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The objectives of this investigation were to determine the effect 

of pulverization on the strength, durability and swell characteristics 

of a lime stabilized clay soil. Samples were prepared with three dif- 

ferent gradations which represented the pulverization of the soil. 

Maximum clay lump sizes of 3/4 ", 1/2" and passing #4 sieve were 

used for the three gradations. Samples were prepared with lime 

contents of 4% and 8% of the dry soil weight. The clay soil was 

classified as A -7 -6 (20) in the AASHO soil classification system. 

All samples were compacted using a kneading compactor at the 

moisture content producing the maximum stabilometer R value. The 

samples were cured in air tight containers at 105° F ± 3° F for ten 

days and then cured for an additional four days at 105° F ± 3 °F at a 

relative humidity of 100 %. At the end of the curing period the uncon- 

fined compressive strength, swell pressure and stabilometer R value 

of the samples were determined. Stabilometer R values were also 

.- 



determined for samples after 24 hours soaking and after one and 

three cycles of freezing and thawing. 

Results showed that pulverization significantly affected the 

strength, durability and swell characteristics of the samples. The 

stabilometer R value of samples containing well pulverized soil was 

significantly higher than the R value of samples containing larger 

unpulverized clay lumps. The unconfined compressive strength was 

similarly affected. The durability of the samples containing well 

pulverized material was much higher when determined following 24 

hours of soaking or following either one or three cycles of freezing 

and thawing. Swell pressures of samples containing larger clay 

lumps were many times greater than the pressures exerted by the 

well pulverized samples. The higher lime content caused substantial 

improvement in the properties of the samples. 
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THE EFFECT OF PULVERIZATION ON A 
LIME STABILIZED CLAY SOIL 

INTRODUCTION 

It is generally recognized that the addition of lime to clay soils 

will reduce the plasticity index, increase the unconfined compressive 

strength and improve the load bearing capacity. Much research has 

been performed on lime treated soils to evaluate the variables affect- 

ing the engineering properties of the soil. Generally, this research 

has been directed toward the determination of the mineral reactants 

or the determination of the lime content -strength characteristics. 

Only in recent years has significant research been performed 

to measure other engineering properties of lime stabilized clay soils. 

Very little work has been done to determine the effect of pulverization 

on lime stabilized soils. 

The National Lime Association (1965) recommends pulverization 

requirements of 100% passing the 1" sieve and 60% passing the #4 sieve 

after final mixing. Many states have similar requirements. The 

pulverization achieved during construction operations will depend 

upon the type of soil, water content, equipment used and type of lime 

pretreatment. In many field conditions it is virtually impossible to 

meet the pulverization specifications, regardless of construction 

methods used. Most laboratory research is performed on material 
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passing the #40 sieve. As discussed by Hoover (1965) laboratory 

procedures are not always reproducible in field conditions. 

It is important to evaluate the effect of pulverization both from 

a design as well as a performance standpoint. The pulverization of 

the soil should not be specified if it does not significantly alter the 

characteristics of the stabilized material. On the other hand, the 

effect of pulverization should be thoroughly evaluated if it significantly 

alters the strength or durability of lime stabilized soil. 
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REVIEW OF LIME STABILIZATION 

This report will deal primarily with the effect of pulverization 

on the strength and durability of lime treated clay soil. Many other 

factors affect the engineering properties of stabilized clay soils 

including soil type, lime content, water content, compaction and 

curing. The influence of each of these factors will be briefly dis- 

cussed. 

Soil Type 

Lime stabilization is most effective when used with clay soils. 

Lime causes little improvement in the engineering properties of silts 

or sands, which can be more effectively stabilized with cement. 

Lime produces the greatest improvement in heavy or "fatty" clays, 

often elevating unsuitable soil to acceptable subbase material. 

Generally, montmorillonite and kaolinite clays can be more effectively 

stabilized than illite clays (Hilt and Davidson, 1960). Soils from the 

B and C horizons react more readily with lime than soils from the A 

horizon (Hilt and Davidson, 1960). Lime does not stabilize soils 

containing more than 3% organic matter (Thompson, 1966). 

The effect of lime on clay soils may possibly be related to the 

cation exchange capacity. Grim (1962) indicated the various minerals 

possessed the following general base exchange capacities expressed 
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in milliequivalents per 100 grams: 

Montmorillonite 80-150 me /100 gr. 

Illite 10- 40 me /100 gr. 

Kaolinite 3- 15 me /100 gr. 

Test results by Gates (1965) indicate a relationship may exist 

between stabilometer R values and base exchange. Results by Remus 

and Davidson (1961) show a correlation between unconfined compres- 

sive strength and base exchange capacity. Diamond and Kinter (1965) 

on the other hand, suggest that no direct relationship exists between 

lime stabilization and the base exchange capacity of the soil. 

Thompson (1966) also states that cation exchange is not significantly 

correlated with lime reactivity. 

The effectiveness of lime stabilization on a soil is dependent 

upon the percentage of clay size particles in the soil (Thompson, 1966). 

The National Lime Association (1965) recommends that soil should 

contain a minimum of 15% passing the #200 sieve for effective stabili- 

zation. Mateos (1964) states the soil should contain a minimum of 

15% smaller than two microns. 

Lime Content 

Results by Hilt and Davidson (1960) show that lime content used 

in stabilization should be based on the soil type. Their results show 

there is an effective range of lime content which will cause an increase 
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in the strength of clay soils. A minimum lime content must be added 

before an improvement in the unconfined compressive strength will 

occur. A maximum lime content will be reached where a further 

increase in the lime content will not produce a corresponding increase 

in strength. The results show that all gains in strength occur between 

the following lime contents: 

Montmorillonite 3% to 6% 

Illite 1% to 3% 

Kaolinite 1% to 4% 

Hilt and Davidson further state the minimum lime content 

required to produce an increase in the unconfined compressive strength 

of the soil can be determined by the plastic limit test. Adding lime 

will raise the plastic limit up to a definite lime content. Above this 

lime content, no change in the plastic limit will occur. This lime 

content is defined as the lime retention point. Lime must be added 

to the soil in excess of the lime content at the lime retention point 

before an increase in the unconfined compressive strength will occur. 

Hilt and Davidson recommend the following general equation to deter- 

mine the approximate lime retention point for montmorillonite clay: 

L=35 +1.25 

where; L = lime content expressed as percent of dry soil weight 

k = percent of clay particles smaller than two microns 



6 

Eades and Grim (1960) studied the reaction of lime with pure 

clay minerals. Their results agree with those of Hilt and Davidson 

and show increases in unconfined compressive strength will occur 

between definite lime contents. The results also show that decreases 

in strength may actually occur when small amounts of lime are added 

to the clays. Lime content in excess of 6% was required to raise the 

unconfined compressive strength of montmorillonite clay above that 

of the untreated clay. The addition of 2% lime to illite clay caused 

a 75% reduction in the unconfined compressive strength compared to 

the untreated soil. The results by Eades and Grim showed increases 

in unconfined compressive strength for pure clay minerals occurred 

between the following lime contents: 

Montmorillonite 4% to 10% 

Illite 4% to 8% 

Kaolinite 2% to 6% 

Eades and Grim also state that sodium montmorillonite requires 

a higher lime content than calcium montmorillonite for maximum 

increase in compressive strength. 

Results by Gates (1965) also indicate a range in lime content 

which will produce an increase in stabilometer R values. Gate's 

results indicate higher lime contents are required for maximum 

stabilometer R values in clay soils than in silty -clay soils. 
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Moisture Content 

Addition of lime to a clay soil will normally cause an increase 

in the optimum moisture content accompanied by a decrease in the 

maximum density (Davidson, 1961a). Lime contents as small as 1% 

may cause a significant increase in the optimum moisture content. 

The optimum moisture content will increase with increases in lime 

content up to a specific lime content. Above this lime content, no 

significant increase in the optimum moisture content will occur when 

additional lime is added to the soil (Mateos, 1963). 

The optimum moisture content; that is, the moisture content 

producing maximum dry density may be significantly different than 

the moisture content producing maximum unconfined compressive 

strength. Adding lime may also cause a significant change in the 

shape of the moisture- density curve (Goecker et al. , 1956). 

Mitchell and Hooper (1961) investigated the effect of moisture 

content on lime stabilized clay soils. Their results show: 

a. Volumetric expansion was small when the sample was 

compacted at the optimum moisture content or on the wet 

side of the optimum moisture content. 

b. Volumetric expansion was large when the sample was com- 

pacted on the dry side of optimum; the drier the sample the 

larger the expansion. 
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c. The unconfined compressive strength increased when 

samples were compacted dry of optimum and decreased 

when compacted wet of optimum. 

d. The maximum unconfined compressive strength following 24 

hours soaking occurred at the optimum moisture content. 

Lime stabilization is effected by the initial moisture content. 

More complete pulverization of the soil is obtained in drier soils 

(Hoover, 1965). Lime migration into unpulverized clay lumps may 

be assisted by the movement of water into the lumps (Davidson, 

Dimirel, and Handy, 1965). This water movement could be related 

to the water content and soil suction. 

Curing 

The improvement in the engineering properties of stabilized 

soils depends upon the curing temperature, length of curing and water 

available during curing (Anday, 1961). Increasing the temperature 

will accelerate the curing process of lime treated soils. Chu et al. 

(1956) show the unconfined compressive strength is increased when 

the samples are cured at higher temperatures. Their tests obtained 

an unconfined compressive strength of 800 psi for samples cured at 

140° F for 180 days. The data also indicate that the samples cured 

at elevated temperatures did not experience significant increases in 

strength after 14 days. Data by Anday (1961) indicate curing at 120° F 
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for two days is comparable to 45 days of curing in field conditions. 

This is in close agreement with the results obtained by Chu et al. 

Goecker et al. (1956) show that there is almost no difference in 

the unconfined compressive strength of samples cured in closed con- 

tainers compared to samples cured at a relative humidity of 100 %. 

Chu et al. (1956) also state that unconfined compressive strength is 

independent of the humidity during curing. 

The amount of water required will increase for longer curing 

periods. Clay soils require longer curing periods than silty -clay 

soils cured at identical temperatures (Eades and Grim, 1960). 

Goecker et al. showed more complete curing will cause substantial 

improvement in the ability of samples to withstand cycles of freezing 

and thawing. 

Compaction 

Increasing compactive effort increases both the strength and 

durability of lime treated soils. Increased compactive effort results 

in larger increases in unconfined compressive strength in clay soils 

than in silty -clay soils (Hoover, Handy and Davidson, 1958). Results 

Hoover, Handy and Davidson indicated the unconfined compressive 

trengt i of samples compacted by the modified AASHO method was 

'3.0% higher than samples compacted by the standard AASHO method. 

emus and Davidson (1961) showed that increasing the compaction 

by 
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effort from standard to modified will more than double the 28 day 

unconfined compressive strength in all types of clay soils. 

Hoover, Handy and Davidson (1958) showed that an increase 

in the compactive effort from standard to modified will cause a sig- 

nificant increase in the durability of lime treated clay soils when 

subjected to either cycles of wetting and drying or freezing and 

thawing. 

A delay in compaction following mixing will adversely affect the 

strength, durability and swell characteristics of lime treated soils 

(Mitchell and Hooper, 1961). The percentage decrease in the strength 

and durability of the soil is dependent upon the length of delay in 

compaction. A 24 hour delay in compaction may cause a 30% reduc- 

tion in unconfined compressive strength of clay soils and comparable 

reductions in compressive strength following soaking (Mitchell and 

Hooper, 1961). Greater flocculation of the soil occurs when compac- 

tion is delayed which causes a reduction in density. Decreased 

density due to flocculation is the main factor causing reduction in 

unconfined compressive strength. 
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Soil 
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For this project a natural soil, known locally as Dixon Creek 

clay was used for all tests. The soil was a very sticky, black clay 

which contained no rocks or visible organic matter. The soil sample 

was taken at a depth of 2' to 3' below the ground surface. The soil 

sample was classified as A 7 -6 (20) in the AASHO soil classification 

system. Figure 1, page 18, shows the gradation of the soil. A 

specific gravity of 2. 68 was determined for the soil. The Atterberg 

limits were 62.5 for liquid limit, 31.5 for plastic limit and 31.0 for 

plasticity index. Differential thermal analysis results of similar 

samples taken from the same general area indicated the soil was 

montmorillinite clay, 

Lime 

Commercially available Flintkote brand hydrated lime con- 

forming to ASTM designation C207 (type S) was used for all tests. 

The lime was stored in air tight containers prior to use to maintain 

f esimess. _....a 



TEST METHOD 

Preparation of Clay Soil 
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The natural soil was first forced through a #4 sieve. The 

material retained on the #4 sieve was wasted. The soil was then 

placed in open trays and dried in an oven at 120° ± 10° F for 

approximately 24 hours. The dried soil was then pulverized by hand 

using a wooden mallet. The pulverized soil was separated on three 

sieves and stored in covered containers for later use during the 

test. The soil was separated into the following soil fractions: 

a. Passing 3/4" sieve and retained 1/2" sieve 

b. Passing 1/2" sieve and retained #4 sieve 

c. Passing #4 sieve 

The unpulverized clay lumps larger than the #4 sieve were 

very hard, subangular particles. 

The properties of the dried soil were determined in accordance 

with the following standard AASHO test methods: 

Liquid limit T 89-60 

Plastic limit T 90-56 

ecific gravity T 100-60 

Mechanical analysis T 88-57 
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Preparation of Samples 

Soil samples were prepared with two lime contents. Lime 

contents of 4% and 8% of the dry soil weight were used for all tests. 

Three soil gradations were used for the soil samples as shown 

in Figure 1, page 18. The pulverization of the samples was defined 

by the soil gradation. The soil gradations used in the test were: 

a. 60% passing #4 and 40% passing 3/4" and retained 1/2" 

b. 60% passing #4 and 40% passing 1/2" and retained #4 

c. 100% passing #4 

All samples were mixed by hand with a metal spoon in a 12" 

plastic bowl. The soil and lime were first dry -mixed for one minute. 

Water was then added and the material was mixed for an additional 

five minutes. The materials were weighed separately to the following 

accuracy: 

Soil passing #4 ± O. 5 gram 

Soil retained #4 ± 1.0 gram 

Lime ± 0. 1 gram 

Water ± O. 5 gram 

Samples were prepared at the water content producing the 

stabilcmeter R value. Figure 3, page 19, indicates the 

results of moisture -stabilometer values determined for two grada- 

tions and two lime contents. A moisture content of 30% was used for 

:naxi: .yam 
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all samples containing 100% passing the #4 sieve and a moisture 

content of 28% was used for all samples containing 40% unpulverized 

clay lumps. 

Compaction 

Immediately after mixing, all samples were compacted in 

accordance with the California test method 301 -F, except for the 

following modifications. The entire soil lime mixture was placed in 

the 4" diameter mold at one time and compacted. The material was 

not compacted in "lifts" in order to minimize crushing of clay lumps 

by the compactor foot. An effort was also made to distribute the 

clay lumps evenly throughout the specimen. The compactor follower 

ram was first placed on top of the material and four "leveling blows" 

of 30 psi (soil pressure) were applied. The follower ram was then 

removed and 20 applications of the compactor foot at 110 psi (soil 

pressure) were applied directly to the specimen, rotating the 

specimen 60° after each application. When the compactor foot 

penetrated more than 1/8" into the top of the specimen, the applied 

pressure was reduced until the sample could withstand an applied 

load of 110 psi. After 20 blows were applied to the top of the sample, 

the mold was reversed "end- for -end" and an identical compactive 

effort was applied to the bottom of the sample. 



15 

Curing 

After compaction, the samples were sealed in air tight plastic 

bags. The sealed samples were cured for ten days at 105° F f 3 °. 

At the end of ten days the samples were removed from the plastic 

bags and allowed to cure for an additional four days at 105° F at a 

relative humidity of 100 %. All samples were cured 14 days prior to 

testing. 

Testing 

Six separate tests were performed on the samples as shown in 

Table 1, page 17. Two samples were prepared for each test condi- 

tion. A total of 72 test specimens were prepared. The following is 

the procedure used for each of the tests. 

a. Unconfined compression test: The samples were tested for 

unconfined compressive strength at a constant strain rate 

of 0,05 inch /min. The unconfined compressive strength 

was defined as the maximum unit load carried by the sample. 

b. Freeze -thaw test: Samples were subjected to either one or 

three cycles of freezing and thawing. One cycle of freezing 

and thawing consisted of 24 hours of freezing at 10° F f 

10' F and 24 hours of thawing at 70° F ± 5 ° . At the end 

of the freeze -thaw test the R value of the sample was 
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determined in accordance with the California test method 

301-F, part V. 

c. Soaking test: the R value of the samples following 24 hours 

of soaking in water were determined in accordance with the 

California test method 301 -F, part V, 

d. Expansion test: The expansion pressure of the sample was 

determined in accordance with the California test method 

301-F, part IV. 

e. Control samples: At the end of the fourteen day curing 

period the R value of the samples were determined in 

accordance with the California test method 301 -F, part V. 
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Table 1. Summary of test results. 

Test 
Lime 

Content 

Pulverization 

100% < #4 
60% <#4 
40% 1/2" X #4 

60% < #4 
40% 3/4" X 1/2" 

R Value 
(Control samples) 

R Value after 
1 freeze -thaw 

cycle 

R Value after 
3 freeze -thaw 

cycles 

R Value after 
24 hours 
soaking 

Unconfined 
Compressive 

Strength, psi 

Swell 
Pressure, 
psi 

4% 

4% 

8% 

8% 

4% 

4% 

8% 

8% 

4% 

4% 

8% 

8% 

4% 

4% 

8% 

8% 

4% 

4% 

8% 

8% 

4% 

4% 

8% 

8% 

93.2 
92. 1 

91.5 
89.7 

91, 5 

91.5 
89.1 
89.8 

92.2 
92.6 
83.4 
95.3 

33. 4 

42.0 
63.6 
63.0 

360 
378 

442 

454 

b 

b 
17 

19 

83.0 
84, 0 

85.0 
86.0 

68.0 
68.0 
76.0 
73.0 

57.5 
60.5 
74.0 
77.0 

a 

a 

60.3 
60.7 

152 

208 
227 
237 

b 
b 

18 

25 

81.0 
73.0 
79.0 
78.0 

64.0 
55.0 
61. 0 

70.0 

68.0 
60.0 
72.0 
68.0 

a 

a 

57.5 
a 

141 

155 

140 
202 

b 

b 

36 

43 

aSample disintegrated during soaking 

°Greater than 50 psi 
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Liquid limit 

O Plastic limit 

C 2 4 6 8 10 

Lime Content, Percent 

12 14 

Figure 2. Effect of lime content on liquid 
limit and plastic limit, 

O 8% lime, 100% < 4 

A 8% lime, 60% < 4 

4% lime, 60% < 4 

Moisture Content, Percent 

Figure 3. Effect of moisture content 
on R value, 

Q 

O 

20 35 
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Figure 4. Effect of pulverization on R value. 
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Figure 8. Effect of pulverization on R value following 
24 hours soaking for samples with 8% lime 
content. 
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RESULTS AND DISCUSSION OF RESULTS 

General 
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All test data indicate pulverization affects the strength and 

durability of the lime treated clay samples. The degree of the pulver- 

ization of the soil affected the unconfined compressive strength, 

stabilometer R value and expansion characteristics of the samples. 

The effect of pulverization was greater on the unconfined compres- 

sive strength than on the stabilometer R value. The durability of 

samples, as affected by cycles of freezing and thawing, was much 

higher for samples composed of well pulverized material than the 

durability of samples containing larger, unpulverized clay lumps. 

The effect of pulverization on durability following 24 hours of soaking 

was less conclusive. The swelling of the samples was dependent upon 

the size of the clay lumps. Samples containing larger unpulverized 

particles exhibited much larger swelling pressures. The test results 

are summarized in Table 1, page 17. 

Comparison with Other Test Results 

The National Lime Association (1965) recommends that 100% 

pass the 1" sieve and 60% pass the #4 sieve. Many state specifica- 

tions contain similar pulverization requirements. The inclusion of 



24 

such requirements apparently is based upon field observations of 

lime treated subgrades which performed satisfactorily, rather than 

laboratory testing. Hatano (1968) stated that no research has been 

performed by the California Division of Highways to determine the 

effect of pulverization on lime treated soils. Mateos (1964) stated 

that no research has been performed at the Iowa Engineering Experi- 

ment Station to determine the effect of pulverization on lime treated 

soils. 

The only major testing of pulverization was performed by 

Davidson, Demirel and Handy (1966) who determined the unconfined 

compressive strength of standard proctor samples 4.0" by 4. 6" con- 

taining various percentages of clay lumps. Samples were prepared 

with clay lumps comprising 20, 40, 60 and 80 percent of the total 

sample weight. Clay lumps were defined as material passing the 1" 

sieve and retained on the #4 sieve. 

The results showed that the unconfined compressive strength of 

the samples containing 20% unpulverized clay lumps was 20% higher 

than the samples containing 80% unpulverized clay lumps at the end 

of 14 days curing and 13% higher at the end of 90 days curing. 

Davidson, Demirel and Handy theorize the gain in strength of the 

unpulverized samples was caused by a migration of the lime into the 

clay lumps and suggest that, with time complete stabilization would 

occur in unpulverized soils, The test determined only the unconfined 
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compressive strength and did not measure the durability or expansion 

of the samples containing unpulverized clay lumps. 

Unconfined compression test data obtained in this test disagree 

with the results obtained by Davidson, Demirel and Handy. The 

unconfined compression strength of all samples containing unpulver- 

ized clay lumps was much lower than samples with 100% of the 

material passing the #4 sieve. The samples containing 3/4" clay 

lumps had unconfined compressive strengths 60% lower than samples 

containing well pulverized material with either 4% or 8% lime content. 

Samples containing 1/2" clay lumps had unconfined compression 

strengths 40% lower than samples containing well pulverized material 

with either 4% or 8% lime content. 

Both tests employed comparably sized clay lumps, similar 

curing conditions and similar lime contents. The two tests had dif- 

ferent compactive efforts and different sample sizes. In neither of 

the tests was the criteria satisfied that the sample height be greater 

than twice the diameter. 

Durability 

The durability of the soil samples was measured by determining 

R values before and after cycles of freezing and thawing and before 

and after 24 hours of soaking. Figures 6, 7 and 8, pages 21 and 22, 

show the results of the durability tests, The durability of the samples 
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was affected by both pulverization and lime content. 

Samples containing material with 100% passing the #4 sieve 

experienced very little reduction in strength for either one or three 

cycles of freezing and thawing. The samples with 100% passing #4 

sieve with 4% lime content experienced an average reduction in R 

value from 93.1 to 91.5 after one cycle of freezing and thawing, fol- 

lowed by an increase in R value to 92. 4 after three cycles of freezing 

and thawing. Samples with the same pulverization and 8% lime content 

showed a reduction in R value from 90. 6 to 89.5 following one cycle 

of freezing and thawing. After three cycles of freezing and thawing 

the average R value was still 89. 4, however, one of the two samples 

had an exceptionally low R value of 83. 4. 

Samples with unpulverized clay lumps experienced much larger 

reductions in strength after cycles of freezing and thawing. Samples 

containing clay lumps with 4% lime content suffered larger strength 

reduction than samples containing 8% lime content. In all but one 

case the samples subjected to three cycles of freezing and thawing 

had higher R values than samples tested after one cycle of freezing 

and thawing. The gain in strength with increasing cycles of freezing 

and thawing was probably due to the additional four days of curing for 

the samples subjected to three cycles of freezing and thawing. 

Walker and Karabulut (1965) evaluated the effect of freezing and 

thawing on lime treated clay soils by measuring the unconfined 
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compressive strength after five and ten cycles of freezing and thaw- 

ing. Their results show that reductions in strength occur during the 

first few cycles of freezing and thawing, and then increases in 

strength occur, despite additional cycles of freezing and thawing. 

Davidson (1961a) suggests the effectiveness of lime in resisting 

cycles of freezing and thawing can be measured by the resistance 

index. The resistance index, Rf, is simply the ratio of strength 

after freezing to the strength before freezing. The resistance index 

for the freeze -thaw samples tested are shown in Table 2, 

Table 2. Resistance index (Rf) of samples subjected to one and three 
cycles of freezing and thawing. 

Pulverization 1 Cycle 

4% lime 

3 Cycles 1 Cycle 

8% lime 

3 Cycles 

100% < #4 

60% < #4 
40% 1/2" X #4 

60% < #4 
40% 3/4" X 1/ 2" 

98% 

82% 

77% 

99% 

69% 

82% 

99% 

89% 

85% 

99% 

89% 

89% 

The resistance index values emphasize the fact that pulveriza- 

tion and lime content significantly affect the durability of stabilized 

clay soils. It should also be noted that durability can be improved 

more by increasing pulverization than by increasing the lime content. 

Trial samples were subjected to more than three cycles of 
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freezing and thawing. Two samples containing 8% lime and 3/4" clay 

lumps were effectively destroyed after five cycles of freezing and thaw. 

ing. Two samples containing 4% lime and 100% passing the #4 sieve 

suffered no apparent destruction after ten cycles of freezing and thaw- 

ing, 

The results of the soak test are less conclusive. Five of 

the 12 samples disintegrated during the 24 hour soaking period, How- 

ever, it is worthwhile to note that the two samples with 4% lime content 

which did not disintegrate were the samples with 100% of the material 

passing the #4 sieve. All samples with 4% lime content and unpul- 

verized clay lumps disintegrated during soaking. 

The samples with 4% lime and 3/4" lumps disintegrated in a 

matter of minutes. When these samples were placed in the water, 

the soil crumbled from the sides, leaving a loose conical shaped pile 

of material with no apparent strength. A very small amount of 

material crumbled from the sides of the samples with 1/2" lumps. 

The samples retained their original shape, but fell apart when lifted 

from the soaking water. Only one sample containing 8% lime content 

disintegrated prior to testing. The failing sample contained 3/4" 

maximum particle size and fell apart when lifted from the water. 

The samples with 100% passing the #4 sieve suffered no apparent 

destruction due to soaking, During stabilometer test loading, however, 

these samples had unusually high reduction in height accompanied by 
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large bulging of the sides and excessive drainage of water from the 

bottom of the sample. 

The reductions in R values following 24 hours soaking were 

comparable to the reductions in unconfined compressive strength 

following 24 hours soaking measured by Anday (1961). 

Trial samples were subjected to more than one cycle of wetting 

and drying. Two samples containing 100% passing the #4 sieve were 

destroyed after four cycles of wetting and drying. Two samples con- 

taining 1/2" clay lumps disintegrated during the second soaking cycle. 

Moisture Content 

Figure 3, page 19, indicates the effect of compaction water 

content on the stabilometer R value. The following factors are 

apparent from the figure: 

a. A water content of 28% produced the maximum R value in 

the samples containing 4% lime with 60% of the material 

passing the #4 sieve. A water content of 28% also produced 

the maximum R value in the samples with 8% lime and 

similar pulverization. 

b. A water content of 30% produced the maximum R value in 

the samples containing 100% passing the #4 sieve. 

c. A change in the water content of plus or minus one percent 

of the optimum caused less than a one point reduction in the 
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R value for all samples. 

d. The R value decreases rapidly above the water content 

producing maximum R value. Samples with high moisture 

content were incapable of supporting the 110 psi pressure 

used to compact the samples. Much lower compaction 

pressures caused plastic flow of the material. 

The initial moisture content of the soil prior to mixing was 

9. 4 %. The relatively dry condition of the clay lumps probably had 

significant effect on the test results. The clay lumps would absorb 

water from the sample which may have been needed by the lime, thus 

causing incomplete reaction of the lime. Secondly, the absorbtion of 

water by the clay lumps could cause a reduction in the moisture 

content of the lime -soil mixture. Results by Mitchell and Hooper 

(1961) showed that dry samples experienced large volumetric 

expansion and large reduction in strength following soaking. The 

dry condition of the clay lumps would explain the large expansion 

pressure and low strength following soaking for samples containing 

unpulverized clay lumps. The expansion of the clay lumps, when 

placed in the soaking test, may have been large enough to cause 

destruction of the stabilized lime matrix surrounding the lumps. 

Results by Hoover (1965) on an actual construction project 

showed initial moisture contents for clay soils between 9. 2% and 

18.0% with an average moisture content of 13.2% for all samples 
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tested. The moisture content of 9. 4% for the clay lumps may be 

very detrimental to the lime stabilization, bar may, nevertheless, 

be representative of actual construction conditions. 

Lime Content 

Figure 2, page 19, indicates the effect of lime content on the 

plastic limit and liquid limit. No increase in plastic limit occurs 

above a lime content of 6 %. The plasticity index of the soil is 

reduced from 31.0 with no lime to 2.0 with a lime content of 6 %. 

The lime retention point of the soil as defined by Hilt and 

Davidson (1960) is seen to be a lime content of 6 %. This would mean 

that the lime content of the soil would have to be greater than 6. 0% 

to cause an increase in the soil strength. The clay lumps effectively 

increase the lime content of the fine portion of the soil by causing 

a larger concentration of lime in the fine soil portion. Pietsch and 

Davidson (1962) suggest the equivalent lime content of the soil is 

proportional to the material finer than the #40 sieve. If the effective 

lime content is determined as the original lime content divided by the 

percentage of material passing the #40 sieve, the equivalent lime 

contents for the samples would be as shown in Table 3. 

The unpulverized clay particles larger than the #40 sieve are 

surrounded by a stabilized clay matrix containing an effective lime 

content from 22. 2 % to 72. 6 %. 
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Table 3. Equivalent lime content of samples. 

Pulverization 4% lime 8% lime 

100% < #4 22. 2% 44. 5% 

60% < #4 40% 1/2" X #4 36.4% 72. 6% 

60% < #4 40% 3/4" X 1/2" 36.4% 72. 6% 

Results by Hilt and Davidson (1960) and Eades and Pietsch (1960) 

show that a reduction in unconfined compressive strength may occur 

when too much lime is added to the soil. Results by Gates (1965) 

also indicate that stabilometer R values may decrease above definite 

lime contents. This could explain the reduction in strength which 

occurred when the lime content was increased from 4% to 8% in the 

samples with 100% passing the #4 sieve. 

Increasing the lime content from 4% to 8% caused very small 

changes in the R value. However, increasing the lime content from 

4% to 8% increased unconfined compressive strength, improved 

durability and reduced expansion pressure. 

Curing 

All samples were cured in air tight containers for ten days at 

105° F and then opened to the atmosphere and cured for four days at 

105° F and 100% humidity. A test was performed on six samples to 
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determine the effect of humidity on curing. Samples containing 4% 

lime content and 1/2" lumps were tested for stabilometer R value 

following one cycle of freezing and thawing for the following curing 

conditions: 

a. Two samples cured at 105° F in air tight containers for 

14 days. 

b. Two samples cured at 105° F and 100% relative humidity 

for 14 days. 

c. Two samples cured according to test method. 

The stabilometer R values for all samples ranged between 72. 2 

and 77. 4. The samples cured in sealed containers for the full 14 

days had slightly lower R values than the samples cured by the other 

two methods. The samples cured by the test method and those cured 

open to the atmosphere for the full 14 days had almost identical R 

values. The freeze -thaw test results were apparently unaffected by 

the curing method. No tests were performed to determine the effect 

of the curing method on expansion pressures or stabilometer R 

value following 24 hours of soaking. 

Cracking 

Cracks appeared in all samples. The number and size of the 

cracks was influenced by water content during compaction, method of 

curing, lime content and pulverization. The size of the cracks was 
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most influenced by pulverization. The samples with 100% passing 

the #4 sieve had only hairline cracks. Samples with 1/2" clay lumps 

had cracks approximately 1/16" wide, while the samples with 3/4" 

clay lumps had cracks approaching 1/8 ". The width of the cracks in 

all samples was slightly larger in samples with 4% lime content than 

in samples with 8% lime content. Cracking was minimum in samples 

compacted at the moisture content producing maximum R value. 

Three cycles of freezing and thawing caused a slight increase in the 

size of the cracks in the samples with 3/4" clay lumps. 

Roughness 

The "d" term in the R value equation takes into account the 

roughness of samples. Normally the "d" term varies between 2 and 

5. The samples in the test had values ranging between 3. 9 and 7.8. 

Control samples with 100% passing the #4 sieve had values between 

3. 9 and 6. 3. Following three cycles of freezing and thawing, 

comparable samples had values between 3. 2 and 5. 4. The control 

samples with 3/4" clay lumps had values between 5.0 and 7. 4. Fol- 

lowing three cycles of freezing and thawing, comparable samples had 

values between 6.2 and 7.8. 

All samples with unpulverized clay lumps had higher "d" 

values following freezing and thawing. The rough condition of the 
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samples could reduce the effectiveness of the R value equation as a 

measure of the sample strength, 

Requirements of Test Method 

Any laboratory test should duplicate field conditions. Present 

test methods duplicate field conditions with questionable adequacy. 

The AASHO standard soil cement freezing- thawing and wetting - 

drying tests are commonly used for lime treated soils. These test 

methods employ either 12 cycles of freezing and thawing, or 12 

cycles of wetting and drying. Neither of these soil cement tests 

proved to be an effective method of evaluating lime treated soils used 

in this project. 

The unconfined compressive strength after 24 hours of soaking 

is another commonly used test. Soaking was again very destructive 

to the samples with 4% lime content used in this project. 

All of the above tests have been criticized as being overly 

destructive to samples, and hence, not representative of actual field 

conditions. Efforts have been made to develop new test methods 

exclusively designed for lime treated soils. The California Division 

of Highways has proposed a sand soak test coupled with a double 

variance analysis to evaluate lime treated soils. The Iowa Engineer- 

ing Experiment Station has developed a modified freeze -thaw test 

which is widely used in Iowa. 
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New test methods are needed which can accurately evaluate 

the expected performance of lime treated soils. In addition, much 

more research is needed to adequately evaluate the many variables 

affecting the behavior of lime treated soils so that design and con- 

struction can be based on test data rather than "rules of thumb." 
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CONCLUSIONS 

All test results indicate pulverization significantly affects the 

properties of lime stabilized soils. 

a. Samples containing well pulverized material had higher 

stabilometer R values than samples containing larger 

unpulverized clay lumps. 

b. Samples containing larger clay lumps experienced greater 

decreases in R value following cycles of freezing and thaw- 

ing or following 24 hours of soaking than samples composed 

of well pulverized material. 

c. The expansion pressure was much smaller in samples 

composed of well pulverized material. 

d. The unconfined compressive strength was much higher in 

samples composed of well pulverized material. 

The results indicate that improved subbase materials would be 

obtained with more thorough pulverization, consequently, contract 

specifications related to the construction of lime stabilized sub - 

grades should define the required degree of pulverization of the soil. 

Although the results definitely indicate the importance of 

pulverization, they are far from conclusive. Only 72 samples of a 

r,- iontmorillinite clay soil were prepared at the moisture content 

producing the maximum R value. The results could be influenced by 
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the compaction water content used in the test, as well as the rela- 

tively dry condition of the unpulverized clay lumps. Significantly 

different results might be obtained with other soils, curing conditions, 

compaction methods, moisture contents, or lime contents, In addi- 

tion, the test methods may not be representative of the actual per- 

formance of the material in the field. Cycles of freezing and thaw- 

ing or 24 hours of soaking may be overly destructive to unconstrained 

samples containing relatively large unpulverized clay lumps. Further 

research should be performed to accurately evaluate the effect of 

pulverization on the performance of lime stabilized subbase 

materials. 
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