers than the non-clay dnerals; at'higher concentrations, the 

h r h E effCCtS °f th° Clay níneralS over a very wide range hrach- 
jng the results produced by the non-clay minerals. There are exceptions to 

this general statement. 

c If montmorilIonite is the soil fine, the rate of 

considerably over a hundred-fold depending 

ion. 

heave can range 

on the nature of the exchangeable 

d. Sodium as an exchangeable 

ric iron gives the highest heave. 
ion gives the lowest heave, while fcr- 

c- Iron montmorillnnice. nontronite. attapulgite and possibly 

Unite are minerals of high frost heave pacing ability. 
kao- 

f- The increase of fine concentration above a certain minimum can 

result in a decrease of frost heave rate for the „re plastic clays such as 

nontmorilIonite (exceptions are iron and lead montmorillonite). illite and 
ncctori te. 

4*02. Fffeet oí Admixtures. 

a. Dispersants show considerable promise as additives to reduce 

the frost susceptibility of soils. 

b. Other types of chemicals, especially certain of the water- 

Proofers, show enough promise to warrant further evaluation. 

c. The results to date are encouraging enough to warrant contir.- 

bation of the extensive search for chemicals to reduce the fre 

bility of soils. 
rost suscepti- 

CIT 



PART V - RECOMMENDATION'S 

„„ 5'“‘' of ^111 n» »«t iœportont trend1 

. rr, "',u ” “• "cs*“r* ■“ *• •«,« » .dd„t Z fl”; * -M d, done particularly ,„r 

2::::7,hic" *" “•*,r<m »■— «ti. »htch 
ten producinr «»eral, ahauld b, subiected w trceribg test, 

detennine „ter, ^ „>|a „ prMUte(, 

McNam,ira sand- Neural soils which arc found to be hi chi y frost-sus- 

J í,h0Uld be t0 ^tP™ine thcir mineraI composition to see if 
e.r unusual frost behavior can be explained by the data obtained during 

this test program. 

0 that al types of materials which are thought to be potential frost modi- 

fters *1,1 be evaluated by laboratory tests. Those admixtures which have 

shown or do show promise should be studied in aire detail to determine their 

Ptimum concentration a,,d any relation between effectiveness and soil type. 

Study should be given to techniques of incorporating dispersants and 

ny °ther addiU- ««Cb s»»« promise, into base and subgrade soils. 

It is 

•sible of 0 

heaving on 

recommended that a small scale field test 

thcr admixtures be made. Measurements of 

treated and untreated sections should be 

of a dispersant and pos- 

hcave and strength after 

taken. 
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TABLE Cl 

NON-CLAV MINER ¿I.K 

Vinera! 

Specific Gravity 

Quartz (a silicate) 

2. C5 

Labradorite (a feldspar) 

Muscovite (a rica) 

Calcite (a carbonate) 

Vagnesite (a carbonate) 

2.71 

2.76 - 3.10 

2. 72 

3.0 -3.2 

Dolomite (a carbonate) 

Limonite (an oxide) 

2.85 

3.6 - 4.0 

* Hurl but. c.S. . Dana's Manna 
-’Jal nf ''ineralogy. John Hi ley al,d 

Sons. New Vor!:, I949. 
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TA3LE C2 

CLAY MINERAI.S 

Minorai 

Kaolins 

Kaolinite 

Dickite H-1G 

Halloysite H-12 

_Montmorlllnnoi;)s 

Montmorillonite (1-25^ 

Beidellite 

Nontronite H-33a 

Hectorite H-34 

Pyrophi-llite H-49 

Ulite H- 

Miscellaneous 

Chlorite 

Attapulgite 

Locality 

Murfreesboro. Arkansas 

St. Georce, Utah 

Bedford, Indiana 

CPton. Hyoning 

Garfield. Hashington 

Hector. California 

Robbins. No. Carolina 

Morris. Illinois 

Attapulgus. Georgia 

Specific GraMtv 

Theoretical1 Mcasuied Source 

2-609 2. GO-2.05 Dana* 
2. 589 

2.95 

2.25 

2. 844 
• 70 M. I. T. 

2. 77 

2- 29-2. 36 Brindley^ 

General Note: The minerals with the n ~~-- 
• h the H-series numbers are used by the 

encan Petroleum Institute in their Research Pmject 

are TT ' New 1951. The numbers 
are those given by the A p. I. 

L ::Lp::rP:rT ’• 
~ Petroleum Institute Research Project 49. 
Sn-n loc r\j 

. -—oca.ui rroject 49. 
¿' ba.ples prepared with the fnlin^in^ 

Pb++. Fe+++ + in6 excbangeable cations: Cn+\ Mg++. 

3- o) clay Minpr;|K pd c 

" vi1'!!''5" -d Sons, New 

r; —— 

Tab! c» C2 
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TABLE C3 • 

pnoPERTirs OF clay minerals 

Pinera1. 

Ion Exchange Hater intent Liquid Plastic Plasticity Sn-ink- 

Capacity in at 50¾ Relative Limit Limit Index 

100_ Humidity. % rK % 

Wontnorillonite 

Na+ 

Ca++ 

Mg+'t 

127 

Fe 

nee Limit 

11.4 

8.5 

18.5 

17.7 

706 

660 

508 

408 

213 

54 

98 

81 

60 

63 

652 

562 

427 

34. 

150 

10 

9 

11 

15 

13 

Illite 

Na+ 

K* 

Ca+ 

29 

Mg 

Ft+ 

++ 

4.5 

4.0 

5.9 

5.9 

116 

122 

105 

95 

104 

53 

60 

45 

46 

46 

63 

62 

65 

49 

58 

15 

17 

17 

15 

17 

Kaolinite 

Na+ 

Ca 

Mg+ 

Fe+ 

Attapulgite •• 

0.6 

1.0 

1.0 

53 

49 

38 

54 

52 

32 

29 

27 

31 

35 

274 148 

21 

20 

11 

23 

17 

126 

27 

25 

29 

29 

8 

Data V 8011 fr’^if-cat.on ^v:,rrh_ Vol. II, Cornell Uni¬ 
versity, 1951. 

Limits for H+ ahilé natural attapulEite is essentially Mg^ 
attojiulgite. 



TAIlIiE C4 

AVTRAGE MZYS OP HEAVE POR 

CLa'y MINERALS WITH MCNAMARA SAND 

Mineral 

Quart z<20¿¿>2/i 

Labrador! te<20ii>2M 
Muscovi to<20t¡>2^ 

<2/f 
Calcite 

<0. 1 irni>20a 
<20/i>2w 

Magnesite 
Dolomite 
Limonit e 

Kaolinite 
Dickite 
Halloysite 

Montmori1 Ionite 
Na+ 
K+ 
Ca++ 
MgL+ 

Beidellite 
Kontrcnite 
Hectorite 
Pyrophy11it e 

II11te 

Chlori te<20¿¿ dispersed with 

Attapulgite 

Rate of Heave 
Pines 

0. 33* 
0. 24 
0. 40 
0. 44 
0. 30 
0. 14 
0. 2° 

0. 30 

0.31 
0. 12 

0. 43 
0. 35 
0. 47 

0. 06 
0. 28 
0. 07 
0. 18 
0. 45 
0. 18 

0. 14 
0. 83 

0. 27 
0. 64 

0. 6b 

Quadrafos o. 63 

0 31 

* Interpolated 

ili rm day 

12¾ Pines 

0. 35 

0.72 
0. 66 
0. 54 

0.95 

0. 59 

0. 14 
0. 07 

0. 13 

1.42 

0. 70 

Table C4 



TABLE C5 

CHEMICALS TRIED AS FROST MODIFIERS 

Cl ass o f 
Trade Naaie Chericul 

I Modi fiers of 
Sail Structure 

A. Dispersants Quiuirafos Polyphosphrte 

B. Aseregants Agrilon Polyacrylate 
Carbo*ax 200 

Carbowax 6000 
Pyridine 

CPJ> 197 Sodiu-r Salt of 

a Polymer 

II »aterproofers SC-50 Silicone 

Hyaline 1622 Quaternary 
Ammonium salt 

Hyarine 23B9 Quaternary 
Ammonium salt 

Triton K-60 

Prirene 61-R 

Volan 

Quaternary 

Ammonium salt 

I 
Amine 

Chrome corplex 

Quilon Chrome complex 
Diethanol resin 
kionoethanol resin 

Triethylene Tétra¬ 
mine 
Hexamethy 1 ene 

diamine 
Di-n-butyl amine 

CI.emical Name 

Sodium Tetraphosnhate 

Sodium Polyacrylate 
Polyethylens Glycol 200 
Polyethylene Glycol 6000 
Styrene-N-Methyl - 2- 

Vinylpyridine 

Sodium Methyl Siliconate 

Di-isobutyl pbenoxy 
ethoxy dimethyl benzyl 
ammonium chloride, 
nonohydrate 

Alkyl tolyl cethyl tri- 
nethyl ammonium 
chloride (alkyl ranges 
from CgHjg to Cj5H31) 

(50¾ in l!¿0) 

Stearyl Dimethyl Benzyl 

Ammonium Chloride 

Tertiary alkyl amine 

Kethacrylato chromic 
chloride 

Stearato chromic chloride 

Table C5 
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(BASED ON DRY WEIGHT OF SAMO) 

EFFECT OF NON-CLAY MINERALS 

AND MISCELLANEOUS CLAY MINERALS WITH McNAMARA SAND 

PLATE C4 
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PREFACE TO APPENDIX D 

The following appendix Presenta the special test procedures employed bv 

he Arctic Constroction and Frost Effects Laboratonr in the «ineral and chem¬ 

ical studies described by Dr. T. William Lambe of Massachusetts Institute of 

ethnology, in Appendix C. together with the detailed test data. 
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APPFNDIX D: A CF KL 1 Fst PP.OCEDUÜKS AND IN VK.STI G ATIONAL 

DATA POK MINERAL AND CHEMICAL STUDIES 

1-01. Frrc/lntT Trays, Tw SO-stir.ple freezing tra^s were constructed es¬ 

pecially for this test program to facilitate the freezing of the large number of 

test specimens. The tray, illustrated on Plate Dl, consists of a 15-gauge galvan 

ized metal pan. 17 in. square and 3/4 in. deep (inside dimensions); a 3/C in. 

thick lucite base plate 17 in. square with 36 eouidistantly spaced holes. 1-3/4 

in. in diameter, drilled and tapped to receive the molds; 36 cylindrical lucite 

sample molds with an inside diameter of 1-1/4 in. and 3.358 in. long, threaded 

at each end for a distance of 7/16 in. and two filter mats. Along the inside 

perimeter and the centerline of the pan there is a 1/4 in. by 1/2 in. continuous 

rubber gasket and a series of machine bolts for attaching the base plate to the 

pan. TMro 1/4 In. brass nipples. 3 in. long, are soldered to the bottom of the 

pan at the centers of the two sections formed by the centerline gasket. 

When the trais are assembled, the filter mats are placed on the bottom of 

the pan. These mats are built up from 64 by 64 weave muslin (against lucite 

base plate), 18 by 14 in. bronze screen cloth and 1/7 in. 18-gauge galvanized 

expanded metal. 

1'02. Preparation of Mineralogical Specimens. The mineral fines were in¬ 

itially prepared for blending with the McNamara Sand (between the grain sizes 

of 2.0 nm and 0.074 mm) by oven drying at 105°C.. and then thoroughly pulver¬ 

izing the fines in a porcelain mortar with a porcelain pestle. Porcelain lab¬ 

oratory equipment was used to prevent ion exchange in the fines. The halloy- 

site fines were oven dried at 32°C. to avert property changes which occur at 

higher temperatures. The desired percentage of fines, based on the dry weight 

of the sand phase, was then dispersed in freshly boiled (but cooled) distilled 

water with a pH of 7.0 and the solution tlioroughly blended into the McNamara 

Sand to give a test sample with a combined dry weight (combined fines and sand) 

of 116 grams and a degree of saturation of 95¾. After r,elding (Pur. 1-04), the 

blended sample was stabilized in airtight glass containers for a minimum period 

of 24 liours preparatory to molding. 

1-03. Prrparatu nf r cmicnl]y-Treat ed Specimens. The chemically treated 

New Hampshire silt, lOrt Belvoir sandy clay, and fioston blue clay materials were 

Dl 
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prepared for freezing tests by oven drying at 105°C., and then pulverizing 

the soils xith a rubber-tipped pestle. Each cheoiically-treated ir.aierial was 

then stabilized at a water content equivalent to the optimum moisture content 

determined for the untreated soils by the modified AASfiO test procedure for at 

least 24 hours. 

1-04. Mol dina of Specimens. In placing the soils in the freezing trays, 

the inside walls of the Incite molds were lubricated-with a thin coating of 

silicone, and a 1/4 in. thick, grade 40, carbon disc and filter paper were in¬ 

serted at the base of each mold. An extension collar was then screwed to the 

top of the mold. 

The samples were molded by placing several spoonfuls (plastic spoon) of 

the prepared materials Into the mold and then leveled with a wooden plunger. 

Next. 60 tamps were applied to the material with the 40-lb. prestressed spring 

taapbr of the Harvard Miniature Compaction Apparatus* shown on Plate D2. The 

tip of the tamper was coated with glyptol to prevent ion exchange in the fines. 

Each of the first four tamps was applied in separate quadrants and adjacent to 

the mold edge; the fifth tamp was made in the center of the mold, thereby mak- 

ng a complete coverage. The tamps were applied at a rate of ten tamps per 15 

seconds, and each cycle vas repeated U attain CO tamps per layer. 

The rineralogical samples were compacted in six layers, whereas the chem¬ 

ically-treated samples were compacted in three layers. The extension collar 

was ihen removed arid the excess raterial carefully trimmed from the top of the 

mold. Since the volume of the mold is l/454t^ of a cubic foot, the net weight 

of the cc-pacted sample in grams is equal to the unit weight in pounds per cubic 

foot- 

The told was then screwed into the lucite base plate of the freezing troy 

in the test cabinet, where a constant supply of distilled water was maintained 

1/8 in. above the carbon discs at the base of the molds by means of a water con¬ 

nection to the brass nipples. Care was exercised to prevent entrapping air In 

this process, and the specimens were capped to prevent loss of moisture by evap¬ 

oration. 

•Ullson, S. D., Email Soil Co-paction Apparatus Duplicates field kcsnlts Closely. 
Biclneering News Record, Nov. 1950. 
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1-05. Thercocouples in Fpeclwens. Theroocouples »ere puccd durin? cwld- 

ing at 1-in. intervals along the central longitudinal axis (incl'jding top and 

bottoo faces) of two sanples per tnyr. Thcreocouplcs were also placed at the 

bottos of four saaples and at the top of six additional saaples. This pro¬ 

vided a aeans of checking the teinperatures within the specirons and observing 

the initiation and cortiletion of the freezing period. 

l-°6. Saturation of Spcclcens. After all specisens were nolded and 

placed in the traj, the constant »ater level supply »as adjusted to the tops 

of the specimens and the caps were rcoovcd. The sturples were allowed to ab¬ 

sorb water for a Binisun period of 48 hours, or until such Use that additional 

water was not taken on by staples. Each saaple was then weighed and measured 

to obtain dry unit weights and degrees of saturation before freezing. Prior to 

reinserting the molds into the lucite base plate, the threads of each cylinder 

and base plate were coated with silicone to prevent freezing together of these 

units. The water level supply was adjusted l/ü in. above the carbon discs and 

granulated cork was plrxed around each sample for the full sacple height. 

1-07. Frecrini; of r^eclcens. Freezing tests were Initiated after a 24-hour 

tempering period at 35°F.. by first bringing the tops of the samples to a tempera-1 

ture of 2S°F. The tops of the samples were then seeded with ice crystals at 

a temperature of 28°F.. and thin metal plates painted with glyptol were placed 

on top of each sa-ple. Thereafter, a 1/4 in. per day rate of freezing was 

maintained until the bottom thermocouples registered 32°F. The cabinet tem¬ 

perature aas then lowered until all the bottoo thermocouples indicated a tem¬ 

perature of 2-30F. The latter temperature change made positive the complete 

freezing of the saople;: to facilitate ejection of the sanples from the molds. 

Heave measurements were made daily for each specimen and were read to 

the nearest hundredth of an inch. Keasureaents were obtained with a depth 

gauge from an extension collar that fitted on top cf the speclccn molds. 

Flots showing the heave, degree-hours, and the penetration of the 32Í3 

P. temperature vs tice for all samples are shown on Plates D3 through D15. 

The rate of heaving, in nlllliceters per day, wan determined froa these plots 

(see definition of P.ate of Heave on page 4 Volume 1). 
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w# . 16.5 

SA1ÍF1Í mîlB 
04-257 

K0 . 5.11 
■ 5«A 

H . 0 

^ 

SAM PI 8 Mîmes 
cu-258 

R ■ 3.03 
H, - 3.29 
/ - 0 
f“ - 12.1 

0 - 

DfL-th i'r&th, 

0.0-1.5 

1.5-3.21 
18.1 
D.L 

0.0-).5 
1.W.06 

10^ 0.0-1.5 
1.5-5.25 

21.9 
11.9 

/ 



colt koch STtmas ok FKcsr kctioh tv so'i* 
FISCAL YKAKS 195? ird 195J 

lUTH COHTÍKT ntSTKIHUTlOH 
after manió 

iaïtcj nriaia 

cia-73 

, » 3.10 
r ■ 3.57 

Si ■ 0 
X, I 19.5 

r»vth 

0-0.5 
5-1.0 
0-1.5 
5-?.0 
o-?.5 
5-5.0 

3.0-5.57 

».c.-i 

33.9 
a.i 
15.? 
».a 
lii.3 
15.5 
16.8 

01 Jill I Hu USX 

CB-71* 

3.08 
3.32 
o 
16.1 

P-pth 

0.0-0.5 
O. 5-1.0 
1.0-1.5 
1.5-?.0 
?.o-?.5 
P. 5-3.0 
3.0-3.3? 

?'..5 
Uu3 
16.? 
11.3 
15.1 
12.5 
13.2 

SAKl'LE HUMBER 
01-6.1 

« • 3.09 
«r • 3.23 
F • 0 
*“ ■ 16.5 

SAMPU. NUK3FX 
ai-6e 

% • J.io 
«f • 3.1*3 
«o* 0 

*o 1 17-6 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.0 
3.0-5.23 

21.3 
21.6 
22.6 
16.1 
15.k 
10.8 
13.3 

0.0-0.7 
0.7-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.0 
3.0-3.k3 

19.6 
22.8 
15.7 
13.9 
13.2 
16.7 

SAMPLE KUIJES 

OA^7 

«C ï 3.10 
«f • 3.19 
Ni ■ o 
P0 i 17.k 

SAMPLE KUMBER 

CM-68 

«8 « 3.10 
«r ï 3.16 
Hu * 0 

• kkj* 

C*pth UfAll 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.0 
3.0-3.19 

2Ç.3 
23.3 
19.6 
16.7 
lk-3 
12.8 
13.2 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.16 

a.o 
9.6 

13.2 
Ts.o 
10.9 
lk.1 2 

3 

SAKPEE 
CM-63 

Si 
:-: 

3.08 
3.12 
0 
17.5 

iuptii 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.12 

*.c.-* 

26. L 
?ll.8 
17.7 
15.0 
16.J 
13.2 

SAR21.E M'fâFS 

% 

3.06 
3.55 
0 
19.2 

Ih.c.-*: 
0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 

2.5- 3.0 
3.0-3.55 

26.8 
23.7 
29.7 
25.7 
13.5 
10.5 
13.0 

SAMPLE MOVE ER 
01-69 

* 3.10 
■ 3.30 
« 0 
t 16.9 

2k.li 
25.3 
IS.8 
13.0 
13.3 
13.1* 
Ik.2 

SAMfUl KlTCiLR 

cit-70 

"o * 3.¾ 
'V * 3.13 
a,, o 
»o t 17.5 

0»pth 

0.O-O.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 

2.5- 3.13 

H.C.-Ï 

26.2 
2k.0 
17.k 
Ik.k 
15.5 
15.5 

SAMPLE RUKSER 
01-75 

«» - 3.10 
nf m 3.60 

0 
« - 23.1* 

OcptR_ 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.0 
5.0-5.6 

J.C.-Í6 

35.2 
26.2 
27.5 
20.9 
22 Ji 
16.k 
13.0 

saxpl* nnout 

CÄ-76 

H0 » 3.08 
K- b k.20 
»U « 0 
tï„ » 31.0 

IWh 

O.O-n.v 

0.7-1.2 
1.2-2.0 
2.0-2.5 

5-3.0 
5.0-3.5 
3.5-k.o 

O-k.2 

S5.k 
68.9 
37.5 
kl .k 
33.5 
.11.9 
18.J 
11.7 

SAMPLE HVIGEP 

Qt-65 

"c ï 

«vi ■ 

3*06 
5.15 
0 
16.2 

rv»rth 

0.0-0.5 
o.Si.o 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.0 
3.0-3.15 

H.r.-i 
19.0 
22.9 
Ik. 5 
lk.5 
13.0 
15.1 
15.3 

SAMPLE KTiev? 

01^6 

«0 « 
Rf . 

«U ■ 

3.03 
3.23 
0 
15.6 

OaiTth *.c.-< 
0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.0 
3.0-3.23 

M.3 
15J* 
15.0 
lk.2 
lk.6 
16.0 
13.2 

SAMPU NVMKER 
CM-71 

«O : 3.05 
«f • 3.32 
% « 0 
B0 * 17.8 

SAMPLE 101120) 

<*•72 

«o s 3.06 
«r= 3.53 
IT > 0 
\ • 18.3 

rvpth ÏT.C.-K Oapth T,C.-*S 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.0 
3.0-3.32 

19.1 
a.o 
21.2 
lk.5 
17.9 
16J* 
18.5 

0.0-0.5 
0.5-1.2 
1.2-2.0 
2.0-2.5 
2.5-3.0 
3.0-3.55 

2f*.l 
a*.6 
a.o 
17.2 
15.1 
13.7 

SAMPLE 08.1!» 

01-77 

■ 3.08 
Ilf • 3.15 
H . 0 
W¡¡ r 13.1 

e:s_, 

0.0-0.5 

0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 1.15 

IV.-1 

salpli rrests 

01-78 

«o • 3.08 
IV * 3.13 
5* = 0 
*C : 15.2 

-L-ut!' 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5-2.0 
2.0-2.5 
2.:-5.15 

IML.iL 

15.2 
lk.2 
15.7 
Ik. 8 
16.6 
19.0 

Ho B Or'.fiml liaiU 
Mf ■ Kln.l L» 1 kV.« 
P-U B ThioPr..,, of IJrfrottn I'ortloa In ínrA». 
"o : O'le'"»! •¡•‘-•r CoaA.it la Par 

TAULE Dll 



cae toca i liras* w» ríont wri* h eais 
niiu, vau 1%« «•* WJ 
«Lit* CCPrat DltTMRTl« 

UTIS 1TMS0 

rjx\t Krata 
Ci-Jl} 

r ■ 5.05 
• 5*27 

^*0 
ir . liiOi a 

sinn* sp»a 
W-JlJi 

ÎL a 3.09 
ti a ).25 
“a»0. W¡ « Ui.2 

ums mna 
Qi-515 

K. s 3.12 
2 a 3.17 
a . o 

15¿ 

P.UUU E0JCS2X 
cn-316 

\ * 5.12 
Ef • 3^3 
Ba a 0 

a 15.7 

Cü-Pli Í.ÜW31 

CaOn 

E. * 3.IS 
Ef • 3.I8 
E, a 0 
% a 16.8 

iVffii mr. a 

01-318 

n. a 3.12 
Ef a 3¿> 
£ a 0 
u, a 15.8 

fcv -à Da «4)1 2rf.-í D»pU 1.C.-1 TFT* 3.0.^ rwoth W.C.-Ï :>«f» 7.0.-í 

0.0-1.5 
l.b-5¿7 

17.9 o.o-i.5 
1.5-)^5 13.3 

OJí-1.5, 
1.5-3 a? 

13.9 
12.9 

r 

0.0-1.5 
1.5-3.25 

17.5 
15^4 

ora-1.5 
1.5-3.13 

17.3 
15^ 

0.0-1.5 
1.5-3^3 

16^ 
I}.! 

cum ET^Z 
C*-}19 

ï. * 
Ef . 5.H* 
P, • 0 

s ll**3 

sim* Rnesn 
»-320 

% * MJ 
ir* 5.¾ 
«ï c 
«o - LiJi 

suplí wran 
Ot-321 

H, a 3.13 
Ff a 3.17 

FM « 3 

ukpls rasn 
01-322 

\ « 3.11 
1½ a 3^U 
ni a o 
IT a 16.1 

Mûris musí 
«-323 

% r 3.12 
t't u 3.39 
t a 0 
«¿a 15.5 

sun* mssk 
«-32Í1 

E» « 3.12 
r 3.52 

í a 0 
«¡o 15.1 

l T T^i ; i *C r-í» L*»' * n»rtk Cwlh 5.C..S reptil 7.0.-¾ 

0^1-1.5 
1.5-}.¿ 

’. -5 
lli¿ 

OM-l.i 
1.5-5.U 

12.7 
13.7 

o.o-l.5 
1.5-3.17 

19.8 
lL.0 

0.0-1.5 
1.5-3 

19.9 
15.0 

0.0-1.5 
1.5-3» 

20.9 
13.3 

0.0-1.5 
1.5-3.52 

20.7 
16 J4 

«-325 

». • 3-ií 
r.f a ISP 
\ • o 
F, . 1L^ 

sjoffi* mina 
C»-^6 

p, a }.ll 
i >.21 

1 „ a 0 
\ s 1LJ3 

SUH.E r-YEH 

W-327 

P, a 3.10 
£ « 3.23 
2, * 0 
^ r 15 J» 

(Uú;* maní 
C»-323 

Pa » 3.13 
nf ® 5.19 
I, a 0 
l’. a 15J. 

rrrr* 
M-329 

«, a 3.13 
Ef « 5.17 
1 r 0 
*. a 15.7 

UXFUL kOBB 
«-330 

E» 0 5.13 
i;f a 5.IÍ4 

S = 0 
K, = 16¿ 

Ir--.a L “th » -#4 5 T'.H*» 11,0.--4 12.3* r,- ■ 
O.O-P.O 
¿' 
5.2-).7 

áo.e 
2-3 X 
J.7 

OaO-X^ 
1.^-1 

16.} 
13.5 

0.0-1.^ 
1.5-3.25 

15^ 
13.7 

0.0-1.$ 
1.W.19 

1¿M 
l¿.6 

0.0-l.v 
1.W.17 

1Í4.9 
1}.0 

0.CV1.5 
1.5-3.IL 

iit.i 
il.} 

P-* » (rî;i»l raidit la ïaoi.i» 
If f, riaal *ís,.V Ja l/aúiaa 
!:a * '■’¡íW.»!•’-» «f Pfcftraaaa ¡*irt'-u la Icahaa 
u» * Orijlial Sattr CaAie» la r«r Cent 

table diz 
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COLD ROOM STUI>3S CF FRiST ACTTOU TK SOTIÍ 
FISCAL TVjLRS 1952 urd 195J 

KATFS CCWTIFT DISmiWTTOí 
Anu mar»s 

SAJTU NlüfflE* 
CX-22) 

K . j.n 
Hf « 5.51 
R - 0 
»“ • I6J4 

r» 

0.0-1.0 
1.0-2.0 
2.O-3.31 

i.c.-i 

13.9 
15.2 
13Jf 

SAJCÍ-U. »Fl VS FI 
CM^au 

R0 • J.n 
Rf ■ 3.59 
H. r 0 

* - 17-3 

'«plh ]lT.C.-< 

0.0-1.0 
1.0-2.0 

2.O-3.39 

22.2 
16.6 
I5.O 

SAIL'LE S’^FIS 
ell-223 

Ff ■ 5.53 
.0 

If ; 16.2 

IL» Ith i.C.-í 

0.0-1.0 
1.0-2.0 

2.0-3.55 

22.9 
18.5 
Ui.6 

SAKPli tr.TUFFs 
01-206 

H0 t 3.11 
Ff » 3.89 
Hu «0 

*„ . 1Ù.2 

I'tpLh 

O.O-O.7 
0.7-2.2 

2.2-3.69 

SAULE Atíea 
cn-e29 

K# t 3.11 
Hf ■ L.20 
h* • 0 

'0 r 13.7 

f»pth F.C.-V 

0.0-1.0 
1.0-5.3 

3.3-.1.2 

2ii.2 
37.0 
12.li 

SAIf?Li Fi'aFES 

w-233 

«„ «3.11 
Ff r3J*8 
H,, .0 

*c rUi^ 

r»pth 

0.0-1.5 

i.5-3.!¿ 
21.1 
lli.l 

20.0 
26.3 
I9.7 

S»JfflE FUMBEJi 
CK-250 

H» « 3.11 
Ff I ¡1.27 
Ho SO 
K « Ü1.6 

Oscth 

O.O-l.li 

I.I1-3.I 
3« I-Í1.29 

»I.C ,-¾ 

18.9 
52.5 
13.5 

SAMPLE KtrvBDi 
01-231 

ro * 5.11 
H-f ■ 3.35 
Hu -0 

* 13*9 

Detth L.C.-Í 

0.0-1.0 
1.0-2.0 

2.0-3.35 

20.5 
9.7 

16*9 

SAMPLE KUMSIÎ 
CM-232 

"o ï 
Kf » 

- 

5.11 
3.29 
0 

13.9 

IN;-/. h 

O.O-I.5 
1.5-3.29 

c.c.-< 

17.7 
15.9 

SAMP) I WüEO 

CM-2 36 

"e 
Hf 
Hy 

3.11 
3.36 
0 

D«pth 

0.0-1.S 
:.5-2.6 
2.6-5.36 

S.C.--Í 

17.9 
la.o 
IP .5 

SAMPLE KUM5ER 

01-257 

He - 3.11 
Hf ï 3.I7 

hm : 0 
» ï I3.0 

O.0-I.5 
1-3-3.17 

’.C.-5 

Ei .6 

13.2 

SAMPLE FUMBU» 

CM-238 

Bo ' 3.11 
E 3.27 

\ E 0 
«„ it 16.0 

i i’.'l h 

O.O-I.5 
1 5-3.27 

15.9 
16.6 

H0 E Or’rlml H*1 f7t In Irch*i 
Hp « PI r *1 ''«Ight la I rj he i 

r Phleknet» of "nfrotrr lortica 1c Inch»* 
~ Orlflr«! Water Ccrtert La 1er Ceat 

TABLE 014 

simple morara 
Ot-227 

"0 r 3.11 
Rf • 5.53 
H„ e 0 

»0 • 15-5 

l>p-N 

0.0-1.0 
1.0-2.0 

2.0-3.53 

r.c.-< 

23.6 
17.2 
I5.8 

SAMHE Pt'V3F> 

CA-C29 

H« • 3.11 
Rf • 3.73 
Hy ■ 0 
». ï IS-? 

l»pth ■Î.C.-< 

0.0-1.0 
1.0-2.0 

2.0-3.73 

25.5 
20.1 
IO.? 

SAMPLE mura 

«-233 

"o : 3.11 
•V • 3.29 
r; • 0 
». * 15.3 

Depth 

O.O-I.5 
1.5-3.29 

E.C.-Í 

13.6 
15.6 

SAM PIE WEBER 
01-235 

»0 * 3.11 
'If ï 3-36 
Vo 
”0 1 * 15.2 

Popth 

O.O-I.5 
I.5-3.3Ó1 

13.9 
15.0 

SAMPLE E0XSER 
Ctf-259 

e 3.11 
« 3.23 
■ 0 
s 16.5 

0.0-1.5 

1.5-3.2; 

R.c.-* 

18.0 
16.0 

SAMP1E EUM3PJÍ 

01-250 

R, .3.11 
Rf r 3.22 
R rO 
< : 15.7 

■t'Dlh ff.C.PC 

O.O-I.5 

1.5-5.22 
15.0 
15.7 

/ 
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COLD KO» STUDIES CF FROST ACTIO« 1« SOILS 
FISCAL YEARS 19½ Î95> 

water eowrm distributioh 
AFTLI FFEaiHG 

sjLEPii Hiiea 
FB-7-A 

•S0 » 6.00 
Kf * 7.C9 
fi • 0 

Wo « 15*° 

S4K6U MUS» 
FB-8-í 

h0 • 6.00 
Pf • 6.35 
H», * 0 
W - 15.0 

0 

rxiru M'usa 
FB-9-* 

“e : 6.00 
» 7.17 

p; . 0.70 
w : 18.5 

0 

ïaïpu pi/iats 
FB-IO-A 

H - 6.06 
■ 7.¾ 

% c O.50 
w0 , 17.6 

SAS FIE KWhKR 
rs-n^A 

H- - 6.00 
Hf r 6.96 
Hy • 0 
H : 21.» 0 

SAW’lt WJUPER 
KB-12-A 

p- « 6.00 
8f : 6^1 
Mr - 1.06 
<- 18 il 0 

Depth w.c.-< ftapth w.r.-*; I>pth Depth Ttpth Depth ne..*; 

1.0-î»3 
?..o-}.5 
JÍ5-U.0 
^•O-ù.7 
U.7*5.5 
>.5-6.5 
6.5-7.0 
7.0-7.09 

13.2 
21.9 
21.1 
27.0 
20.5 
22.9 
I?.? 
96.9 
20.5 

0.0-0.5 
0.5-1.0 
I. 0-2.0 
2.0-3.0 
3.0Í1.0 
II. 0-5.0 
5.0-6.0 
6.0-6.33 

17.1 
17.1 
21.1 
16.6 
15.1 
IÍ1.9 
12.6 
17.9 

0.0-1.0 
1.0-1.5 
1.5- 2.2 
2.2-3.O 
3.0-i.O 
I1.O-5.O 
S.0-6.0 
6.O-6.5 
6.5- 7.17 

25.3 
23.3 
stA 
23.9 
20.9 
25ii 
36.0 
28.2 
I9.U 

0.0-1.0 
1.0-1.7 
1.7-3.0 
3.0-ii.o 
ii.0-5.0 
5.0-6.0 
6.0-6.5 
6.5-6.8 
6.6-7.3U 

lii^ 
20.0 
23.9 
2Í1.0 
25.7 
39^ 
37^ 
27^ 
13.5 

0.0-1.0 
1.0-2.0 
2.0-3 i) 
3.0-li^> 
I1.0-5.0 
5.0-6.0 
6.0-6.96 

20^ 
2I1.7 
26.1 
ÎC.5 
30 i) 
35i2 
36 il 

0.0-0.5 
0.5-1.5 
1.5-2.2 
2Ä-3.0 
3.0-ii.O 
il .0-5.0 
5.0-5.2 
5.2-6 ¿1; 

50.7 
21.1 
20.0 
YIÄ 
IS.» 
15^ 
16^ 
17.5 

SAko: t kvieii 
n-ij-i 

“o ï 6.00 
Kf * 6.13 

s o.ao 
*0 î 1S.5 

SAlffli: KlItEE» 
rs-iii-i 

v, t 6.00 
PT t 760 
6(, * 0 
«e t 16¿ 

SXUFIE KlVHtR 
FB-I5-A 

% * 6.02 
P f » ViiO 
Ni = 0 
«e : 16.5 

sAsrui Kvupts 
FB-16-A 

Hp s 6.00 
Hf : 6.70 
ü, = 0 

"e - 17-V 

SAKF1X m'VBES 
re-17-A. 

«o : 6.00 
H# s 6.38 < * 0, 
*f0 ï 16Ü 

SABPUt (.VUBU1 
rs-ia-A. 

H0 ï 6.06 
Hf I 6.22 
Hu s 0 

*0 » j5.3 

r#pth w.c.-< Da it h H.C.** Deoth t.C.-S facth TT.C..*; Depth i.r.-t Depth 

0.0-1.0 
l.O^.O 
2.0-J.O 
3.0-ii.O 
,..:--.0 
5.0-5. . 

26 m 
19 ii 
17.9 
13.5 
17.0 
16.6 
19.7 

0.0-1.0 
1.0-2.0 
2.0-2.7 
2.7-3.4 
3.6- 3.9 
5.9Í..9 
ii .5^5.0 
5.O-6.P 
6.6- 7.66 

26 ji 
19Í1 
3D.8 
Ui.a 
39.5 
19 i) 
31.0 
36ü 
19.9 

o^>-i.o 
i.o-e^> 
2.0-3.0 
3.0-Í1.5 
il.5-5.0 
5.0-6^) 
6.0-7Í1 

23.1 
21.9 
50.8 
2liii 
31.1 
23.7 
lü.3 

0.0-1.0 
1.0-2.0 
2.O-3.O 
i.o-k.o 
6.O-5.C 
5.0-6.0 
6.0-6.7 

21.1 
20.9 
22.3 
20.1 
25.3 
29ii 
>6.9 

_ 

O.O-l.l 
1.1-2.2 
2.2- 3.2 
3.2- Í1.5 
11.5- >.5 
5.5- 6.3C 

20.7 
21ii 
2I1.3 
111.7 
15.1 
U4.3 

0.0-*J) 
1.0-2.0 
2.0-3.0 
3.O-Í1.O 
I1.O-5.O 
5.0-6 ¿2 

16.1 
lii.5 
15.3 
1U.2 
U1.9 
17.8 

sivr.i; nota 
tH-7?-i 

K0 t 6.00 
Kf « 12.51 
^ : 1^0 

: «.5 

scysit 1,1^215 
1H-60-A 

n0 > 6/» 
rr t 7,96 
Ku r O.-ß 

*e = *3.0 

Dt*PLI KtnOEK 
IH-tl-A 

Hb = 6.00 
h. z 0.69 
< ï lüo 
ï0 t 23-7 

-1 
SAUF1.R 10 USER 

SB-62-A 

ü0 s 6.00 

* 7.93 
tV, , 2.10 
W0 r 18.6 

«UiFI-K ÇJVBER 
»n-fa3-A 

s0 , 6.00 

Hf ■ 7.7O 
H, ■ 0.75 
»ï ï 

sAhriK rnôES 

no“ 
» Hf r 

K : 

’î Ds?t6 ¡3.C.-^ r>rpth 1.0. P'Tith ¡7.C.-S 

V.0-1.0 
1.0-2.0 
2.J-50) 
}.o4,a 
ii .0-5.0 
5.0-6.0 
6.0-7.0 
7.0-7.70 

50 il 
liO.O 
liO.O 
39.1 
39^- 
Ii7.9 
37.8 
20.9 

Dfîith o.r.-í 

0.0-1.0 
1.0-5.0 
5.0-5.5 
3.5-Í..0 
û.O^^i 
C.0-9.0 

- 9.0-l',.0 
10 .0-10.7 
1C.7-12.5 

63.3 
70.5 
63.1 

130.1 
)3..9 
133.7 
55.70 

225.6 
1 2I1.] 

! 

0.0-12) 
1.0-2.0 
2.O-3.O 
3.0-6.Û 
L.0-5.0 
5.0^.0 
6.0-7.0 
7.0-7.2 
7.2-7.56 

ia.i 
36^) 
l;9ii 
55.1 
26.0 
27ii 
liiii 
25.0 

0.0-0.5 
0.5-2.5 
2.5-3.0 
5.0-3.2 
3.2-ii.O 

6.0-5.6 
5.3^.0 
6.0-7.0 
7.O-Ü.69 

33.7 
2il.il 
80.8 

131^ 
7I1.6 
95^ 
37.9 

135.3 
22.8 

O^l-l.O 
i.o-e.o 
2.0-3.0 
5.04..0 
U.0-5.0 
5.0-5.8 
5.0-7.0 
7.0-7.93 

53.6 
27.1 
l/i.O 
68.5 
73 ii 
66.6 
20 il 
19.2 

% « Crl^iml Flight Ld Iiu-hs«. 
» F5r.el Height Ln IcûUm. 

F*a s Thlctrçfi of Un fro tar. Pert i on la Itsl*«. 
"0 : Grt fl uai Rater Cantart Lu p»r Cact. 

1 
TABLE 0 15 

/ 



ecu) eco* snoiM rf tkost acîio» i» «ils 
FISCAL mis 19¾ »M 195J 

KATra ccvrm nsTRiwrio* 
AFTEÄ FEEtaiAG 



/ 

CO u toa t-roDBa o? ncir asti» ii »tu 
mux run 195e »ai 1953 

PATÍ2 cosnat Diír»!srr(» 
ma ms» ao 

EíirtJI r?ÏS5* 
Gt.a7 

ía ■ J-« 
I? • )JÙi 
8, * 0 
», - *9.1 

aUTU RT^IX 
ca-iM 

*c • 3.12 
r-f a 3,6 j 
e; ■ o 
», * 19J» 

sum nïsa 
Qi-109 

", = 3.12 
ff« 3-M 
\ ■ 0 
», * WJ» 

sims ricsu 
a-195 

"a • 3.13 
Ef « li JA 
K, a 0 
», ■ ia^ 

oiani wntnt* 
Qi-191 

Ea P 3.12 
"f • 4.15 
*0 ■ 0 
», • 13.8 

suni KTisra 
ex-19e 

Ea ■ 3.12 
Ef ■L.ai» 
l'y a 0 
», a 18.6 

J.c.-S >TAk ff.e.-* F'arth l'apth 
0.0-1.0 
1.0-2.0 
2.0-2,9 
2.9-5 Al 

iU.5 
53.7 
52.1 
£5.3 

0.0-1.0 
1.0-2.6 
2.9-3 A3 

21.2 
3!i.5 
23.3 

0.0-i.e 
1.0^.5 
2.5-3 

22 A) 
25.8 
19.3 

0.0-1.0 
Î.O^.O 
2.0-3.0 

^^8 

80.1 
60.2 
26.2 

23.0 

0.0-1.0 
1.0-2.0 
2.0-3.3 
3.3-L.Í3 

29.1 
39A 
5A.7 
12.6 

0.0-1.0 
1. 0-2.0 
2.0^A 
3.U A 

30.T 

22.9 

fi. ni coiaat 
«-199 

»• s 3.« 
5f »3.59 
ru ■ 0 
v» S 19.J 

cjuais r:oa 
QI-1Ä 

% «3.53 
p-f * 5.51* 
l'a ao 
«a b 19.5 

ums nom 
Ot-195 

^ • 5.« 
Lr ■ 3A2 

• 0 
Ï* a 19.8 

sum rasa 
01-196 

1¾ « 3.12 
Cf a 3A6 
r-j « 0 

a 19.6 

suns rcïaa 
a-197 

Eo : 3.11 
|V a 3.32 
ir a 0 
% « £o*1 

sum in ms 
01-193 

H, a 3.13 
n! r 3-37 
<.o 
», a WA 

f r?.c^ ; r 'i í.c,-¿ î-rrth a-t.-îî Dnfch a.c.-S u.c.-i 
C.C-1,2 
1.2-0 J* 
2A-3.39 

£9.7 
U>.0 

25.2 

0.0-uL 
Ui-ï.9 
2.9-3.5Í* 

27.3 
50.9 
22.2 

0.O-1.2 
US-C.9 
2.9-3^.2 

¿0.7 
52.3 
CJ.8 

0.0-1.0 
1. 0-2.5 
2.5-3.66 

26.3 
Ii3.l 
23 Ji 

0.0-1.2 
1.2-2.'» 
2A-3ÕÍ 

2lt.3 
30.7 
23.7 

0.0-1.0 
1.0-2.0 
2.0-3.37 

21.8 
26.3 
d».o 

U1!T1 r 
ca-K 

f» * ?•’ i-f s u.; 
r4 • o 
3^, P £7 

saa 
*9 

S 
13 

>0 

-! 
bUTii nia’ 

CitòO 

R, a 5.« 
1/ B LJil 
Z, u 0 
Va 8 ’jî.O 

r"“-’. ■—■■■ 
uau rasa 

CS-COl 

P,a3.tó 
c. g UiUl 
l'i a 0 
\ » £9A 

U1?!S FTOU 
¢1-202 

% a 3.19 
C al».7L 
C 0 0 
14 ■ J2.6 

autm mt-üi 
¢1-1.-0 

14 a 3.19 
Ef a 5.55 
<• » 
«¿S 35.1 

CJU.H.S r'ïa 
CM-20» 

n, ■ 3-18 
à c 5.76 

30.9 

I * . T.C.^S 
0.0-1.0 
1.0-C'J* 
z-i*-3.a 
3.2Í.V 

ft* 

27.9 

v. -: 

C.W.0 
î.o-L.0 
L.o^u'i7 

53.0 
C9.9 

109.9 
39.7 

o.o-uo 
U<W2Ji 

2X^Ji 
3*V^U1 

57.0 
53.O 
92.7 
13.3 
37.0 

0.0-1.0 
1. 0-2.1 
2.1-3.0 
5.o-!i.o 
L.o-¿». 14 

28,3 
56.8 
95.5 
•n.2 
30.2 

O.C-1.2 
1.2-1J* 
I.W.3 m 
W»-5¿5 

I5.O 
95.6 
91.2 
05.8 

2T?J* 
U».5 

0.0-1.2 
1.2-5 .2 
5.2J..5 
ü.5-6.0 
5.0-5.75 

52A 
138.5 
125J» 
171.5 
33.3 

r, B Crî'ilssl La î.wi»« 
I-f ■ l'îxîl :*'n i, lai!»» 
l'j g et ta }k.'-s 

a tTijixai CeGMa» lanr liai 

TABLE DIT 

\ 



CO ID *0» tTCDH» Of 1TKBT 1«I3 II COIIS 
»7*1*1 YUütt 1952 «Al 1955 

ura coman oimiBoriai 
irra rxatno 

UJtflS 
Ctí-C 

IL *0 
0. «27 

>5 
ULJLt 

Cü- 

«..3. 
•f » 3. 
H, »0 
<»27 

tetan 
206 

32 
76 

.5 

rütra miOT 
CK-207 

= 3.13 
Bf ■ 3J»5 
H» »0 
», e 23.1 

uxni Kixa 
ca-208 

fl, b 3.16 
tf B 1*^:3 
fí, » 0 
», »28.1 

wms rjia* 
CM-209 

«• - 3.15 
ff • 3.63 
ft» »O 
», • 27.6 

UlPU WJMIS 
cjteio 

% • 3.12 
«f • 3.53 
t, «0 
», B 23 J 

&rpU J Drf.k E*r*_» Í.C.H5 r»rth o.c.-< r*r*h w.c.yí l.C,-< 
0.0-ÍX 
z.o-e.6 
2^-3-5 
3.í4^S 

t3rf 
ií3*2 

129.3 
zUJ* 

o.o-ej} 
2.9-5.0 
3 ^>-3.79 

39.6 
61.7 
30.7 

0^)-1.0 
1.0-2.5 
2.5-3.«5 

28.3 
3>J* 
25*1* 

o.œa 
2.0-3.0 
3.0-3.9 
5.8-ÍÍ.23 

53.X 
51.9 
73.5 
27.6 

o.o-i.o 
i.oeJ* 
2.1.-3.0 
3.0-5.63 

2l*.7 
la.i 
75.9 
25.7 

0.0-1.0 
1.0-C.0 
2.0-3 a 
3.2-3.53 

26.1 
35e 
1*0.7 
26.6 

UBPU 
ate 

*.= 3- 
Sf • 3. 
^ > 0 
p, r 19 

«tara 
11 

12 
77 

*3 

fiU-LJ 
C3Î-2] 

ro • 5 
rf £ 3. 
E, a 0 
B. • 13 

pc;ocs 
12 

Ü* 
9i 

J* 

Offu r?KEn 
CS-215 

*, b 3.15 
ff • 3.76 
-, * 0 
C, i 21.7 

Sims r.Ter? 
cae li* 

ft, B 3.1I* 
% B 3.79 
n, b 0 
», B 50a 

s*Mru nmaa 
«-215 

ft, : 3.U 
H- a 5.61* 
< a 0 
< a 29.8 

sii-pu lunn 
a»ei6 

», B 5.11 
E. r 3.57 
r a 0 
<a 29.6 

t-c-TtJi J.C.-Í r>prí:íi Dce.8 i».C.-S o«rth »a.-S Cvi-ptà S.C.-'i KC,^i 
C.0-1,^ 
1*5-1.9 
1.9->.i 
3.c-3.rr 

1*2.9 
Loj 
21.1 

o.oe.5 
2.5- 3.1 
3.1-3.6 
5.6- 3.9Í 

3lJt 
55.3 
>3.9 
27 J* 

0.9-1.9 
1.9-3.1 
3.1-3.76 

36.9 
1.3 J* 
22rf 

OA-IJ) 
1.0-5.2 
3.2-3.73 

20.5 
U* .0 
21.0 

o.cm>.6 
0.Ó-C.0 
2 .G-J *6^ 

53J* 
63.1 
50.1 

0.0-0.9 
o.9e.o 
2.0-3.57 23.9 

tir,-j i vïsa 
ca-ei7 

% » ï.li 
tf « J.U 
R, o 0 
r, r 

Etirj 
oeia 

*8 » 3.11 
tf B 5.59 
E, • 0 
C9 ( 28.2 

e¿iyui roaa 
CI-219 

If8 - 3.11 
Ef B 3.Í-1* 
¡,8 0 
W, r 25.2 

CÍKPL3 ni8B 
0-223 

E, U 3»U 
Ef a >.59 
t, B 0 
V, B 26J* 

u.’ctj tn; a» 
CB-e2l 

n9 b 5.11 
¡Y -» ï.53 
u ■ 0 

W¡¡ s 25.O 

cirr-jt msn 
CU-C*£ 

n, 0 3.11 
Ef * 5.26 
tr - 0 
< r 26.5 

I" ^ ■ f.cei TfOt* y v*s Sjj‘_ 

0 aO**l *0 
1.0-:,.0 

P-C.-< 

51.1 
22.0 
25.5 

C.O-lJj 
i^>-í.'j 

Ut.9 
29*2 

c^-l.5 
1.5-e«; 
2J-3.59 

37^5 
51.0 
IS.} 

0M-O.7 
0.7-1.7 
1.7e.7 
2.7-3.L 

>3.1 
53.1 
liOjí 
20 

0.00.5 
0.5e. 5 
2.5-3.5 

1I1.5 
37 J. 
25.6 

o.o-o.s 
0.5-’¿ 
2.0-3.53 

1.5.5 
29.5 
25^1 

®» » tng* U Zariaa. 
i - a Matl iíjt-irt li rac.i»». 
Ij a ïldf?r:tf <.f Vafvaaa CrrUa» Jj la^w*. 

t Crltljaa U«Wr Ctœt«?« íji K«r Cm*. 

TABLE DIQ 



« 

C( 1LD LOOM ¡.TUDKS Of rr.OBT ICIIO» »» »TU 
fisai. TSJU3 1932 «ni 1953 

RATES CCWnT PISTSIWTIO* 
/irr* ,07ttinö 

StkTU *031* 

M-1JJ 

\ • 3.11 
4 • 3>ij6 
ï £ 9 
*, • 19.9 

UJû-LE 
C 

R». 3 
Hf » 3 
E, « 0 

*.* 1 

xvxîa 
ii-iji. 

.12 

.32 

9-9 

ejjiPLi mira 
CR-135 

\ î 5.11 
■ 3.50 

% • 0 
V. Ï 21.3 

SABTi ÜVXPH! 
CM-130 

R. r 3-12 
• 3.75 

f.u • 0 
B . 20/ 

M/P LS Klisn 
ci-137 ' 

% : 3.12 
ff a 6.M 
Ru. ■ 0 
B# . 20.7 

SAJCL* tl)L?n 
cx-133 

IU * 5.12 
Hf . 3/7 

0 
». . 

r^ftM C« pik ■i.C*«.» W,C'-* r^rth t.C.A 4.C.-< 
0.0-1/) 
1/)-2.0 
2/)-2.9 
2.9-5^ 

32.1 
26.2 
25.9 
20.1 

0.0-0.5 
0.W.5 
1.3- 2.3 
2.3- 3.3 
3.5-3.3 

15.3 
32/ 
26/ 
25.3 
19.5 

0.0-1.0 
1.0-2.0 
2.0-5.1 
3.1-3-5 

29.9 
36/ 
23.5 
23.3 

0.0-0/> 
0.6-1.0 
1.0-1.7 
1.3-2.5 
2.5-5.O 
5.O-3.7 

27.5 
35.0 
35.9 
21.5 
30.1 
21.6 

0.0-1-!, 
1/-2.1 
2.1-2/ 
2.0-3.3 
3.3-6/ 

66-2 
5'.3 
67.1 
32/ 

¿ 36/ 

0.0-1.0 
1 1.0-2.0 

r.O-2.9 
2.3-3.6 

36.5 
33.5 
25.7 
27.3 

IU&1& 
CM- 

B.53.1 
r 
K .0 
r9 z2o. 

STK?0 
•159 

e 
»2 

5 

UKPLE k’OTTT 
CU-lijO 

Ml 
vf « 3. -1 
's, • 0 
•0= - ^ 

SAXFLE KT ME ES 
a»-lia 

u, t 3.11 
Kf ■ 3/3 
R« ■ 0 
»0 « 19.5 

Mm* *11515 
01-162 

"0 r 3.11 
»•f • 3.66 
R» • J 
90 . 20.1 

Mm* ruaa 
CK-ÜlJ 

«o ï 3-12 
JU. -, 
H, ■ 0 
«, £ 19.3 

MhMS *11*!ES 
«•166 

H. t 3.12 
B. : 5.16 
IT « 0 

19.6 
t«7tM "* *c rws^h '7.0.*- ] r^pth W.C.-Í Prnth ‘’.C.-t 
C.O-O.b 
0.9-1.5 
1.3- 2.1 
2.1-3.5 
3.3- 3.02 

52-0 
29.9 
55.0 
23.5 
2>.7 

0.0-1.1 
1.1-2.1 
2.1-5.0 
5.0-3J-£ 

30.2 
26.9 
20.0 
^.5 

0.0-)^ 
1«M«0 
2.0-3.0 
5.0-3-:0 

21/ 
21.7 
23.3 
20/ 

0.0-1.0 
1.0-2.0 
2.0-3.0 
3.0-3.66 

29.7 
27.7 
26U4 
20.1 

0/-1.0 
1/)-2.0 
2/)-».l 
3.1-5/ 

27/ 
25.3 
21.9 
17/ 

0.0-1/) 
1.0-2/) 
2.0-3.L 

21/ 
13.0 
18-9 

ions i 
CÄ- 

'» «>•! 
V ■ Í.0 
K, • 0 
1* ï 20- 

IffLa 

r^a 
Ü*5 

2 
7 

0 

ï.C.<. 

SJUu IZ rUEB£8 
CJ-L46 

R« • 5'Cm« 
C c I»,22 
R« • 0 
«a £ 55.5 

EA;/Li man 
c»-U»7 

*. ■ 3.13 
t- t 5/9 

X 0 
0 ï 21/ 

1 
CA1CPL* *nSUR 

c*-il/i 

2. . 3/8 
Ef . 6.21 

. 0 
«e » 52.1 

rinnt 
Cii 

R, » 3- 
Hf a 3. 
K a 0 

32 

nttrja 
-169 

>3 
17 

•3 

EAKPU t 
CH- 

"o • 3.’ 
"f t 5. 
r ; 0 
i : 35. 

nan 
150 

12 
16 

3 

0.0-0.3 
0.3-1.7 
1.7- 2.7 
2.7- 3/1 
3.2-1» 07 

i»5.l 
76.3 
25 ¿ 
23.1 
20¿ 

0.0-1/) 
1.0-1/ 
1 /»-2 *6 
2.0-3.0 
5.0-3.3 1 
5.3-0.22 

^9.7 I 
77-0 
72.6 
I»)/ 
91.5 
}0.9 

0.0-1.0 
1.0-2.0 
2.0-^.0 
5.0-3.'/? 

•*> 

(6.0 
23-6 
25.3 
20/ 

0->th t 

0.0-1.0 
1/)-1.9 
1.9-2/ 
2/-3/ 
3/-6/1 

f.C.-* 

69/ 
91/ 
62.7 
29/ 
26.3 

!^>pth_ 

0^)-0.7 
0.7-1.7 
1.7-5.57 

IT.C.-fl 

69.6 
37-3 
26.1 

_!>ÄAfc_ 
0.0-1.) 
1-0-2.5 
2.3-3/ 
3/-3.5J. 

TïaCarÎ^ 
(5.1 

173.9 
12).1 
27/ 

*» * Orldial 3*1 in ¡ncl+,. 
ff K Mw»! ftiffct «a 1 Rer.««. 
2. i TVlata«, of OfcfTM« Portt« U laoh... 
• 2 rlo*l *3»ttr U Ptr C«Bt. 

—-_I 
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COU) ROO* £ irons or ntt*! actio« ik soils 
fiscal m*s 1902 i«} 

Mira com DisiRmiie* 
W7U rratanio 

su pii rmnt 
a-S} 

=3.11 
Hf «3.117 
^ «0 
», ■ 21». 0 

SUPLE SUSSE? 
cu-ai» 

«0 » 3.11 
«c • L.33 
«u • 0 
», : Hi*.5 

. I'tpth I.C.-JC 
0.0-0.5 
0.5-0.9 
0.9-1.2 
1.2- 1.9 
1.9-2.Í» 
2.1-.3.0 
3.0.5.3 
3.3- 3.87 

30.5 
31t.3 
36.5 
1»0.0 
25.9 
1»7.5 
39.5 
29.6 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.3 
2.3- 3.0 
5.0-3,3 
3.3- 3.5 
3.5- L.35 

1_ 

1/8.0 
¡»1.5 
36.2 
55.7 
70.5 
39.7 
67.3 
23.5 
25.6 

Sims ms» 
ca-ü? 

«O : 3>ii 
H* ■ 3.9fl 
“u • ° 
\r z 24.1 

— Otr*)» 
o.0-0.5 
0.5-1.O 
l.o-i.5 
1.5-2.0 
2.0-2.} 
2.3-3.0 
3.0-3.7 

3.7-3.99 

W.C.-3C 

tó.3 
3)u2 
)4.U 
52.0 
1*2.0 
15-3 
1*7.5 
23.6 

suas mi*BE)> 
ai-90 

H0 s jS.u 
lí ; Loa 
» » o 
< . 3S.1. 

0.0-0.5 
0.S1.2 
1.2-1.9 
1.9-2.5 
2.5-2.9 
2. >3.1» 
3.1*'}.8 
3.8-¾.¾ 

Ii5.5 
1»3.5 

75.I4 
1/0.1 
Uu7 
l»6.5 
31.3 

SA13U mous 

a-95 

0.0-0.7 
0.7-1.5 
1.3-2.5 
2.5-2.9 
2.9-3.6 
5.f>-l».0 
U.c*.l*.ci* 

1*2.* 
55.6 
56.2 
¡a.3 
66.5 
33.9 
25.7 

fuma* mees 
&4->6 

h. • 3.11 
h. t lu35 
<= o 
■; i 2?.3 

-rjEüir_ 
0.0-1.o 
1.0-2.0 
2.0-1.0 
3.0-3.7 

3.7-L.55 

JMLviL 
105.2 
67.5 
70.0 
36.6 
31.7 

8, • CjIllMl )«.->» u Znoh«« 
rf • Hu-1 :^ljM Ln I»«h„ 

e* ! I» UoU. • * O««!»! >V4r o.fc.rt u Hr ^ 

tadle D20 
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CCLP ROO» STOTES OF FfiOST ACTIO» 1A SOILS 
FISCAL YKAKS 195^ tril ]09J 

*AT'S CCIÍ7FNT OlSTSI'l'TIOS 
aftfr manís 

FAiffu r'cnt 
0115 

Re . 3.11 
» 1*.02 

A*: » 
*e • 19/3 

SAliFLt V-;i?ry 
CM-116 

A • 3.12 
Hf » 3.52 
«U * 0 
A - 20-2 

>pu. 8.C.-Í Oa-th Iit.c.-aÍ 
0.0^).5 
0.5-0.7 
0.7.1.0 
1.0-1.7 
1.7- 1.9 
1.8- 2.2 
2.2-2.3 
2-3-3.5 
3.5/4.02 

39.5 
66.1 
3A.8 
1*3 J* 

113.1 
13.9 
67.5 
22 ¿ 
13.2 

0.0-1.0 
1/)-1.1 
1.1- 1.5 
1.5- I.7 
1.7-2/* 
2.5- 2.) 
2.9-3.1 
5.1- 3.52 

23.9 
56.9 
30.7 
10.6 
21.8 
23.3 
39.2 
16.7 

sa 1212 r:iea 
a-121 

«0 ï 5.12 
Ff « 3.37 
H« • 0 
»0 : 19.5 

SAJOLE KnßER 
CM-122 

A * 3.12 
Hf : 5/2 
A * 0 
»e a 20.3 

:*pth J.c.-V TMnth K.C.-Í 
0.0-:.7 
0.7-1.3 
1.3-2.1 
2.1-2.7 
2.7-3.57 

26/) 
27.9 
21.6 
17.7 
22.9 

-- 
2.0-0.7 
O.7-I.2 
1.2-2.0 
2.0-2.7 
2.7-3/2 

19.3 
25.2 
19.7 
21.2 
30 J* 

SAiíFLE VMFFS 

C»-117 

»•f • 3.71 
. 0 

" ï 19.3 

fl.C.- 

0.0-0.7 
0.7-1.3 
1.3- 1.7 
1.7-2.3 
2.3- 3.0 
3.0-3.71 

27.3 
23.3 
25.5 
37.7 
30.2 
18.8 

SAïru; NTiffrp 

CK-118 

W0 F 3 .'11 
Kf ■ 3¿1 
Ru » o 

T*pth 

0 *0 «0 
OJi-0.7 

0.7-1.5 
1.5- 2.5 
2.5- 2.8 
2.3-3.21 

20 J4 

5U 
2li.7 
20^ 
21..9 
22 J. 

SAlffU. k'.YBER 

£31-123 

\ * 3.11 
Hf « 3.13 
Hu • 0 

s 

C.0-1.0 
1.0-2.0 
2.0-3.13 

SA17LE ITlíBR 

01-127 

Ee *?-»2 
If « It.15 
F-u .0 
». : 29.0 

O.O-Cji 
0J.-1.0 
1^-1.8 
1.5- 2^ 
¿.2-2.5 
2.5- 3/. 

3.6- 9J5 

la^ 
75.8 
29.2 
75-3 
25.7 
27a? 
17.8 

17.2 
20.1* 
20.3 

oupu ifi’iau) 

□1-121* 

Ko r 3.12 

^ « 0 
3.33 

o«rth 

0.0-0.5 
0.5-1.5 
1.5- 2.5 
2.5- 5.^ 

SAjfFIÄ K uni 
C»-128 

F0 « 3.11 
Rf r 3.52 
■C *0 
». : W-9 

Orth 

O.O-O.5 
O.5-I.I 
i.i-i.a 
:.5-2.1 

2.3-3.0 
3/t-5.5? 

20.8 

53/* 
26.5 
23/5 

15.8 

w.c..< 

22.3 
27.1 
3l*.7 
20.0 

SiüíU RTS a 

«-129 

Ke .3.2 
kr * 3.55 
K** ro 
a r 20.7 

Otnth 

0.0-0 J* 
oJ*-i,5 
1.5-2.5 
2.V3/1 
3.0-3.55 

1.C..I 

11.6 
28.5 
28.8 
3I*/) 
22 J* 

SAÜJ LS ir.ioa 
OI-130 

*3.12 
L 3.52 
i 0 
119.3 

! ^.th 

0.0-1.5 
1.5/2.6 
2.4-3.1 
3-1-3.52 

32.9 
22/? 
22 Jj 
13/1 

LA» ï LE KW h FF 
CM-II9 

A r 3.11 
A • 3.15 
À ■ 0 
A • 19.9 

SAMS LF. Kl'VChV 

CM-120 

A * 3.13 
Hf a 3.16 

A ■ 0 
A s 19.9 

I'«pth i.C.-X 
0.0-0.5 
0.5-1.1 
1.1-2.0 
2/)-2.1, 
2.5- 2.6 
2.6- J.l 

18.1 
20 J* 
I7.9 
23/* 
22.1 
19.8 

0.0-1.0 
1.0-1.5 
1.5- 2.5 
2.5- 3.16 

15^ 
19/* 
18.1 
23/3 

SAKTLE KLTIFa 
CM-125 

A : 3.11 
Hf • 3^6 

A ■0 , 
A = 19 J* 

SAM FL J Km FF 

CM-126 

A t 3.12 
H, ï 3.19 
K » 0 

»0 * 19-9 

IV-pth H.C.-l Hoplh kl.C.-< 
0.0-0.5 
0.5-1.0 
1.0-2.0 
2/)-2.9 
2.9-3.26 

18.) 
'¿62 

23.1 
23/) 
20.2 

o/l-l/l 
1.0-2.0 
2.0-2.-,- 

2.75-3.I5 

20.8 
20.9 
21.1 
I?.} 

sam? us irjyrni 
CM-131 

R,, .3.12 
Hf a 3.V7 
h ■ 0 

A s20*6 

SIMPLE KWBOl 
CM-1J2 

• 3.I5 
A r 3/*2 
r r 0 

^ r 19.8 

—17: ï ' h 
0.0-0 J, 
0.4-1.5 
1.5- 2.5 
2.5- 2.9 
2.9-3/*; 

*a7a*^ , 
25.1 
28.1 
27.2 
28.9 
25/ 

0.0-0.5 
0.5-1.5 

1.5- 2.5 
2.5- 3.3 
3.3-»/*2 

IâCi-S. 
)4.1 
AO/) 
26.5 
26.1 
iîa* 

8« » Orlgiml «»Ifl-t U 
Rf ■ Flr^l 84 If ht la ¡¡.o»«. 

«u t Thleint»« of rvfpoicr. l«rt¡PB la Iael»i. 
"0 - Orlflral Kt'.*r Cortar* la Far Caot. 
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cc -- ICO* S TOO US CP 7RC6T ACTIO* IK SOILS 
PTSCAL noms 1952 •«! 1953 

batís ccvrnr distkiwtio» 
APTES ISiaiKO 

sjjT'j v.-vî-a 
CU-ljl 

V . 5.07 
?! • 5.93 
*„ ï 0.15 
*# . 29.9 

ÍJJC-.Í 
at 

\ • 5. 
8f • 3- 
«4 I C. 
W. « 27 

VIZ *2 
-152 

C5 

06 
•1* 

SAiiT-r wTirai 
CM-153 

3,, : 3.07 
Kf . 345 
\ «0 
*.S27.9 

SAMPLE KWEÎT! 

ai-i5¡* 

8, t 3.09 
6f» 343 
«4 . 0 

*0 • 25*} 

SAMPLE KiTtSB! 

c*-155 

K« : 3.09 
Kf - 439 
«„•O 
"o • 25.0 

SAMP In KVki** 
M-156 

P, • J*09 
Rf ■ 3.51. 
«4*0 
W0 « 254 

L'.ptJ'. r^pth D*:<h M.C.-t f*nth 7½ pth B.C.-l 
0.:^).5 
0.5-1.5 
1.5-1.9 
l.O-J.O 

s 
5.0-5.93 

79.7 
1M.9 
56.7 
23.5 
2-.3 
2-.1 

1 

c.0-1.2 
1-:-2.3 

: 2.«’.' 
5.0-345 

57.9 
51.5 
25.9 
B2.5 

0.0-1.0 
1.0-2.0 
2^)-34 
3.0-345 

14.3 
594 
21*¿ 
254 

0/)-14 
1.0-1.5 
1.5-2.0 
2.0-3.0 
3.O-343 

1*7.5 
62.1 
1*3.9 
304 
240 

04-04 
0.6-1.3 
1.3-24 
2 4-3.0 
3.0-436 

58.7 
924 
72.9 
36-2 
23.1 

o.o-l.o 
1.0-14 
14-2.0 
24-3.0 
3.O-3.5. 

10.6 
954 
31..7 
29.I 
254 

SJUCTX >riŒni 
CSÍ-157 

^ : 5.05 
Hf . 4.25 
Ni ■ 0 
», r 20.7 

C1XPL2 KTurni 
«-158 

H, « 3.05 
6f r 3.87 
Ho » O . 
»0 • 29.5 

ums Kinrent 
«-159 

80 ■ 3U 
Rf • 3.¾ 
84 • 0 
"o « 29.1 

Siuns KUVPEE 
CM-160 

6, I 3.09 
Kf » 473 
84 . 0 
»0 S 26.7 

SAKT.E KUHPBl 
OX-161 

«o r 3.06 
8f • 3.9} 
K4 ■ 0 
»0 * 274 

sam ns miar» 
CM-162 

h0 s 3-°5 
«T : 3.73 
H , 0 
< * 27.9 

Dt pth ¡*pth a.c.-i ‘.«•pth B.C.-l D-pth T.C.-< 
0.0-0.5 
c.5-1.5 
1.5-2.0 
2.O-J.0 
5.O-L.25 

LU 
67.7 

225.8 
23.3 
2.5 

02:-0.9 
:--1.3 
1.3-u 
1.6-3.0 
5.0-3.37 

14.3 
69.3 

117.9 
29.5 
22.6 

0.0-0.7 
s.r-ia 
li-2.3 

2.9-5.99 

514 
53.9 

2QL.3 
794 
274 

0.0-0.5 
0.5-24 
24-7.7 
2.7-40 
L/U.75 

76.9 
45.5 
754 
27.0 
23.7 

0.0-0.7 
0.7-14 
14-14 
1-6-2.0 
2.0-3.0 
5.0-3.83 

1*5.8 
63.7 

1074 
¡.34 
28^ 
234 

04-0.9 
0.9-1.3 
I.3-I.9 
1.9-3.73 

1.94 
TU.7 
564 
26.1 

tucii r-ias 
CK-)63 

B r ? 
« L73 

\ • 0 
", r W.1 

« 

% • 5. 
8f ■ 3. 
H4 . 0 

B - 23 
e • 

r*aa 

?6 

.1 

--1 

SA1CP1J nilOES 
«-165 

80 ■ 5-p5 
8- t 349 
< ï 0 
*, ï 27-^ 

OAMPiS K-TGDI 
at-166 

*0 * 3.O7 
H. « ).03 
«4 t 0 
n0 ■ 26.7 

SAMEIS r/KEEK 

CM-167 

Kq « 3.08 
Hf ■ 3.95 
H >0 
«J s 25^ 

SAMEIS lato ES 
CM-153 

Kq ■ 3.O5 
K- r 3.13 
H ï 0 
»Ü : 2¡.4 

1- y. t h ;.c.-r opotii ::.:.-1 
_0I£Ç8_ 

0 4-1.0 
14-7.1 
2.1-3.9“ 

W.C.-K 

574 
648 
2i»4 

-¡¡»Eli_ 
04-1.0 
14-2.0 
2.0-3.18 

21.7 
25.7 
20.0 

0.VI.9 
l.J-2.9 

75 J4 
ILl.O 
52.5 

o/irt).5 

0.7-1.7 
1.7-3.76 

26^ 
73.3 
734 
28.0 

c.0-0.9 
0.9-1.7 
1.7-349 

L8.3 
35.0 
27.0 

0.0-0.5 
0.5-1.7 
1.7- 2/) 
2.0-7.2 
2.2-2o 
2.5-2.7 
2.7- 3.83 

504 
564 
•4.3 
51.9 
59.9 
649 
28.0 

9, ï CT'r.lml la laah»«. 
a flaal Haight la laahaa, 

«4 a nickMM of Vntnttn Portio« ¡n Inal»,. 
B« * Ortjion 1 Ikttr C*at«rt in f,r (^„t. 

TABLE D 22 



ca LD loom irroiri cr n»T icti» i» tous 
ruca l'ait 1952 urf 1953 

«ins ccmit nmucTioi 
irru mau a 

UX-LS 
ÍS- 

t • î. 
4 • 3. 
1,0 

rresa 
97 

li 
99 

.9 

SAX7U non 
»-93 

*, • 3.11 
Kf ■ 3.11 
\,o 
», > 21.9 

sans ms 
c^99 

H, : 3.11 
Ef ■ 5.15 
< . 0 
», ï 21*5 

fans ilea 
(31-100 

H, t 3.11 
H- ■ 3.C8 
»o ■ 0 
», ■ 23.5 

sains rrasa 
04-101 

«• s 3.11 
E. • 3.26 
8(, ■ 0 
», ■ 26.2 

I 
cans t7 «3* 

»•102 

8, • 3.11 
8f ■ 3.50 
8» • 0 
», ■ 27.3 

>ps* - .c - f.C.-» Oara 3.C.-5 I*cih Depth s.c.-< Derth 
0.0-0.5 
0.5-1.0 
1.0-1.7 
1.7- 2.; 
2.V2.6 
2.8- 2.9 
2.9- 3.2 
3.2-3. * 

23.2 
36.9 
39.2 
26-6 
3U» 
Íj6.5 
19.2 
19J* 

0.0-0.5 
0.5-1.0 
1.0.1.5 
1.5-2.0 
2.0-2.5 
2.5-3.11 

19.5 
23.9 
26.6 
23.7 
26.6 
37.2 

0.0-0.5 
0.5-1.0 
1.0-1.5 
l. 5-2.0 
2.0-2.7 
2.7-5.15 

W.5 
23.7 
a.6 
25.3 
26.9 
26.5 

2 'Mj.j 
0.^--.0 
1.0-1.1 
1.1-1.5 
1.5- 2.0 
2.0-2.6 
P.6-2.9 
2.9-3.6 
3.6- 3.63 

£9.0 
29.1 
50.6 
29.9 
66.9 
32.1 
62.6 
36.0 
23.9 

0.0-0.5 
0.5-1.0 
1.0-1.3 
1.3-1.8 
1.3-2.5 
2.5-3.0 
3.0-3.a 

19.6 
26.9 
29.2 
31.3 
29.3 
62.6 
53.3 

i 0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.8 
2.6- 3.2 
3.2-3.5 

25.0 
£3.5 
£9.2 
32.1 
36.5 
U>.s 
26.9 

UiTJt . xrn 
c*-i!q 

*, i 3.11 
ïf ■ 5.96 
r., . o 
1¾ r 22.3 

meu nsn 
»-106 

r, ■ 3.11 
, 6.6o 

t, , 0 
», * 26.1 

ums nrsrs 
0-105 

!» * 5*11 
4 « 6.53 
s, • 0 
», t 36.7 

uxns men 
0-106 

», « 3.17 
»r « 6.32 
66 » 0 
», ï 30.6 

sums mm 
01-107 

»•, : 3.11 
8, » 3.87 
1L ■ 0 
Ö, t 32.1 

turns man 
04-106 

8, . 3.11 
H, : 6.01 
¡C « 0 
», ■ 31.6 

r*- i íi.c^; i 2.C..6 ; f.C.-'’ Depth w.c.-t Depth v.c.-< 1.C.-Z 
C.C-C.T 
0.7-1.3 
1.3-1.5 
1.5- 1.7 
1.7-2.6 
2.6- 2.9 
:.9-3.2 
3.2-3.5 
3.5-3.96 

32.7 
51.5 
32.6 
71.9 
26.ù 
55.1 
27.0 
a.* 
a.2 

C.C-C.5 
c.5-1.6 
1-6-2.2 
2.2-J.6 
2.6-2,? 
2.7-2.9 
2.9-5.6 
3.6-6.3 
6.3-6.6 

31.0 
60.0 
66.3 
56.6 
71.0 

115.3 
66.1 
66.6 
26.2 

c.0-0.5 
0.5-1.0 
1.0-1.5 
1.5-2.0 
2.0-2.7 
2.7-5.0 
3.0-5.5 
3.3-3.7 
5.76u53 

53.6 
66.5 
60.6 
•3.3 

P? A 
16Í8 
69.0 
51.1 
30.6 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 3.0 
3.0-J.5 
5.5- 6.0 
6.0-6.32 

36.6 
72.2 
61.2 
70.0 
70.3 
62.1 
36.7 
56.6 
26.2 

0.0-0.5 
0.5-1.0 
1.0-:.5 
1.5- 2.2 
2.2-3.0 
3.0-3.5 
5.5- 3.07 

32.1 
57.1 
50.6 
55.9 
61.7 
50.3 
26.7 

0.0-0.5 
0.3-1.0 
1.0-1.6 
1.6-2.0 
r.O-2.5 
2.5- 3.0 
3.0-).5 
3.5- 6.01 

33.1 
51.7 
69.5 
59.5 
ll>3.7 
67.5 
67.9 
25.0 

U..-U ITE-a 
ca-icg 

*. • 3.11 
ff • 3.76 
«, . o 
*• Ï 27.9 

cjo'ji iTzua 
Git-UO 

s» * 3.16 
r/ « 3.93 
E, • 0 
v, * 30.8 

iians man 
Qt-lll 

r* • 3.11 
’’f * 5.87 
>, I 0 
w, ï 35J* 

8Am* mca 
»-112 

B» • 3.11 
8f « 3.92 
•S, . 0 
1', * 23.2 

ux-is moa 
»-n; 

\ » 3.11 
8, » 3.95 
Jju * 0 

« 30.6 

;— 
U 27U l 

Q4-] 

8, • 3.1 
8f « 5.7 

0 
5.: r 22. 

— 

ma 
16 

1 
0 

6 

r* u • '.í-tH ;?.c.-í '.C.-í Or.-n* 1,0,.-. 

0,--2,0 
0-2.!* 

■ rJ.l 
.7-3.5 
.5-3.76 

35.6 
19.5 
¡0.1 
>5.2 

«3 
3J* 

0.0-0.5 
c.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- 5.o 
5.0-J.5 
3.5- 3.93 

63.8 
>s 

56-8 
55.6 
60.6 
61.8 
27.2 

0.0-0.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2//-2.5 
2.5- 5.0 
3.0-3. 
3.5- 3.67 

65.9 
53.6 
57.9 
66.1 
67-6 
UuO 
i¿.e 

0.O-O.5 
0.7-1.0 
1.0-1.5 
1.5- I.9 
1.9-2.5 
2.5- 3.2 
3.2-3.92 

60.9 
36.3 
06.6 
50.2 
66.3 
51.3 
23.O 

O.CW3.5 
0.5-1.2 
1.2-1.5 
1.5- 2.2 
2.2-2.5 
2.5- 2.6 
2.6- 5.1 
5.1-5.7 
5.7-3.95 

66.2 
59.0 
50.6 
67.0 
59.1 

10).6 
65.0 
66.1 
£6.0 

0.0-O.5 
0.5-1.0 
1.0-1.5 
1.5- 2.0 
2.0-2.5 
2.5- ).0 
).0-3.7 

£8.6 
62.3 
72.6 
30.9 
)).5 

20.5 

E, > Orl^lml ÂítjJrtlo Intimi 
Ef • 7H-1 .'.«Ijirt U U«j»« 
*» , TUwi««. «f Vmrraum Nrtl« )ji bciwt 
*• » Or-.j'-**! tMUrt u rw C».» 

* --- 
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MINIATURE '7.MPH FREEZING TRAY. 

D I PLATE 



COMPONENTS OF HARVARD MINIATURE COMPACTION APPARATUS 

A. MOLD 

8. EXTENSION COLLAR 

C. BASE 

D. T/MPER 

E. SAMPLE EJECTOR 

F. COLLAR REMOVER 

PLATE 0 2 
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