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INTRODUCTION 

In recent years, a large amount of research bas been 

done and material written on the stabilization of soils with 

hydrated lime. It baa been discovered that the addition of 

lime to a clay soil increases the strength of the aoil and 

makes the soil more friable, thereby increasing its workabili-

ty. Lime atabilized aoila are being used with increasing 

frequency as aubgrades beneath highway pavements and airfields. 

Many airfields and highway pavement• are located in regions 

where freezing and thawing is a serious problem owing to the 

destruo.tion of aubgrades and subsequent deterioration of 
pavementa. Pavement designs have been developed to minimize 

the deleterious effect of freezing and thawing, but most are 

expensive and not completely etteotive. On the other band, 

lime stabilization may be an economical approach to the prob-

lem of freezing and thawing. Reaearchera are finding that 

the addition of lime to a eoil increa•e• the soil'• durability, 

but how much the durability i• inoreaaed ie still an enigma. 

Research haa been done to detel"Jline the etteota of freezing 

and thawing after relatively few c7olea of freezing and thaw-

ing, but data are lacking tor long term freezing and thawing. 

The purpose ot this research 1• to investigate the be-

havior ot a lime stabilized aoil after extended period• ot 

freezing and thawing. 
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Specimen• were made containing o and 7 per cent lime. 

Halt the apeoimena were cured for two day• at l20°F and half 
the speoimena were cured for four days at 120°P to determine 
if the length of curing time has any etf eot on the unconfined 
oompreaaive strength of the soil before and after freezing 

and thawing. The •peo1aena were subjected to o, 5, 10, and 
15 cycles of open eyetem freezing and thawing, where one cycle 
oonsista of 24 hours in a deep freeze at 0°F and 24 hours in 

a 100 per cent h1lll1d1ty room at 70°F. An open aystem is a 
•ystem in which the water 1• free to enter and leave the 
system from an external source. The unconfined oompre•aive 
strength and the secant modulus were determined after freez-

ing and thawing. 



PROPERTIES OF LIME-CLAY MIXTURES --
The addition of lime to a clay soil result• in an amelio-

ration ot the clay obl:lracter1etios ot the soil. Liae affect• 

the plasticity, strength, and swell characteristics of clay. 
Atterberg Limits. Studies have shown that the addition 

of liae to a clay soil generally increases plastio limit and 

decreases liquid limit, resulting in a decrease in plasticity 

index. Reduction in plasticity index results in a more fri-

able soil which is easier to handle. (1, 2, J, 4, 5) 

Strength. The strength of a clay soil is increased by 

the addition of lime. 
Hilt and Davidson (5) found that the addition of lime 

increased the unconfined ooapress1ve strength af a montmor11-

lon1 t1o soil the largest amount. A kaoltnitic ao11 had a 

large strength inoreaee with the addition of 11••• but an 
illitio-ohloritio soil only ehowed a slight strength increase •. 

They found the existence of a lime fixation point (the point 

at which additional lime does not increase the plastic limit) 

of three per cent lime, but they discovered that strength in-
creased with the addition of lime beyond the lime fixation 
point. 

Jan.and Walker (1) discovered little change in plaetio 

propertiee by adding more than three per cent lime, but with 

the addition of five per cent lime CBR soaked value• increaaed 

more than 10 times. 



Althou1b the inoreaae ot strength in a clay soil with 
the addition of liae 1• apparent, there are several factors 
atf eottng the amount ot inoreaae in strength. The amount of 

caco, preaent in the 11•• affect• the strength of a liae-ao11 
•ixture. !he greater the amount ot caco3 preeent in the lime, 
the aaaller the etrength inoreaae, alnoe the Caco3 subtract• 
troa the amount of calciwa that can be ueed in lone tena poz-
zalanio strength reaction•. The length of curtn1 af:teota 

the etrength of aoil•lime mixtures. Anday (6), in studies 
at Charlotteav111e, Virginia, found that unconfined oompre•-
ai ve atren1th inoreaaea with the length ot field curing, but 
that two daya curing at U'.0°F will predict, within reasonable 

limit•, the unconfined ooapre•aive 1tren1th that can be de-
veloped b7 a ao11 at a time when tt is needed, i.e. about 40 
to 45 daya after conatruotion. 

The time between aixtn1 and ooapaotion 1ntluenoea the 
etrength of ao11-11ae atxturea. Taylor and Araan (7) di•-
oovered that liae bas an initial reaction taking plaoe during 
the first 48 to 71 houra after •ixin1, and a 1econdary reaotion 
whtoh atarta after the initial reaotion an4 continues in-

definitely. They report that when a stabilized ba1e 1• ooa-

paote4 within "8 hour• after mixin1, oe•entation take• plaoe 

and the whole base beooaes a hoaoaenoua •lab, wherea• delayed 

ooapaotion deneifie• the friable aaterial with no ceaentation 

an4 reault1n1 strength loss. 
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Jan and Walker (1) disoovered that increased oompactive 

effort results in greater strength tor a lime-clay mixture, 
and increases in compaotive effort are more effective tor 

stabilized than non-stabilized mixes. 

Swell. The addition ot lime to a clay soil decreases --
swell potential. Jones (8) found that the use ot lime re• 

duoe• expansive properties ot soil generally in proportion 

to the admixture used. 
Jan and Walker (1) state that the addition of hydrated 

lime to a clay soil reduces swell percenta1e appreciably. 

Herrin and Mitchell (4) obtained similar result•. 
Compaction !!-,!!! OJ?timUll Moisture. When oo:mpaoted with 

the same effort, a 11me-ao11 mixture has a lower 4en•ity than 
the same soil without lime, and ae the lime content inoreaee• 

the density tends to decreaee progreaaively. 
OptimUDl moisture tends to increase upon addition of 

lime to eoil (4, 12, 13). 



MECHANISMS .2!, _LIME--....-CLAY REACTIONS 

There are three reaot1ons that ooour with the addition 
ot lime to soil: carbonation, ion exchange, and pozzolanio 
reaotion. 

Carbonation. The oaloiwa in the lime reaote with car-
bon dioxide tro• the air to tora oaloiwa carbonate, a weak 
cementin& agent. Thia reaction eubtraota from the amount of 
oaloiwa which oan be used for pozzolanio reaction, the source 
of long term atrength. and may be deleterious to the overall 
strength ot the mixture. Some researcher• (24), however, have 
found a alight increase in the •trength of a silt soil which 
they believed was caused by carbonation. (4. 9) 

!!!!. Exchange. A baae exchange reaction occurs with the 
strong oaloiwa cations of the lime replacing the weaker 
metallic ions, such aa aodiwa and hydrogen, on the aurtaoe 

of the olay particle (4). Ion exchange :le said to cause 
flocculation of a olay •oil and ha• been suggested as an 
explanation tor the rapid amelioration etfeots ot liae, e.g. 
lowering of the plaetioity index, resulting in a more triable 
soil, increase in effective grain alze, and reduction in 

swelling (11). A more modern hypothesis auggeata the tonaa-

tion of calcium alwainates aa the cau•e of the amelioration 

efteote, ainoe moat eoil• in need of stabilization are 

naturally tloooulated. 

6 
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Pozzolanlo Reaction. Diamond and Kinter (11) postulate 
that ameliorative etteot• of lime on clay are due to an al•o•t 
1 .. ediate, but 11•1ted, ohem1oal reaotlon at the point• of 
contact between the edgea and face• ot primary clay particle• 
within the tlooe foraed by the noraal electrolyte efteot of 
added 11••· Ltae· react• with hydrou• alwaina to tora tetra-
oaloiua aluainate hydrate at the point• of oontaot between 
the edge• of one particle and the taoea of adjacent particle• 
in the card houae structure of the tloo•. Caloiua a111oate 
hydrate (tabermorite gel) a110 fora• at the•• point• but aore 
slowly over a period of aome boura. Poraation of very •mall 
quantitiea of theee oeaenttng products at the points of oon-
taot 1• thought to be auff1o1ent to etab111ze the floes and 
kn.it the partiole8 together ao that plaatioity, shrinkage 
and swelling are tnh1~ite4. The floes are bound together 
tightly enough to re•i•t dieperaion and aot aa single grain•• 

the oaloiu.m of li•e reaote with ailioatea and aluminate• 
in olay to fora a oaloium 1ilioate hydrate and a calcium 
aluainate hydrate, and it ta theae two reaction• 'Which g1Ye· 

the mixture tt• long tera atrength. (2, ,, 11) 



FREEZING AND THAWING - __ .....__ 

Freezin& and thawing can be put into two categories: 
open syetem and closed system. In open system aotion, water 
1& free to enter and leave the soil. Preasure efteota trom 

freezing in open aystem are due to growth of ice oryatals. 

Excessive heaving 1• caused by the segregation ot water aa 
it freezes. (14) 

Cloaed-system freezing and thawing does not permit the 
flow of water from an external source into the system. 

Pressures in thia system are thoughi to be generated by the 
reeiatanoe ot small pores to the flow ot water aa 1oe growth 
forces water through pores. The susceptibility of soil to 

freezing 1• thought to be dependent upon size and distribu-

tion ot pores and degree of soil saturation. Thia hypothesis 
is analogous to the one advanced by Powers (15) as the 

meobanism of freezing in concrete mortar. 
Silt •oils are thought to behave as an open system, 

whereas highly plastic clay •oila, due to their impermeabili-
ty are thought to behave as a olo•ed •Y•tem. The aotual 
aeohani•• 1• probably a combination of both open and cloeed 
eystem aotion. (16) 

Freezing Mechanisms !!!. Lime-Soil Mixtures. Calcium 
silicates fora in lime-soil mixtures as in portland oeaent 
(11). Townsend (17) auggeets that lime-aoil mixtures 

8 
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exhibit tbe •ame trends. aa tho•e of oement mortar• and aug• 
geeta the following hypotheeia: 

1. Addition ot lime causes flocculation. There are 
large pore• adjacent to the floes, and within the 
floes the pores are exceptionally small. 

2. Within the finer porea, as the calcium e111oate 
reaot1on progreeaes there i• an 1norea•e in the 
alkalinity of pore water due to the preaenoe of 

so4iwa and potaasiua hy4rox14ee, wbtoh depre•••• 
the freezing point below that normally encountered 

in highway condition•. 
s. Larger pores between floo• enable fluid to tlow 

more readily through the soil aa manifested by in-
creased permeability. 

4. Complex caloiUJll ai11cate reaotlon develops the 
usual oe•ent1ng agents, which bind the pore wall• 
together. Thie is a ai•ilar theory to that de• 

veloped by Diamond and Kinter (11). 
s. When the temperature 1• lowered below the depreaaed 

freezin1 point in the larger por••• toe for11atlon 
be&ina the u•ual volwae ezpan11on aa an ice oryatal 
1• termed and auction begina. The volume expaneion 

plaoea the remaining :tluld under a hy4raul1o gradient, 
vhioh oan be diaeipated through the increased perme• 

abilit1 ot the ao11. The aoil pore aote aa a r1g14 
oontainer and 111U1ediate expansion does not take 
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place. Eventually, available pore apace 1• tilled 

with ioe, exoeaa water i• diaperted to other part• 

of the system, and heaving is stopped as the ioe 

water interface is destroyed. 

6. It oementing aotion is not sufficiently developed, 

the hydraulic pressures generated may exceed the 

tensile strength of the pore structure. Due to 
rearrangement in pore geometry and loss of oonfine• 

ment of pore struoture, the induced suction is in• 

creased. Thie leads to ioe segregation, further 

volume expansion and deterioration. 

7. The interrelationship between permeability and 

strength is modified by tho degree ot saturation 

ot the sample and the freezing temperatures en• 

countered. If an appreciable number of unfilled 

pore• exists near the freezing front and the amount 

ot water which may be transformed into ioe is 

small, it will be easier for the hydraulic pressure• 
to be dissipated. 

Townsend's (17) theory suggests that if the mixture has 

adequate strength and permeability then it will be stable 

during freezing and thawing. 

Properties .2! Lime-Soil Mixtures Subjected !!. Freezin& 

~ Thawing. The addition of lime to a soil increases the 

durability ot the soil. Walker, Esmer, and Krebs (16) found 

that the largest strength loss suffered by stabilized 
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speoimena (60 p11 tor 10 per cent lime, five cycles, five day 

motet room treatment) resulted in a compressive strength 
roughly equivalent to non-•tabilized speo1mens not exposed to 

freezing and thawing. Eamer (18) stated that the addition 

ot lime greatly reduced the percentage strength lose of apeo1• 
mens exposed to either open or closed system freezing and 
thawing. 

Whitehurst and Yoder (21) found that tor a given lime 
content, lnoreased compaction results in increased resistance 
to freezing and thawing. These results were confirmed by 

Hoover, Bandy, and Davidson (19). 
Hoover, et al (19) found that clay and silt soil• gain 

strength more rapidly in freeze-thaw oyoles than they do in 

a continued moist cure. Townsend (17) and Esmer (18), how• 
ever, discovered that the strength of a lime-soil mixture 
decreased with increaaed oyoles of freezing and thawing. 

The porosity of a lime•aoil mixture has a profound in-
tluenoe on its strength. Jumikis (20) states that the 
amount ot soil moisture transferred upon freezing from 
ground water to the cold front is greater the leas the poro-
ei ty of the soil. Esmer (18) discovered that clay-lime 
mixture• decreaae in atrength as porosity 1noreasee. 

Davidson, Mateos, and Barnes (22) introduced a reeia• 

tanoe factor to aeaeure the durability ot a soil. The in-

dex of the re•i•tanoe of the effect of freezing (Rf) waa 

oaloulated from the formula: 
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where Pt 1• the unoontined compressive etrength ot the freeze-
thaw ape,o1men and P 0 ia the unconfined oompreaaive strencth 

ot a specimen not subjeoted to freezing and thawing. A limit• 
ing rea.iatanoe index (Rt) may be ueed aa a design ori teria. 



..... MA ... T..,.B.R...,I ... A.-.LS-. ~ PREPARATION 

The •oil wae air dried. pasaed throqh a No. 10 aieTe, 
placed in a Lo• Angeles Abraeion Machine tor 20 ainutee to 

break any large aggregate• present, brought to a ••i•ture of 
approximately ao per oent, eeale4 in a 'lupperware container, 

and allowed to oure OTernight. If lime wa• to be added to 
the soil, it waa then added, •ixed thoroughly, and allowed 
to cure tor three hour• in a sealed Tupperware container. 

Soil Propertiee. The aoll ueed in th1• •tudy was ob-
tained from a aite near the Virginia Teoh Airport, near 
Virginia Polyteobnio Inatitute, Blaotaburg, Vir11n1a. 'l'be 
eoil waa a highly plaatio yellowish brown olay and ita 

cbaraoterietioa, with anclwithout lime, are ahown in Table I. 
Except for ao11 preparation, density teete were per-

formed aooording to ASTM D1557-58'1', Method AJ •peoitio 

gravity teat aoeording to ASTM D85'-5SJ and th• pla•tio 
li•it and plaatioity te•t• aooording to AS'l'M D424•54T. The 
liquid liait teat• were run according to AS'l'M Dlt2:S-54f, with 
the exception that the te•t• were conducted troa the wetter 
to the dryer condition ot the aoil and the •oil wa• prepared 
as previously deeoribed. 

!he result• of the denaity te1ts are illu•trated in 
Figure 1. Figure S 11lu•trates the etteot of 11•• on the 

Atterber1 liaits ot the soil. 

lJ 
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fable I. Soil Charaoteriat1oe 

Lime bontent 
Soil Pro2ertie• 0 z 

Liquid Limit 89 12.s 
Plaetio L1ait 46 50.9 
Plaatioity Index It'.} 11.6 
AASBO Claaa1t1oat1on A-7-5 -
Opt1llWI Moisture 22~ 26~ 

Maxi•ua Dl")" Den11ty 99.5 pot 93.0 pot 
Speo1flo Gravity a.76 -



15 

100 

96 ----

(0% Limt) 

,-.... 

~ 
CH . ~ 

~ I 0 92 '--.. (7% Lim-;)f .0 

~ 
....-l ..._... 

;;..., 
~ 
•r-l 
00 88 i::: 
Q) 
0 
>. 
~ 
0 

84 ------ _____, __ 

80J.-~-1-~---1.~~-'-~---1.~~-'--~--'-~--..._~_,_~~·~~_. 

15 19 23 27 31 35 
Moisture Content (per cent) 

Figure 1. Compaction Curves. 



16 

90 = 89.0 

80 -;.;> 
s:::: 
~ 
0 

~ LL ~ = p. 70 .._.... 
;.;> 
s:::: 
~ 

;.;> 
s:::: 
0 PI 43.1 PI 21.6 u = = 
~ 

60 

I ~ 
::::1 

;.;> 
rn 

•r-1 
0 
~ 

50 
PL = 50.9 

PL = 45.9 

40 
0 7 

Lime Content (% of dry wt. of soil) 

Figure 2. Atterberg Limits. 



17 

Lime. Hydrated lime (CaOB2) was used in this study. 

The lime was manufactured by the National Gypsum Company at 

Kimballton. Virginia• and was sealed in double bags and kept 

in a dry looation throughout the entire study to prevent the 

formation of calcium carbonate (cuco3). 



PROCEDURES 

The prooedure• used to •anufaoture, freeze, and thaw 
the epeoimens are explained in this eeotion. 

Manufacturing !!!! Curing !! Samples. The soil was pre-
pared aa previoualy deeoribed, and ooapaoted according to 

Method A, ASTM Dl557-58!. Moisture deterainatione were made 
from the ehav1n&• taken from the top of the ooapaoted soil. 
The oompaoted soil was extruded from the mold, quartered, 

and trimmed on a soil lathe until the apeoimen had a diameter 

of approximately 1-3/8 inoh••• The •peo1•en vaa then out to 
the proper length (approxiaAtely 2•13/16 inches), and its 
length, weight, and diameter recorded. Saran wrap wae used 
to •eal the apeotaen, whioh waa then ooate4 with Protexo 
Cote, a atrippable protective ooating 118Dufaoture4 by Thermo 
Oote, Ino. The apeoiaen waa placed in a sealed Tupperware 
oontainer and plaoed in an oven to oure at 120°F. Sixty-two 
epeoiaene were made. Halt the specimen• were eured for two 
days, a tiae shovn by Anday (6) to 1tve results analogou• to 
40 to 45 daya ouring in the field, and halt the apeoiaena 
were oure4 tor four days. Seven per oent 11.lle by dry weight 
vaa a44e4 to 46 apeoimena and 16 apeo1aena contained no 11••• 

Freezin& .!!!! Thawing. Fifty apeoimena were subjected 

to freezing and thawing. Speoiaena were open at one end to 

provide the opportunity for open •Y•tena freezing. The epeoi• 
mena were plaoed on a moist sand layer in a deep treese unit 

18 
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tor 24 hours immediately after curing, and were then thawed 

in a 100 per cent humidity room at 70°F. for 24 hours to 

complete one cycle of freezing and thawing. A fan was placed 

in the deep freeze unit so that air blew down on the specimens 

and they froze from the top dottn. Thia procedure is similar 

to that described by Walker, Esmer, and Krebs (32). 

Sixteen specimens, oonta1ning 12 apeoimens with seven 

per cent lime and four speoimens with no lime, were exposed 

to five cycles ot freezing and thawing. Sixteen specimens 

of similar composition were subjected to ten cycles of freez-

ing and thawing. Fourteen apecimena, containing 10 speotaens 

with seven per oent lime and four specimens without lime, 

were exposed to 15 oyoles of freezing and thawing. Sixteen 

specimens were used as oontrol speoimens and tested illlDledi• 

ately after curing. Half the specimens of eaeh group were 

cured for 48 hours while the second half was cured for 96 
hours. 

Unoontined Compressive Strength. The unconfined ooa-

pressive atrength was determined tor each speoimen after o, 
5, 10 and 1.5 oyoles ot freezing and thawing. The strength 

was taken as the largest stress withstood by the specimen. 

Loading rate was o.o; inches per minute. The secant modulus 

waa obtained by dividing the peak 11trees by the oorr•sponding 

strain. 



llESULTS 

Unoontined oo•pre••ive atrength teat• were run on all 
epeoi•ena. The reaulta pre••nted here are in the to:rm of 
unconfined ooapreeaive etrength and aeoant ao4ulua. Moisture 
content data an4 etatlatioal analyeie are alao 1noluded. 

Unconfined Co•preaaive Strensth. All apeoi•ena were 
te1ted tor unoontined oompreeeive 1tren1th after o, 5. 10 

and 15 oyolea of treeaing and thawina. 
!able II ehowe the average unconfined ooapreea1ve 

•trenath of •peolaena after varioua oyolea of freezing and 
thawing. Liae inorea•ed the unconfined oompreaeive atren1th 
ot the aoil •• 11&n1feate4 in fable II and turther illustrated 
in Figure 3, which 1nolu4ea values tor both two and four day 
curing and ia a plot of average unoontlne4 oompre1aive 
strength againat per oent 11••• The unoonfined oompreeaive 
atrenath inoreaaed troa 263 pat to 316 psi, an lnoreaae ot 
24 per oent. 

Speoiaen• were oure4 for both two and tour daya, but a 
atatietioal analyal• ot variance (aee Appendix A) ahowe4 
that there waa no appreoiable 41tterenoe in the unoonf1ne4 
oompreaatve atrength of the 1peoiaene oure4 for two or tour 

d&Y•• 
r1111re 4, a plot ot oompreaaive atrength again•t oyolea 

ot treeztn1 an4 thawing, enable• the reader to obaerve the 
etteot ot oyole• ot freezing an4 thawing on the apeoi•ena. 

20 
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Table II. Average Unconfined Coapreaaive Strength 
(psi) of Speoimene Cured tor Two and Four Daya. 

Daya of Per Cent Cycles of freezing and Thawing 
Curing Lime 0 ' 10 

2 0 266 0 0 

2 7 276 ,., 0 

" 0 260 0 0 

4 7 :;76 6:; 0 

Notes Each average value of o per oent lime was 
deteJ'Jlined from two epeoimena, and eaoh 
average value of 7 per cent lime was 
determined from aix apecimena, vith the 
exception of the 15 cyole value which was 
determined from five specimens. 

15 
0 

0 

0 

0 
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Cyolea ot treezina an4 thawing have a profound intluenoe on 
the unoontine4 oompreaa1ve etrengthe ot apeolaena. Soil con-
taining seven per oent lime lost s3.6 per oent ot its •trength 
after ttve cyoles of freezing and thawing~ So11 without liae 
loat 100 per cent of it• strength after five oyole• ot treez-
1n& and thawing. Ten O)'Ole• of freezing and thawing deatro_yed 
all atrength of the eeven per cent ao11-11me mixture. 
Pigurea 5, 6, 7 and B show &8Dlplee after variou• oyclea ot 
freezing and thawing. Although Pigure S. i• a photocraph of 
a apeoimen •1th eeven per oent lime and two ctaya ourin1, it 
aay be taken as repretentative for all •peoimens ae there 
waa no visible difference in the epeo1mena after curing. 
Figures 6 and 8 ahow a marked ditterence between seven per 
oent aoil-11•• •ixturee after five and ten oyole• ot freezing 
and thawing. The eeven per eent 1011·11me aixture. after 10 
oyole• of freezing and thawing, had deteriorated to such a 
degree that the apeoiaen could not hold it• original ahape 
(see Figure 8), whereaa a s1a11ar •ixture after five oyole• 
of freeztn1 and thawing he14 its original ahape and aan1-
feate4 1'ta only via1ble aip ot deterioration in the form 
of a hairline fracture in the upper section of the aa•ple, 
clearly viaible in Figure 6. Obviously the li•e••oil apeo1-
••n• tailed ooapletely between five and ten oyole• ot freez-
ing and thawing, and 1t is recommended that additional work 
be done to determine the exact number of oyolea tor 4eatruo-
tion. No photograph• were taken of a •peoiaen with zero 
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per cent lime after five c7ole• of freezing and thaw1n1, but 
a great deal of deterioration waa preaent and there waa a 
vaat difterenoe between a a&11ple with zei-o per oent liae, 
wh1oh oould not be handled without falling apart, and a aaa-
ple with seven per cent lime. 

The addition ot lime inoreaae4 the durability of the 
aotl. Speotaen• with aeven per cent liae did not loae their 
atren&th until after five oyolea of freezing and thawing, but 
apeoiaena without 11ae failed between zero and five cycle• 
of freezing and thawing. At five cycle• of freezing and 
thawing, apeoimens containing aeven per oent lime bad an 
average unoonfined oompreaaive etrength of 5% pai and apeoi-
aena without li•• had zero pai atrength. Theae re•ulta are 
illuatrated in Figure 9. 

Secant Modulus. The aeoant aodulue 1• a mea•ure of 
ao11 atiftneae, with the atiffer apeoiaen having the higher 
aeoant modulua. A •titter ••11 will deflect leaa than a 
aoil with l••• •tittneaa, a property beneficial in eubbaaee 
tor rigid paveaent, and tor thi• rea1on the •ecant aodulua 
ot almost every epaoiaen was ooaputed. The results are 
presented in table III. 

Examination of table III reveal• that per oent of liae 
had a definite influence on the secant aodulue ot speo1mene. 
Figure 10, a plot of the average eeoant ao4ulua against the 

per oent 11••• show& that the addition of aeven per cent 
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Figure 9. Effect of Per Cent Lime on Unconfined 
Compressive Strength of Soil After 
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Table III. Average Secant Modulus (psi) ot Specimens Cured 
tor 48 Boura. 

bays of Per eent Cycles Of Freezing ana f6awing 
Curing Li•e 0 ~ 10 12 

2 0 1965 0 0 0 

2 7 5452 1983 0 0 

4 0 2197 0 0 0 

4 7 9208 322lt 0 0 

Note: The average for zero per cent lime was computed 
troa two values, the average for seven per cent 
lille at zero oyolea of freezing and thawing was 
computed from aix values, and the average for 
aeven per cent at five oyoles of freezing and 
thawing was oomputed from five values. 
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11•• ra1aed the •eoant •odulua tro• 2169 to 7330, an 1noreaae 
ot 238 per oent. The re•ulta tro• four and two day ourtng 
were 1noluded in Figure 10. 

There was no appreoiable ditterenoe 1n eeoant modulus 
between un•tabll111ed •peoimene oured tor two or four daye, 
but a atati•tioal analyaie ot variance •bowed that length of 
curing atcht bave an etteot on aeoant modulua apeoiaena oon-
tainin& aeven per oent lime at a level ot •1&n1f1canoe ot 
0.10 (••• Appendix A). Examination ot Table III reveal• an 
1noreaae 1n aeoant aodulua with inorea•ed ouring. and a de-
oreaae in aeoant modulus with inoreaaed oyolea of freezing 
and thawing. 

Moiature. Table• IV. V, and VI •how reault• of aoia-
ture dete:na1nat1ona. The table• reveal an inoreaae in mo1•• 
ture with inoreaaed oyolee of freezing and thawing. The 
exaot amount of moiature inoreaae oould not be determined 
beoau•e the aample• loat aoi•ture during curing and aoi•ture 
determination• oould not be taken after ouring except tor 
the control •peo1men1. 
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Table IV. Moi•ture Content (per cent) ot Specimens Without 
Lime. 

eyolea of Roieiure eontent 
Freezing & Daya of Before After After Preezln1 
Thawing Curing Curing Curing and Thawing 

4 27.5 21.s 
4 27.5 

0 
2 27.5 
2 27.5 

4 27.1 :S9.2 
4 27.1 39.5 
2 27.1 
2 27.1 

4 29.1 46.9 

" 29.1 42.6 
10 

2 29.1 54.7 
2 29.1 52.:s 

4 24.9 
4 24.9 

15 
2 24.9 
2 24.9 



Table v. Moisture Content (per cent) of Speoimena Containing 
Seven Per Cent Lime Cured tor Two Days. 

Cyclee of 
Freezing and Thawing 

0 

5 

10 

15 

Detore 
Curing 

29.2 
29.2 
29.4 
29.4 
29.% 
29.4 

Moisture Content 
After Atter Freezing 
Curing and Thawing 



table VI. Mol1ture Content (per cent) of Speoimena Containing 
Seven Per Cent Lime Cured tor Four Daya. 

Cyolea of 
Freeslng and Thawing 

0 

' 

10 

15 

le lore 
Curing 

Moisture content 
Atter Alier PreeziDg 
Curing and 'fbawing 



POSSIBLE MECHANISMS OF DESTBUCTION DUE TO 
FREEZINfi AND 'fiii\VfRU - ------.-.--....-. ........... 

The unstabilized specimens probably behaved as an open 

system, 1.e. ioe lenses formed, attracted water and grew to 

auob proportions that they destroyed the 1truoture and 

atrength ot the apeoimena. The unstabilized •peoimens loat 
their strength before five cycles of freezing and thawing 

and showed a large inoreaae in moisture after five oyoles 

ot freezing and thawing (aee Table IV). The above faota 

auggeet the rapid formation ot ioe lenaea. 

The stabilized specimens possibly deteriorated aooord-

ing to Townaend•• (17) theory. Small tloos form with the 
addition of lime to a clay soil. There are large pores ad-
jaoent to the small pores within tloca, and when the tempera-
ture drops below the freezing point of water in the large 
floos, toe begins to form. The ioe formation oreatee hy-

draul1o preaaurea aa the pores reaiat the flow of water. 

Jf the hy'draulto preaeurea exceed the ten•ile strength ot 
the pore wall&, the pore walls oollapae and the pore 1• en-
larged. An ioe erystal begins to form, suction takes plaoe, 

and ioe segregation deatroya the •trength of the •peoimen. 

Aooording to Townsend'• theoey, destruction is due to a 

combination of hydraulic preaaurea and toe segregation, and 

not just ioe segregation alone. There 1• evidenoe to support 

this tbeoey. A specimen after tive cycles of freezing and 

thawing loat etrength but atlll held its original shape as 



ehown in Piaure 6. Examination of Table• V and VI •hows 
that the atab111zed apeo1mens did not gain muoh moi•ture 
after five oyele• of treezlnc and thawing, but gained oon-
siderable aoisture atter ten cycle• ot :rrees1ng and tha111ng. 

The •peoiaen• loat all. their atnngth after ten oyole• of 

freezing and thawing aa 11lu•trated in Figure a. The eta• 
bili•ed •peoiaena ••Y have lost atrength at five oyole• due 
to hydrau11o preaaurea, ainoe the apeoimena •till retained 
their ehape and did not gain much molature. Soaetiae after 
five oyolea of treezlnl and thawing, ioe leneea began to 
tora and a reaultlng increase tn aoiature and deorease ln 
aample strength and ahape oe~urred. Further study 1~ needed 
to oonftra whether or not Town•end'• theory appliea to th1• 
lime-soil mixture. 



SUMMARY 

The results obtained from this study are summarized as 
follows: 

1. The addition ot seven per cent lime to a lodi clay 

soil inorea•ed the plaatio limit, decreased the 

liquid limit, lowered the plasticity index, raised 

the optimum moisture content and deoreaaed the dry 

density with compaction. 

2. There was no appreciable difference in unconfined 

compressive strength• between two or four day 

curing for either stabilized or unstab111zed 

apecimena. 

;. Cycles of open •Y•tem freezing and thawing had a 

profound influence on the unconfined compressive 

strength of the speoiaena. Specimens containing 

seven per cent lime by dry weight lost an average 

ot SJ.6 per oent ot their a~rength after five 

cycles of freezing and thawing. Sp-.cimene without 
lime lost 100 per cent of their strength after 

five cycles o:t freezing and thawing. 

5. The durability of the aoil waa increased by adding 

lime. Specimens containing aeven per cent lime 

failed between five and ten cycles of freezing 

and thawtna, but apeoiaena without lime failed 

before tive oyolea of freezing and thawing. 
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6. The addition of lime increased the unconfined 

compressive strength of the compacted lodi olay 

soil after curing. 

7. There was no appreciable difference in secant 

modulus between unstabilized specimen• oured for 

two or tour days, but a atatistical analysia of 

variance showed that the length of ouring may 

affect the secant modulus of stabilized speoimena. 

Four day curing increased the secant modulus of 

atabilized speoiaens over values of specimens 

cured tor two days. 
a. Liae addition increased secant modulus. 

9. Secant modulus decreased with increasing cycles 

of freezing and thawing for all apeoimena. 

10. The samples, both stabilized and unatab111zed, 

gained moiature with 1ncreaaing oyole• ot freezing 

and thawing. 

11. Since all speoimena bad acoeaa to water, un-

atab111zed epeoimens poaeibly tailed beoauae ot 
ioe segregation, but •tabilized apeoi•ena possibly 

tailed because ot a combination of hydraulic 

preaeure• and ice segregation aooording to Town-

send' a (17) theory. 
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Analyeis 2! Variance !! Determine !! Len5th !! Curing 
!!!!. ~ Efteot !!!. Unconfined Compreasive Strength 

An analyets of variance teat was performed on the data 
presented in Table VII to determine it there was an appreci-
able difference in unconfined compressive strength of speci-
mens cured tor two or four days. The reaults and procedure 
of this test are presented below; 

Ytj2 = 1, 382, 199.70 

G2 863, 3;2.32 re = 
Tt2 

884, l62.53 c • 

SSTO'l' • YiJ 2 G2 581,867.:58 - re= 
88Treat = T12 o2 

c -~-
where 

r = Number of columns. 
c = Number of rows. 

Y1J 2 • Sum of the aquares. 
o2 a The BU• equared. 

21,030.21 

Ti2 • SUll of the columns squared. 
The above symbol• apply to the data preaented in Table 

VII. 
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Table VII. Unconfined Compressive Strength (psi). 

Two Days Curing Four Days Curing 

2)% 376 
190 -385 

254 457 
254 301 

351 '.551 

'.570 :S85 

'.51 100 

88 63 

39 26 
31 48 

25 9.ft 

53 46 
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Table VIII. Analyeie ot Variance Table tor 
ttnoontined Compreaalve Strength. 

Sum of th«!J Degrees Rean 
Source Square• Freedom Sguared 
Treat 21,030.21 1 21,030.21 

Error '697,837.17 92 a2,62a.96 
Total 51s.s67.3s a:s 
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F MS. t 21,0~0.21 929 0 • Irea = 22,6 a.96 m ' 
MSError 

F 10 1 22 = 2,95 . ' , . 

Since .929 ia lees than 2.95, there is no appreciable 
difference in the unconfined compressive strength due to 
length of curing. The level of significance used in this 

teat waa 0.10. 



Analysis !! Variance !2. Determine !! Length 2', Cur1ug 
Baa an Etf eot on the Secant Modulus - - ,_, - .__......, ............................... 

An analye1a of variance test waa performed on the data pre-

sented in fable IX to determine it there wa• an appreolable 
difference in •eoant modulu• of apeoiaens oured for two or 
tour daya. The procedure and •Yllbol• are the same aa u•ed 
for the unconfined oompre••ive strength te•t, and the re-
aul t• are presented below: 

Ytj2 • soo,795,719 

!12 c • 628,140,056 

G2 
~ • 590,592,,,, 

SSTOT D 210,203,166 

SSTreat • 37,547,503 

Table X ia the analyeia of variance table and the final 

re•ult• derived troa ~able X are •hO'WD. below: 

Fo • 4.:S5 
Fo.10, 1, 20 = a.97 

Sinoe 4.35 i• greater than 2.97 we oonolude that there may 
be a difference in aeoant aodulu• at a level of •1cn1f1oanoe 

0.10 due to len1th of curing. 
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Table IX. Secant Modulus (psi). 

ho Days auring four Days Curing 

3895 9394 
%226 8554 
4624 91%3 

6358 5466 
S:S95 11,690 

8211 10,998 

1565 3340 

2505 2505 

1565 1925 
2505 3758 

1774 %591 



51 

Table x. Analysis of Variance Table tor Secant Modulu•. 

Sum ol the Degrees Jlean 
Source Squares Freedom Squared 

Treat 37.547,503 1 37,547,503 
Error 172,655,66:; 20 8,632,783 
Total a10,20:;,166 21 



EFFECTS OF EXTENDED CYCLES OF OPEN SYSTEM 
FREEZING AND THAWING ON A CLAY-LIME MIXTURE 

by 

Raymond Stewart Tyler 

Abstraot 

The purpose ot this study waa to evaluate effects ot long 

term open system freezing and thawing on unconfined compres-

sive etrength of a lime-olay mixture and determine if length 

ot curing baa appreciable effect on strength and durability 

of the mixture. 

Soil specimens were made by compacting the soil slightly 

above optimum moisture, quartering the extruded soil, using a 

lathe to bring the specimen to 1-3/S inohe• diameter, and 

cutting specimens to 2-13/16 inohea. Specimens were cured 

for two and four daye, one halt being curing tor two days 

and the other halt being cured tor tour days. Specimens con-

taining zero and seven per cent lime were placed in open 

system freezing and thawing tor o, 5, 10 and 15 oyolea of 

freezing and thawing, where one cycle consisted ot 24 hours 
in a deep freeze unit and 24 hours in a 100 per cent hwaidity 

room at 70°F. 
Unconfined compre1eive •trengthe were determined tor 

all samples after freezing and thawing. 

Results from the teats indicate the following: 

1. Lime inoreaaed the strength of the olay soil used. 



2. Lime increased the durability of the soil. 

J. There waa no appreoiable difference in unconfined 
ooapreeaive strength tor •tab111zed or unatab111zed 
speoimens cured for two or four day1. 

4. There was no appreciable difterenoe in secant 
modulus between two or four day curing of un-
a tabi l ized specimens, but prolonged curing in-
creased the secant modulus of atab111ze4 epeoimena. 

5. Lime increased the aeoant modulus ot specimens. 
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