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LABORATORY STUDIES OF FROST ACTION IN SOILS \VITH SPECIAL 

REFERENCE TO THF. CLAY MINERAL FRACTION 

Tne l aboratory cold- room and its equipment have been designed 

to enable studies to be m~de under c ontroll e d conditi ons of ~11 

frost phenomena occurring tn soils ~-Jhich are reA-sonably ada pt a\Dle 
1 to inve stigation by l aborR.t ory methods . Although this pa rticular 

overall laboratory program incorporated ••II' various testing meth ods , 

experiments, a nd analyses , it was designed chiefly to determine the 

quantitative ef f ects of individual variables which influence ice 

segregation in soils. The va riables thR.t will be discussed in this 

paper are a s follows: (1) gradation and percent finer t han 0 . 02mm; 

(2) effect of comp~ction; (J) percent stone; (4) penetration of 

32°F . te mper a ture; ( 5) temperR.tures between frozen a nd unfrozen soil; 

(6) s a tura t e d cla y in a closed system . 2 

The cold room is a walk- in refri gerRtor, a pproxima tely 9 ft . wide, 

20 ft. long , and 6.5 ft . nigh . It is constructed of 22 s~parate pB.nels 

bolte d togethe r , en~hltng dismantling ease Rnd providing flexibility 

for expa nsion when and if the occasion necessitates it . The pan.rus 

are f a ce d on both side s with 20- gauge ga lvaniz e d shee t metEJl a nd the 

room is compl etely insulqted with 6 in . of miner~l wool (v e r miculite) . 3 

A 1~ H. P. water- cooled compre ssor is positi oned outside the cold room 

l a bora tory which supplie s the Freon gas refrigera nt to t wo unit 

coolers mount ed a t the r ear of the cold room. Room tempernture is 

controlled with a Minnenpolis-Honeywell bimeta llic mercury- bulb 

t hermosta t, with l i mits of p lus or minus 2°F . Th e cold room has 

been de signed to function between plus lo°F. Rnd ulus 40oF. 
-" 
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Located within this cold room enclosure are ntne individual test 

cabinets insulated on the top and side with 6 in. of sheet cork . 

t H.P. aircooled units supply the refrigerant to each indiv~.d'..lal 

test cabinet maintaining temperatures ranging from cold-room 

temperatures to -2o°F. Temperature in eacr cabinet is controlled 

by a De Khotinsky bimetallic helical thermoregulator with an accuracy 

of plus or minus toF. Figure 1 illustrates a section through one 

of the cabinets. 

~ !Y\Ot..o~ le ~~:f'.._o.l 
wi.-u to sw i+ h. b JC. 

Op~rv s pQ.ce +o o.( ~oW" b-ee. 
Cir'~t~-LC~..floY\J of' _I:..J:tld..:roovvv o,\.,.. 
'P1..Lo ~~.r S_rtil t r e. c. i ro..t'fl...& • 

tloo..- o.f c:olot ..-oo~ 

feature of the test cabinets are the bottoms which 

consist of open grill work to allow the cold room temperq ture to be 

applied to the bottom of the soil specimens being tested, while the 

tops of the s~mples qre being suhj e cted to the cabinet temperatures. 

During the freezing test process, cabinet temperatures are lowered 

gr~dually in small da.ily decrements in order to produce a rate of 

frost penetration into the soil SA.mples simulating natural field 

conditions as near as possible . Samples are placed over porous 

discs in indiv1duA.l receptacles in which wRter can be supplied if 

and when necessary. These receptacles rest on a galvA.nized sheet­

metal plate placed over the grill work. The space between sa~ples 
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is insulqted with granulated cork as sh own in figure 1. The cabinets 

have an inside dimension of 19 by 19 inches and cEm 8.ccomodRte soil 

specimens up to 12 in. high. Usually four samples are tested 

simultaneously in one cabinet. Constant-water-level dev iees which 

are adjustable over the range of the samples provide de-aired water 

to any specimen and they also maintain a definite water level within 

the specimens themselves. The temperatures in soil samples are 

measured by means of copper-constantan thermocouples. The thermal 

electromotive force produced by the thermocouples is measured by 

an electrical instrument consisting of a standard cell, sensitive 

galvanometer, and a Leeds K-2 pot entiometer. Temperatures are read 

and recorded to O.l°F. A toggle swite;board allows any one of 100 

available thermocouples to be placed rapidly in the measuring circuit. 

Each testing jacket is equipped with a glass thermometer which can 

be read from the outside through the thermopane window . A close check 

of e ach cabinet temperature is maintained by the use of a thermocouple 

inserted in a glycerin-filled, rubber-s toppere~ _ glass vial, 1 inch 

in diameter and 3 inches long, suspended near the top of the specimens. 

The glycerin tends to nullify the temperature fluc tuations occurring 

in the test cabinet during a normRl operating cycle of the compressor, 

thus enabling an average temperAture to be read and r ecorded. 4 The 

daily average cabinet tempera ture is computed from the average of 

severa l readings with the thermocouple in the vial. Figure 2. 

atte mpts to demonst rate the procedure mentioned above . 
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The specimens being teste d in the cold room for this inve stigation 

are prepared in steel cylindrical molds to a 6 inch height. The fine­

gra !ned soi+s, or those soils containing Br a ins s maller t han ~ inch. 

are prepared in a 4.28 inch diqmeter mold, and soils with stones up 
,, 

to 2 i n c hes in dia meter are prepare d in a 5.91 dia met e r s teel mold. 

The s p ecimens are compacted to densities approxima tely 95% of a 

Modified Standa rd Specifica tion ( AASHO) and the b a se and subgra de 

soils obta ined from benea th airfield a nd highway pav e ments are compact-

ed to estimate natura l field densities. 

Afte r removi ng s p ecimens from the steel molding cylinde rs, the sides 

of the soil c y l i ndrical s a mp les are spra yed with a light coa ting of 

p l a stic ma t e rial to hold the sample togethe r during handling and to 

prevent wa ter evapora ti on. A hea vy layer of petrol~tum is a p plied over 

the p lastic coa ting and following this Droce dure the s o il s pecimens 

a re fitt e d tightly into 6 inch cardboa r d cylinders, wh i ch a re open 

a t b oth ends. 

All soil s pecimens have been s a tura t e d prior to fre P. zing . Th e satura tion 

process is c a rri e d out in the cold room l a boratory. Filter . papers, 

p orous discs 3/8 i nches thick, and brass c aps a re fitted to both ends 

of the soil specimen in its c a rboard jacket, using rubber sleeves and 
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bands to se~l against air leakage. Samples a re then evacuated and 

saturated with d~ired water. Figure 3 demonstrates the appea rance 

of such a soil specimen while going through the saturation process. 

After saturation, the specimem are pl a ced in one of the test cabinets 

with the upper cap being removed and the bottom rece~tacle kept in 

position . The de-aired water supply is connected to the bot tom of 

each receptacle, the constan t-wa ter-level appara tus having been 

previously adjusted to a height such t hat the water in the receptacle 

will rise to approximately 1/8 inch above the porous stone and be 

in contact wtth the soil. The samples are i nsulated f rom each other 

with granulated cork, as shown in Figure 1. 

Mos t specimens are tested under a surcharge load of 0.5 lb. per 

square inch ( P .S. I .) in order to simulate field conditions consisting 

of a 6 inch thickness of pavement and base. A thin layer of bentonite 

clay is s pread over the top of the soil specimen before the b:=t.se-

plate is s e t in orde r to provide a un iform contact between the steel 

surcharge-weight basepla te and the soil p <=; rticles. The hase plate is 

raised lt inches by a set of four lugs so as to allow air circulqtion 
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over the top of the sample . 

The thermocouples are placed at l inch intervals along the 

longitudinal axis, including top and bottom in one of the four 

samples in a test cabinet , providing a way of checking the temperatures 

withtn the specimen and observing the progress of freezing temperatures 

into the specimen. Two thermocouples are also placed at the top 

and bottom in one additional sample in each cabinet . The thermocouples 

are inserted through the side of the specimen in holes punched with 

a slender sharply potnted implement and finally the insertion points 

are sealed off with a heavy grade of grease . Testing frost action 

in the soil samples begins when the specimens in the cabinet hAve 

cooled uniformly to the cold room tempera ture of approximately J8°F . 

The actual freezing test is started by closing the lid and lowering 

the te:r:per"l ture in the cabtnet to approximR.tely J0°F. for a duration 

of two days and then dropping it to 29°F for two more days and 

finally to ?80F for two days. After this period of six days, the 

temperatures within the cabinet are changed only by an amount required 

0 
to maintain the rate of penetration of the J 2 F . te:r.per ·3 ture in the 

samples at approximately ~inch per day. Temperatures within thA soil 

specimens are read daily and temperatures in the r abinets are adjusted 

accordingly, depending upon the progress of the J2°F tempera ture 

within the sample. Readings of the vial-glycerin temperatures are 

abta ined at . intervals of 10 to 15 minutes for a continuous period 

of l to 2 hours each day in order to determine the avera ge daily 

cabinet tempera ture . Frost-heave readings are ma de daily and are 

read to the nea rest ha lf-millimeter. Measurements are obtained w~_th 

a meter stick placed on a marked point on the surcharge wei ghts over 
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the sample; the actual reading is taken at the intersection of the 

stick and a steel bar across the top of the cabinet opening. 

After 24 days , when testing has been completed , the soil samples 

are removed from tbeir containers , weighed to determine the cr.ange 

in water content , and then parted ve~tically in a compression machine . 5 

Measurements for the amount of frost heave, and observations for the 

location, distribution, and magnitude of ice- lens f ormation are made 

on one-half of the specimen. The r emaining half of the soil specimen 

is photographed and retained for supplemental laboratory t e sts . 

Water contents are obtained for every inch of the depth of the split 

soil sample. Figure 4 a t te rrpts to il l ustrate the amount of water 

content versus depth of a frozen soil sample, in this particular 

case, a soil specimen of New Hampshire Silt . 

The soil sarr.:ples selected for sampling in t h!-s particular 

labratory program were nine bR.s ic soils ranging from a well-graded 

a&ndy gravel to a medium plastic cl~y . These hasic soil samples were 

chosen for testing hotb in their na tural gradation and in various 

blends with one another in order to vary the physical characteristics 

which influence ice segregation . Base and suhgrade soils were A.lso 

obtained from eleven different airfields i.n the northern United States, 

for the purpose of testing the degree of frost susceptibility. 

(l) !egtg Qn_SQil Einer !hgn_O~O£ mm~ 

These tests were performed in order to check the validity of 

past pertinent criteria concerning frost suscepti~le soils and 

to determine , for soils of various gradations, ranging from 

well-graded gravelly sand to un1form fine .sand, the minimum 



r ~ 
t-

l 1 r r 

.-1-- L 
+ ·- - 1- r +--4--+-1--·-1- --

~ ~t t i LE 1->- _j_,_:I f- ~ - I t -+-- I> 

- I I i -t-t- I t~ . t -. T I -r- f 0 

l 
\I 

:y-"\ 

\.. 

0 

~I 

~ 
OJ 

2 

'+· 
0 

i 
0 
() 
).. 

I 

~ 
0 
(.) 



Page 8 

percentages of grains finer than 0 . 02 mm. at wh ich ice s egregRtion 

will occur. Laboratory tests indic~ted that considereble vgriat ion 

in heave may result among soils having a given pe rcent finer 

than 0. 0 2 mm • Perhaps some examples can be cited here in 

order to i ll ·-~ strate these v9.riations . Specimens of sandy 

~ravel were blended with gl acial till and the amount of soil 

finer than 0.02 mm. was J percent by weight. Tv-- e result was 

a considerable heave of 10.9 percent, whereas some other soil 

samples having tbe same percent finer than 0.02 mm. he~ved 

only between 1 Rnd 2 percent . It should be pointed out t hat 

e ven greater differences occur ved if degrees of compaction were 

varied . A number of experiments cle~rly indica ted tha t much 

greater heave resulted in specimens of unifcrm fine sand 

blended with a glacia l till t han in the s a me s and blended with 

a silt soil . 6 Results of other c ontrolled experiments notably 

by Casagrande in 1929, Tabe r in 1952 , Bav.er in 1956 , and by 

Grim in 1950 and in 1965 , have illustrated very convincingly 

the movement of various types of p9.vement slabs J ft. square 

resting on different kinds of soil contained in specia lly 

constructed boxes in which the water supply was regul~ted. 

These resea rche r s found that the maximum heave of slabs laid 

on silt vs ried from 2 . J to ) . 8 inches , wherea s the heave of similar 

7 slabs l a id on fine sand was but from 0 . 02 to 0.13 inches . 

Thus, according to their results , i t appears that under natural 

fre e zing conditions and wi. th sufficient water sup9ly one s h o~1ld 

expect considerable ice segregation in nonuniform soils containjng 

more than J percent of grains smaller th an 0 . 02 mm . and in ve ry 

uniform soils containi.~g more than 10 percent s~~ller t han · 0.02 mm. 
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No ice segreg~tion was observed in soils containing less than 

1 percent of grains smaller th qn 0.02 mm., even if the ground­

water level was as high as the frost line. 

When making a careful analysis of the results from many 

different laboratory-controlled studies, tt appears that the 

great difference in heBve, at approximately equal percentages 

by weight of soil grains finer than 0.02 mm . is largely due to 

the greater percentage of collodial-clay sizes present in various 

silt and glacial till soils. It should also be emphasized that 

the chemical composition of these clay sizes exert a great 

influence on ice segregation as we shall observe later in this 

essay . Thus, speaking in general terms, the test results 

available on this particular variable of frost heave concerning 

the general consensus that well-grRded soils with less than 

J percent , by wei ght, finer than 0.02 mm. are not frost susceptible, 

has proven to be a useful rule but that other factors, such 

as the chemical characteristics of the fines must be c onsidered 

in recogniztng frcst susceptible soils with a ccurF.tcy or in 

predicting the intensity of ice segregation which may be 

expected under various roadway constructions or in soil ' layers. 

(2) ~e~t~ Qn_Effec~ Of_CQm~ac1iQn_ 

In a given soil, dry density (dry unit weight) is a soil 

property which may be used to study the combined effects of 

such physical soil characteristics as permeability , void size, 

and internal structure on ice segregatton. 
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Increasing the dry unit weight of a soil by compaction decreases 

the void size but also decreases the permeability thereby 

controlling the rate of growth of ice lenses. The data 

rendered by the Frost Effect Laboratory, showed that frost 

heaving in silt soils increased with an increase in the 

original dry density and the same trend was indicated in 

experiments dealing with till soils . The most interesting 

result of these compaction tests is that there appears to be 

"one critical density " at which frost action occurs most readily, 

while at higher and lower densities the action is not so 

8 
pronounced. Test results on effects of compaction by other 

soil mechRnics engineers conclude that there appears to be one 

arrangement of the soil particles which might be called the 

"one cri t iC8_l dens i. ty" thqt resql ts in the most favourable 

combina tion <i>f permeability and capillary actioYJ and encourages 

ice growth within the soil fabric . 9 Although several theories 

have been suggested to explain the "one critical density" 

phenomenom it is quite evident that many additional tests 

are needed. before final conclusions CJ'Ul be made concerning the 

effect of degree of compaction on percent f rost heave. At the 

present time however, it can be asserted with certainty that 

percent heave may either increase or decrease with increase in 

original density and the effect of density change may be small 

or large, depending upon the density range researched and the 

characteristics of the particular soil in question. 
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(J) ~ffeQt_Of §i~e_And_P~rQent_Stone_on frQst Heav~ 

(4) 

It should be notPd that the additton or extraction of 

even a small number of stones (2 to 4 inches in diameter) in 

even a small sample can affect considerably the designqted 

overall percent , by weight, of sizes finer than 0.02 mm. The 

presence of stones in a soil gr~dation may reduce frost heave 

bec~use of increased rat8 of frost penetrR.tion d1.1.e to the 

h i.gher thermal conducti v•i J;y _of rock, the smaller amount of 

volumetric and latent heqt in the soil mass, the reducea ~ 

10 overall permeA.b1_lity. T~st results from cold room studies 

on specimens of sandy gravel demonstrated clearly that with 

increase in the maximum-s ized stone from i in. to 2 inches in 
11 

diameter, a decrease in frost heave followed. Other research 

works from different laboratory studies applied a reversed 

approach to the one mentioned above, ~nd showed that progressive 

increase in percent frost heave accompanied decrease in maximum 

size and percentage of stone. 1 2 

Penetration Of 32°F Temnerature - - - - - - - - - - - - .t..: - - - -
It is common knowledge that in nature heat flows from the 

air to the soil when the ai r is the warmer and from the soil to 

the air when the air is the cooler. When the air temperature 

drops below the freezing point , frost penetrates the ground . 

The greater the drop in air temperature and the greater the 

thermal cond.uctivity of the ground the fA.ster the penetration 

occurs. The gre~ter the specific heat of the soil the slower 

is the nenetrat~0n of the frost, the thermal conductivity 

remaining constant. 
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The s~eed and denth of frost penetr~tion in subgrades depend 

also on the heat characteristics of the pRvement or other 

road surf~ce and base course. In the cold-room laboratory, 

the rate of penetration of the J2°F temperature into the soil 

samples was obtained from daily tempera ture records. However, 

a peculiarity common to all specimens was noticed. The J2°F. 

temperature after progressing into the sample for a distance 

of 2 to 4 inches suddenly receded, generally from 1 to 2 inches 

1aefore proceeding downward again . Regular recurrences of this 

phenomena and close check of temperRture measuring e 1uipment 

indicated that the temperature recession is the result of changes 

occurring within the soil specimen durin g the fre ezing process . 

I t w~s concluded tha t this phenomenom was due tofue release of 

latent he8t of fusion when tre soil moisture begins to freeze a t 

the top of the ma~j>\te . as a result of some triggering g.ction, 

after having b e come subcooled to below the norma l free z~_ng 

point . Another important observation was that heaving commenced 

only after t~e tempera ture recession had occurred. 1J 

(5) !emp~rEt~r~ Be!w~en Frgz~n_Ann_Unf£o~en ~oil_ 

The freezing point of soil moisture in the various soils 

tested was obt~ined by determining the tempera tures at the 

bounda ry of the frozen and unfrozen layers. These temperatures 

were obtained by interpolation between thermocouple readings taken 

i ~mediately prior to remova l of the~mples from the cabinets at 

the completion of the tests. The temperqture data indicated that 

soil moisture in the soils tested freezes at tempera tures 

ranging from 29.1°F to J2°F, with the lower values occurring 
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1n silty and clayey soils . One of the reasons why soil moisture 

will not freeze lJ.ntil temperqtures below 32°F, have been rea cl':ed 

particularly in clayey soils is that the nature of water next 

to an adsorption surface of clay is quite different than the 
I 

water which is adj~cent to a layer soil particle. This phenomenom 

will be illustra ted in the following detailed account of the cl~y 

fraction s in soils. 

6) Sp2_c_1_.<:tl Ref.er:er:cg_ :!:o_The_ Cl~\Y. E:_r§.c11.Qn_ 

Within the last 25 years the occurre nces and properties of 

the clay-mine r8l components of soil materials and the characteristics 

of cl g.y - mi ·I'1Ar81 - wate!"' systems lJ."l. ve been tbe subject of ve ry mn.ny 

resenrches . .~. realiza tion of the si gn ificant role that cl:=1y minerals 

pl~y in every aspect of soil studies h~s brought on the development 

of a s pec i~lized study c R.lled, Clqy Colloid Chemistry. 14 

It is e~-ne rally :1 g r-eed by almost A.ll s oil scientists, 

particularly in the fi e ld of Clay Colloid Chemistry, that most 

soil m~terials are c omposed essentially of extremely small,usually 

colloid sized, crystalline particles of one or more minerals that 

he.ve been called "clay mt n'=ra ls 11
• Some clay minerals a re 

equ td imens i ona l and flake - shnped , othe rs a re e)iongate - and ·. lath~or 

needle-s haped , and s ome appea r to be tahular. The surface of the 

clay minera ls provides the ma jor adsor-ption surface in soil 
' 

materials , a n1 the ad s orption f eA.tures tot<I!'lrds wat er and various 

ions and or~qnic molecules v ~ry for the different clay minerals. 

There are tHo f a ctors regqr d tng frost E!Cti on in c lqy 11 ~.ne-rals 

particularly pertinen t to a consideration of the influence of the 

clay JT. t ne r rlls . 
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1. Taber's works has shotrn that frost heaving is due to the 

growth of ice crysta ls rather t han to a volume change accompanying 

a change in sta te. An increase in the size of ice crystals requires 

that · the growing crystal be fed by a supply of water, that is, 

there ~u st be movement of water through the soil material. On 

freezing , soil material often shows segregation of ice masses 

1n~o layers which re1u1re T. ovement of wa ter to the point of 

segregation. The growth of ice layers in very fine-grained 

soils such as t he clays as f a r as I can ascertain, appears to 

de pend u~on maln l y t hree phys ical facts: 

1. Particle s of capillary water c ontalned in the larger 

soil pores freeze a t either normal or sli ghtly less t han 

normal te mper a ture s, s~y, - 1 . to -4°C. (J0-23°~ ). 

2. Pa rticles of c ohesive wa ter c ontained in much s::r.alle r 

soil pores r esist fre e zlng a t te mpe r qtures consiriernbly 

lower t han -4°C (2J°F). 

J. During the process of freezine, particles of capilla ry 

wate r a ttract from 8dj acent fine capilla ries t he fil ms of 

16 cohesive wa ter which individ ually do not freeze . 

Ftt;,-·ure 5, 6 , and 7 ~ 11ustrate th~t when dr;;u.;n into 

c ontact with ex i sting ice crystals , the cohesive 

moisture changes t o the capillary va riety and free zes 

and thus increases t he size of the existing c~ystals . 

Cont inuation of this proces s causes the ice crysta ls to 

increa se in t h ickness as long a s they a re being suppl ied 

with eit he r capilla ry or c ohesive mo isture t h r011.gh the 

fine c a p i l laries fr0m t he gr oul!d- water sUpply below. 
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The force with which the frozen particles attract the 

unfrozen ones is according to Taber, and Grim, sufficie!lt 

to lift a column of water almost 500 ft. tn length. 17 

Water that forms crystals, however, may be drm'ln from 

any adjacent pocket as well as from the ground water. 

Figure 8, illustrates the occurrence of frost crystals 

and thin ice sheets frequently observed on clay ro~ds 

that are more or less rutted. It has been obs e rved 

both in l aborAtory controlled and field studies t hat 

ice crystals on the surface of clay sotls wtll be 

lonf er th::m on t hose soils whtch contain less clay . 

CompRcted clay soils will however, conta in few e r frost 

cryst.qls a t the S 1Jrfa ce than a stmilqr soil in a less 
18 

compa cted s t~te. Intensive l abora tory studies pe rformed 

by Grtm, Taber, and Hil l el have clea rly illu stra t ed 

that capillary pressure varies inversely with the 

diameter of the pores. The frictional resistance to 

flow through a soil is a function of the surface area 

of the sotl p9.rticles and conse1uently increases wtth 

a decrea s e in e r a in size a t a muc~ grea ter r ate t han 

does the capilla ry pressure . Therefore, it mus t follow 

t ~at in or der to suppl y capi llary moisture in detri mental 

ar.10unts, the pore size mus t be small enough to furni sh 

appreciable cap illA.ry pressure , but large enough to 
19 

prevent too rn·.tc h f r iction<ll r e s i.s t.g,nce to flo..-J. 

2. The second factor in wr.jch clay is ve~; pertine nt to frost 



heave is one that students of agriculture soils have known for 

some time - that a certain percentage of water held by soils does 

not freeze at modera tely low ternpe ratures. 20 This phenomenom 

suggests that water held in soil pores of all sizes and in soils 

of all kinds may not all have the sa me characteristics. 

Grim's well known laboratory and field studies have illustrated 

that water directly adjacent to an ad sorption surface, that :ts 

to say, a clay mineral s•...trface, in a soil is likely to be in a 

different physic81 s tate than the water in the centre of a fairly 

large pore. The two corr.u:on but very different clay types of 

Montmorillonite and Illite is often used to exemplify t his point . 

In montmorillonite, ads orption water :pene tra tes between the 

individual molecular laye rs, and as a c onsef}uence such ma terial 

has tremend ous adsorpt i on surface and enor~nous water adsorpti on 

Page 16 

cap?City . The t heoretica l total adsorption surface of montmorillonite 
. 21 

is computed to be Boo sq. me ters per gram. Hany laboratory studies 

utilizing x-ray diffraction and electron microscope t echniques 

have presented structural evidence thRt the water molecules 

ads orbed on rr.ont'11orillonite surfaces shoN a crysta lline configur a tion. 

In montmori llonite all the basal plane surface s, which provide 

almost all the surface area , possess structural chRracteristics 

whi c h seem to fRvour par t tculRrly the development of a c rystalline 

configurA.t ion i!1 the ~.;atPr molecules i rnrnedi8 tely ad jacent to it, 

therefore the soil wat e r wo,lld he held by the mont:ror1llon1 te c lay 

and not be flutcl or rr.ohtle . Grtm , r.as offered cor: v1ncing evidence 

that the water tn~tially adsorbed is r !gi d rqther than mob ile or 
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fluid and that at vB.ry t ng d~_st8.nces from the adsorbed surfa ce the 

rigid wa ter c hanges to l iquid wa ter. Figure 9, represents 8. 

diagrammatic sketch of the condition of the water in the plastic 

and non-plastic states. 22 
. .n.J)f\ _ ~t~st~c.. stde 
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Mont ~orillonite has h t gh adsorption for certain cations, anions, 

and organi c molecules. These adsorbed ions are held on the 

adsorb :ng wa ter sur f a ces. The extremely signtftcant f a ct is t ha t 

the chqr8ct~r of the 8.dsorbed ion to a ve r y co n s~d er8.ble degree 

controls the perfection of the configuration of the water molecules 

and the th~_ ckness of the wa t e r l aye rs, and as a conse1uence exerts 

an enormous influence on the properties of clay-wa ter systems and 

hence on frost develo~ment . 

In Ontario and in the New England St8.tes ,the most common c lay 

mi nera l found by f a r, is illite. See fi gure 1 0 , for the ap~rox imate 

percent a ge s of different Cl'3.y types in S8ils of Onta rio and New 

EnglB.nd . Illite soils contain adsorption surfa ces whtch have a 

structure configuration likely to foster the development of orienta t ion 

in adj acent water :nolec '_lle s . Somewh a t more adsorbed wa ter wou l d 

be immobilized in illite clays than in kaoli~tte c lay , but the total 

quantity wo:tld still be re l a t ively Sr.'qll as c ompar ed to rron t :r.orillontte 

clays . 
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As a result, at relatively lO\'l wa ter content illite clays would 

be expected to contain flui d wa ter. Illtte clays are not impervious 

and show readily the concentra tion of water in ice layers upon 

fre e zing. 23 

Soil materials composed of j_ll tte clay-m\nerals have an ion exchange 

of only about ~ to ! t hat of montworillontte soils. This 

phenomenom is due to a 13 ree degree to the geologic age of the soil 

and in the manne r in which sotl weathers. It must be remembered 

that the soils of Ontar~o a nd of the New England region are 

approxima tely 15 to 20, 000 ye qrs old , being \nfluenced to a gr eqt 

extent by a r ecent g laciation period, the ·.·Jisconsin. 24 Therefore, 

the weathering f ac tors have not had the time re quired to enable 

the s e quentiRl de velcpment of ill ~ te cla.y to the mont morillonite 

type. 25 Figur e 11, illustr~t~s t he difference between illite and 

mont morillonite clays. 
Mof\..tmw~Llon.~~e. (F1h.03' SSi~·S"·i~h.O) is h~d.,ou.s ~ l u l'l\ ~'1\..t.twv 
..S~L~c.~t e.,t'rl~ Cr-~~lt q.,e.{o'(rt\:~ol ot~\.l\c:.o.. t ~ i bb~.:t e. ~tT'S 
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The influence of various cations in illite would be expected to 

be less than that for mont morillonite, but considerably more than 

that for kaolinite. Many illite soils contain s~all amounts of 

montmorillonite interlam inated with the illite layers. These sma ll 

amounts of montmorillonite can ha ve an effect on phystcal properties 

out of all proportion to the amount actually present. This conclusion 

should also apply to frost action. A small amount of montmorillonite 

would greatly increase the amount of water i :nmobil ~zed part~. cularly 

if adsorbed sodium ions were present and as a result increase the 

impermeability and decrease the tendency for water to concentrate 

in lee l ayers upon free zing , as previously shown in fi gur es 6 and 7. 26 

CCNCLUSION 

It s hould be emphasized that labora tory-c ont rolled studies 

c an only simul ::=t te n :::1 t ur 8.l field con1~tion to a certain degree . 

In recent years, particularly in the studies of soil physics 

and clay colloid chemistry, laboratory techniques have developed 

to a very high state of sophistication. But even when considering 

these technical adv e.ncements, the mos t serious students of soil 

sciences ad:n~t tha t they can, a t best only approximate the natural 

environment. Har1y laborRtory-c ontrolled studies hrwe been r::::. t ~er 

successful in expla in_:tng quanti t atively and quali t A.t i vely the 

variables tnfluencing frost ~ction pheno~ena in various soils. 

On the other hand, many resea rchers have had to disclose the fact 

that r.uch more test tnt; and instP.lmentation irnprcvement rr.us t be 

incorpor~ted into t :.-:eir analyses 1..,efore any satisfactory answe rs 

c an be displayed . A study of f r os t-actt on i n s oi ls s oon r eveRls t o 
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the soil student that there appears to be a variety of operations 

and process<::s worktng sirr.'...lltaneously t>Ji thtn the soil, both outs ide 

and w1 thin the soil that influence S'.lCh a phenorr.enon. Thus the 

laborat ory approach becoTes only one kind of a means by which .the 

frost actton Y-'henomenon can l;e understood. 
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