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ABSTRACT 

Every year, several millions of dollars worth of damage is done to 

homes located in states such as California, Colorado, and Texas , where 

expansive soils are in abundance . Soil treatment using various 

techniques is commonly used to improve the expansive soil on the site 

to avoid excessive swelling . The Chemical treatment is the most widely 

used site improvement technique . A companion report to this presented 

the results of a thorough laboratory investigation of the effective­

ness of Fluid 705, as a chemical agent for expansive soil treatment . In 

this report, several other expansive soil treatment methods and their 

effectiveness as determined by a number of investigators are discussed . 

Also, recommendations for further research for developing more effective 

treatment procedures for expansive soils are presented. 
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1. INTRODUCTION 

Every year in the United States, several millions of dollars worth 

of damage is done to homes located in states such as California, Colorado, 

and Texas, where expansive soils are in abundance. The clay mineral 

that is primarily responsible for such expansive clay related swelling 

problems is montmorillonite. In its pure form montmorillonite may 

swell up to as high as 15 times its dry volume. Most expansive soils 

contain varying proportions of other clay mineral s in addition to mont­

morillonite, and therefore the typical ground swell is on the order of 

15%. However, this small heave can result in significant swelling pres­

sures and loads and usually cause extensive damage to the architectural 

appearance of a house as well as destroy the structural integrity of 

buildings in several instances. 

Because of their low permeability, expansive soils are incapable 

of adequate drainage, and swell substantially during wetting and shrink 

when exposed to a long period of no exposure to water. This continuous 

seasonal wetting and drying results in large movements in the struc ­

tural elements in the house and finally causes major cracks to develop. 

One method of determining the presence of an expansive soil is to use 

routine laboratory tests on representative samples from the site. McKeen 

(26) reported that the initial investigation should rate the soi l based 

on plasticity index and linear shrinkage, as summari zed in Table 1. 

Soils that fall in the category of low expansion potential require no 

special attention during the design of a light structure on them. The 

soils in the medium to high expansi on potential category require special 

considerations in the design of structures founded on t hese soils. They 
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TABLE 1 

Soil Expansion Potential 

Soil Property Soil Expansion Potential (%) 

Low Medium High 

Plasticity Index,PI PI<lO 10<PI<20 20<PI 

Linear Shrinkage , LS LS <8 8<LS <12 12<LS 

also require adequate precautionary measures to prevent excessive 

structural damage . Soil treatment using various techniques is commonly 

used to improve the expansive soil on the site to avoid excessive swel­

ling. Of these treatment methods the most popular methods are as follows: 

(a) Chemical Treatment 

(b) Prewetting 

(c) Soil Replacement 

(d) Compaction Control 

(e) Electrochemical Hardening 

The Chemical treatment i s the most widely used s ite improvement 

technique . A companion report to this presented the results of a thor­

ough laboratory investigation of the effectiveness of Fluid 705, a pro­

duct supplied by Soil Technology , Inc . , as a chemical agent for ex­

pansive soil treatment . In this report, several other expansive soil 

treatment methods and their effectiveness as determined by a number of 

investigators are di scussed . 

2 



2. CHEMICAL TREATMENT 

Chemicals are the most widely used treatments to control expansive 

soils. Lime and cement are used while salts and various inorganic com­

pounds are beinq utilized to a lesser degree. 

2.1 Lime Treatment 

The most widely accepted and controversial chemical treatment is 

lime. The construction trade, according to Hinterkorn (47), recognizes 

certain types of lime for use, these limes are listed in Table 2. The 

higher the magnesium content of the quick or hydrated lime the lesser is 

the water affinity and the heat developed in mixing with water. According 

to Tringale and Mitchell (45), the lime treatment of soils using both 

hydrated lime (Ca(OH) 2) and quicklime (CaO) has been used extensively in 

conjunction with pavement construction, embankment lining and repair, 

and railroad subgrades. The South Dakota Department of Highways has used 

lime successfully to control expansive soils on ten Interstate and three 

primary construction projects. Their laboratory tests have shown that 

lime reduced the amount of expansion in some soils from 41 percent to as 

low as 3.6 percent. Also their experience has shown that lime-treated 

roadbeds apparently withstand the freeze-thaw cycles that breakup high­

ways in that state . Tests by other groups have shown that additions of 

lime from 2 to 8 percent, by weight, decrease the plasticity index, linear 

shrinkage, liquid limit and swell and increase the permeability and shear 

strength of expansive clays. Other states including Texas and Colorado 

with problems related to expansive soils, have used lime stabilization . 

For instance, the Texas Highway Department, in 1969, used nearly 1/2 

million tons of 1 ime for stabilization. The Dallas-Fort vJorth Regional 
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TABLE 2 

Lime Materials Used In Construction 

TYPE FORMULA 

Calcia (High- Calcium CaO 
Quicklime) 

Hydrated High- Calcium Ca(OH) 2 Lime 

Dolomitic Lime CaO + MgO 

Normal Hydrated or 
Monohydrated Dolomitic Ca(OH) 2 + MgO 

Lime 

Pressure Hydrated or 
Dihydrated Dolomitic Ca(OH) 2 + Mg(OH) 2 Lime 

Airport used about 300,000 tons of lime, in what may have been the world•s 

largest lime stabilization project. For this project 6 to 7 percent of 

lime was used for stabilization. First the stiff clay subgrade was bra-

ken down with a disc harrow and then the lime was applied in slurry form. 

This project showed that not only can clay be transformed into a non­

swelling soil, but also can improve the structural capacity of the treated 

layer. Kelly and Kelly (18) state that if lime is added and adequatel y 

mixed, highly plastic expansive clay can be transformed into a stable, 

nonswelling mixture . Although lime has been used mainly for the treat-

ment of highly plastic and expansive clays, it can also cause beneficial 

property changes in soft sedimentary, inactive clays . 

A way of mixing the lime that is becoming more popular most re­

cently is by pressure- injection . In this method, the lime is pumped 
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under pressure through hollow injection rods into the soil, which are 

spaced 12 inches (31 em) apart. The lime slurry is injected until : 

(a) The soil will not take any additional slurry. 

(b) Slurry is running freel y on the surface or out of 

previous injection holes . 

(c) Injection has fractured or distorted the natural 

ground surface. 

The normal amount of slurry that can be injected is about 10 gallons/ 

foot of injection depth, and the type of soi l being treated will in­

fluence the quantity of slurry that can be injected. The pressure at 

which the lime slurry is injected is from 50 psi to 200 psi (345 to 

1380 KPa). In this pressure range it is normally possible to inject 

the maximum amount of slurry. 

Some of the common injection spacings are: 

(a) 1 to 5 feet (0.9 to 1.5m) for building 

foundations. 

(b) 4 feet (1 .2m) for flexible pavements. 

(c) 5 feet (1 . 5m) for railroad subgrades. 

The normal depth of injection is from 5 to 7 feet (1 .5 to 2.1m) . 

This is below the zone of critical moi sture change in most cases. A 

plot of typical moisture content as it varies with depth is shown in 

Fig. 1. 

The parameters that are used ·to calculate the amount of lime to use 

are: quantity per unit time and groutability ratio. The quantity that can 

be injected in a given period of time, according to Thompson (42) , is : 
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where: 

Q = £.9. ( E. ) KAt 
n 1 (1) 

A = cross- sectional area over which pressure acts 

n = viscosity of fluid 

g = acceleration due to gravity 

p = pressure head 

K = cd2, intrinsic permeability of medium, where 

c is a shape factor and d is average pore size 

of medium 

1 = length over which pressure head acts 

Q = quantity of fluid flow 

p = density of fluid 

t = time of pressure application 

This equation indicates that the following major factors control the 

quantity of fluid that is injected. 

(a) Fluid viscosity 

(b) Injection pressure and time 

(c) Intrinsic permeability of the soil medium 

The groutability ratio, as recommended by Johnson (15), should be 

greater than 20 to 25 for successful cement grouting. 

D SOIL 
GROUT AB I L ITY RA TI 0 = =(..__l_5 .._) ""=""~ 

D(B5) GROUT 

7 

(2) 



Where: 

D(l5) = particle size for which 15 percent of the soil 

fraction is finer, and 

D( 85 ) GROUT = particle size for which 85 percent of the 

cement grout is finer. 

As with any method, there are both proponents and opponents to the 

pressure-injected lime (PIL) method. At a conference in Denver in the 

early 1970's several papers were presented concerning PIL. Some of 

the comments were: 

(a) Kelly and Kelly (18) referred to the successful use of PIL to 

treat the swelling soils under the Dallas-Fort Worth regional 

airport terminal buildings. A vertical movement of 0.1 foot, 

was the only swelling reported after the PIL treatment was 

applied, and this was only in one location. 

(b) Krazynski (20) states that, in his opinion, lime injection 

efforts are not very effective. 

(c) Teng, Mattox and Clisby (41) indicated that research and ex­

perience have shown that lime stabilization provides the 

necessary moisture barrier to prevent the swelling of a soil. 

(d) Blacklock (2) indicated that, based on results, PIL was de­

finitely a solution to the swelling problem. Some of the good 

results have been with railroad stabilization (5, 22, 33, 52), 

subgrade stabilization (17) and earth dike stabilization (17). 

According to Graf (10) : 
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(a) It is impractical, if not impossible, to treat an entire 

mass of clay by injection of lime. 

(b) Both lime and portland cement injection have limited use 

to reduce expansive soil problems . 

Gutschick (8), of the National Lime Association, states that lime 

injection is, "considered a supplementary preventative measure for over­

coming soil movement". 

It has been suggested that pressure injected lime may be effec­

tive in soils containing extensive fissures and cracks into which the 

slurry can be injected . The injected lime slurry deposited in fissures 

appears to develop a moisture barrier as well as prewet the soil. How­

ever, Stocker (40), indicates that the limited cementing caused by the 

lime is sufficient to prevent swelling, but does not contribute to 

increasing the shear strength. Two results of PIL are that a certain 

amount of prewetting occurs and, if the soil is lime reactive, the for­

mation of calcium silicate and calcium aluminate hydrates to cement the 

soil minerals together. 

In general, lime increases the strength of the soil into which it 

is injected. This is shown in Fig . 2 and Table 3. Lime also increases 

the strength of soil over a period of time as shown in Fig. 3. 

Further evidence of the desirable effects of lime on montmorillo­

nitic clays have been reported by Barchart (1978), Browns and Boman 

(1979), and by Handy and Hilliams (1966) as shown in Figs. 4-6. From 

Fig. 4 it is clear that the addition of quicklime increases the remolded 

shear strength of expansive soils in the range of water contents lower 

than 60% . The reduction in vertical movement under a structure due to 
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TABLE 3 

Approximate Comparison of Stability Test Data, with and without Lime 

Untreated Lime Treated* 

Type of Tri- Cohesiom- Tri- R- Cohesiom-
Soil axial CBR R-Value k-Value meter axial CBR Value k-Value eter 

Heavy Clay 5.5 2 20 100 - 3.2-3.5 15-30 55-69 250-350 350-850 
Light Clay 4.5 5 35 150 - 2.9-3.4 20-40 60-75 300-400 450-700 
Sandy Clay 3.7 12 50 200 - 2.4-3.0 35-60 65-80 400-500 550-850 
Granular 

Soil 
Pl-8+ 3.2 30 65 250 - l. 5-2.7 50-75 70-80+ 450+ 650+ 

Clay Gravel 
Pl-6 to 2.5 50 75 400 - 1.0-l. 6 70-100+ 80+ 500+ 800+ 

10 
-----

* Based on use of 4-6 percent lime for clay soils and 2-4 percent for granular and clay-gravel types. 
Triaxial and Cohesiometer values are based on approximately 18 days of laboratory curing. CBR on 4 
days curing (soaked), and R-value on about 2 days curing. The stability values of lime-treated 
specimens increase markedly with longer or accelerated curing, e.g., curing CBR specimens for 2 days 
at 120°F prior to soaking will nearly double the CBR values. This accelerated curing would 
correspond approximately to 30 to 45 days of summer field curing. 

(from Winterkorn (47)) 
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soil treatment with lime is shown in Fig. 5. 

The increases in the shear strength parameters (C,~) due to the 

addition of quicklime are shown in Fig. 6. 

It is suggested that future research and development activities be 

directed toward further understanding of the effects of lime on expan­

sive soils. Some of the areas that should be investigated are the 

diffusion-migration of lime, the cementation process, the relative 

significance of prewetting and soil-lime reactions in PIL treatments, 

and development of guidelines for evaluating the potential effective­

ness of PIL treatment. 

The effectiveness of lime treatment and the various methods of 

application are summarized in Table 4. 

2.2 Cement Treatment 

Another method that has been used successfully is portland cement 

stabilization. While soil-cement has been employed for many applications, 

it is most widely used for the bases of roads and airfields. The first 

controlled soil -cement construction was in a road built in 1935 in South 

Carolina and thirty years later this road was still giving satisfactory 

service. 

Most soils can be successfully stabilized with cement, but each 

situation must be analyzed to determine the amount of cement required to 

provide adequate soil stabilization . The best results are obtained when 

a well -graded soil is used, but guidelines of other general cases are 

listed below (from Lambe, 21) : 

For sands, a cement level of 7 to 12 percent by weight 

For silts, a cement level of 12 to 15 percent by weight 
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TABLE 4 

Effectiveness of Lime Treatment 

Method or I I Method of 
Additive Effects on Soil Application 

Lime 
Treatment 

Reduce or elimi­
nate swelling by 
ion exchange, 
flocculation, 
cementation, 
alteration of 
clay minerals 

Remove, 
mix, replace 
or mix-in­
place 

Deep-plow 

Lime slurry 
injection; 
1 ime piles 

Mixing-in­
place: piles 
and walls 

(After Mitchell and Raad (29)) 

Comments 

-Only suitable for shallow depths 
-Mixing difficult in highly plastic 

clays 
-Delay between initial addition of 

lime and final mixing and 
placement improves ease of 
handling and compaction 

-2-6% lime usually required 

-Treat depths to 36 11 

-Can use conventional equipment 
-Requires careful quality control 

-Controversial 
-Limited by slow lime diffusion rate 
-May be effective in fissured 

material 

-Not yet investigated 
-Might be suitable in highly plastic 

soils for treatment to large 
depth 

-Could use dry lime, lime mortar 
or slurry 

References 

California (1967) 
Diamond & Kinter 

( 1966) 
Harrim & Mitchell 

( 1961 ) 
Jones (1958) 
Mitchell & Hooper 

( 1961 ) 
Thompson (1972) 

Ingles & Neil 
( 1970) 

Lundy & Greenfield 
( 1968) 

See Sherard (1969) 
for technique 
utilizing Portland 
cement 



For clays, a cement level of .12 to 20 percent by weight 

The action of cement on clay is to reduce the liquid limit, plasti­

city index and potential volume change and to increase the shrinkage limit 

and shear strength. The resulting product of cement and clay is known 

as soil-cement. 

Some of the successes with portland cement have been reported by 

Spangler and Patel (38), and by Jones (16). They have reported that addi­

tion of 2 to 6 percent of portland cement considerably reduced the volume 

change tendency of expansive soil. One of the practical limitations of 

cement stabilization is t .hat the water requirements of the cement may not 

be met in some soils because of their affinity for water. If the soils 

can absorb great amounts of water, the water intended for the cement will 

be used by the soil. This will cause the cement to not set properly and 

thereby weaken the soil - cement formation. 

The methods used to apply cement for stabilization are similar to 

those used for lime. However, the infiltration of cement into fine­

grained soils is not as effective as in the case of lime, due to the poor 

solubility of cement in water . 

The requirements for the AASHTO soil groups and for silty and clayey 

soils are shown in Tables 5 and 6. These tables present the general 

relationship of the two groups (soil and cement) required to produce 

soil-cement of standard quality. The more cement added to the soil, the 

stronger the resulting soil - cement mixture . The best cement to use is 

High- Early strength cement, this cement is more effective than normal 

cement . In general, when a better mixing process is used, a stronger 

and more durable soil -cement mixture is produced . 
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TABLE 5 

Cement Requirements of AASHTO Soil Groups 

Usual Range Estimated Cement 
in Cement Content and that 

Re~uirement Used in Cement Contents 
AASHTO Moisture- Density for Wey-Dry and 
Soil Percent Percent Test, Freeze-Thaw Tests, 

Group by Vo 1. by Wt. Percent by Wt . Percent by Wt. 

A- 1-a 5- 7 3- 5 5 3- 5- 7 

A-1-b 7- 9 5- 8 6 4- 6- 8 

A-2 7-10 5- 9 7 5- 7- 9 

A-3 8-12 7-11 9 7- 9- 11 

A-4 8-12 7- 12 10 8- 10- 12 

A-5 8- 12 8- 13 10 8- 10- 12 

A-6 10- 14 9- 15 12 10- 12- 14 

A-7 10-14 10- 16 13 11 - 13- 15 

19 



N 
0 

AASHTO 
Group 
Index 

0- 3 

4- 7 

8-1 1 

Materia l 
Between 

0.05 mm., 
and 

0.005 mm., 
Percent 

0-19 
20-39 
40-59 

60 or more 

0-19 
20-39 

40- 59 
60 or more 

0-19 
20- 39 

40- 59 

60 or more 

TABLE 6 

Aver age Cement Requirements of Silty and Cl ayey Soils 

Cement Content, Percent by Wt. 

Max imum Density, lb/ft3 

90-94 95-99 100- 104 105- 109 110- 114 115- 11 9 120 or More 

12 11 10 8 8 7 7 
12 11 10 9 8 8 7 
13 12 11 9 9 8 8 

- - - - - - -

13 12 11 9 8 7 7 
13 12 11 10 9 8 8 

14 13 12 10 10 9 8 

15 14 12 11 10 9 9 

14 13 11 10 9 8 8 

15 14 11 10 9 9 9 
16 14 12 11 10 10 9 
17 15 13 11 10 10 10 



N 
!--> 

AASHTO 
Group 
Index 

12- 15 

16-20 

Materia l 
Between 
0.05 mm., 

and 
0.005 mm., 
Per cent 

0-19 
20-39 
40-59 

60 or more 

0-19 
20-39 
40-59 

60 or more 
- - ----

90-94 95-99 

15 14 
16 15 
17 16 
18 16 

17 16 
18 17 
19 18 
20 19 

TABLE 6 (Continued) 

Cement Content, Percent by Wt. 

Max imum Density, 1b/ft3 

100- 104 105- 109 110-114 11 5- 119 120 or More 

13 12 11 9 9 
13 12 11 10 10 
14 12 12 11 10 
14 l3 12 11 11 

14 13 12 11 10 
15 14 13 11 11 
15 14 14 12 12 
16 15 14 13 12 
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Chen (4) states that, more research and field studies will be re­

quired before cement stabilization can be economically applied. An 

application method, either mixing or slurry injection, must be perfected 

before cement stabilization can be used in practice. 

The effectiveness of cement treatment and the methods of application 

are summarized in Table 7. 

2.3 Salt Treatment 

Salt has been used many times for various types of stabilization. 

The salts that have been used most are sodium chloride and calcium 

chloride, although barium chloride, copper sulfate, barium sulfate, alumi­

num sulfate and magnesium sulfate have been used in some instances. These 

salts, other than sodium chloride and calcium chloride, were found to be 

ineffective, by the Massachusetts Institute of Technology, as soil 

stabilizers. 

Sodium chloride does reduce the moisture content changes in soils. 

However, a quantitative assessment of this is not available in the litera­

ture. The effect of sodium chloride on the plastic limit and liquid 

limit of soils varies from no change to significant changes. This seems 

to be dependent on the soil type, according to Thornburn and Mura (43) . 

For a soil with a high liquid limit the salt treatment is very effective 

and lasts longer than for soils with a low liquid limit. Sodium chloride 

also increases the shrinkage limit and decreases the linear shrinkage of 

soils. The shear strength of an expansive soil is also increased by the 

addition of sodium chloride. Sodium chloride has proved to be the most 

beneficial in climates affected by frost and in soils that have sufficient 

fine -grai ned material for reaction with the salt. 
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N 
w 

Method or Additive 

Cement-Treatment 

TABLE 7 

Effecti veness of Cement Treatment 

Method of 
Effects on So i 1 Application Cements 

Reduce or Remove, mix, -Cement may be l ess effecti ve 
eliminate rep lace than lime in highly plastic 
swelling by Plant mix clays 
cementation, Deep plow (?) -Mixing difficult in highly 
ion exchange, plastic clays 
and altera- -Deep plow method not yet 
tion of clay invest igated (?) 
mineral s - Reduction in swelling noti ce-

able for cement contents 
> 4-6% 

Mixing in - No excavation and backfilling 
place required 

- Has been used for construction 
of pil es and wall s 

-Better, more economi cal 
equipment needed 



There has been more research on calcium chloride than on sodium 

chloride and also there is more agreement concerning the effectiveness 

of calcium chloride. Calcium chloride will keep a soil mixture at a 

fairly constant moisture content . However, with time the salt will be 

leached out . Calcium chloride is able to keep the moisture content con­

stant and therefore the swelling pressures are reduced by its addition. 

Calcium chloride has also been used for frost heave protection since the 

late 1920's . The amount of calcium chloride used for stabilization is 

usually about 1 percent or less of the weight of dry soil. One restric ­

tion on the use of calcium is climate conditions, a relative humidity of 

at least 30 percent is needed before calcium chloride is used . Also, a 

high water table should be avoided because calcium chloride is easily 

leached and washed away . 

The desirable effects of potassium chloride on active clays are 

reported by Frydman, et al. (1977), and by Lessard (1978). These results 

are indicated in Figs. 7 and 8. It is evident from Fig. 7 that an in­

crease in the amount of potassium chloride used in stabilization de­

creases the plasticity of the soil treated. 

Furthermore, Fig. 8 indicates that the presence of potassium 

chloride in the clay increases the remolded shear strength. 

Loken (1971) studied the effect of various cations on remolded un ­

drained shear strength of quick clays and these results are shown in Fig. 

9. It is clear from this figure that aluminum salts followed by potassium 

salts have the most stabilizing effects on active clays. 

There is inadequate evidence that salts, except sodium chloride 

and calcium chloride, when used alone have stabilizing properties of 
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sufficient magnitude to justify their economic use. Although used, salt 

does not have any strong impact in modern soil stabilization. Salt does 

reduce the water content of the soil and it reduces or prevents frost 

heave by lowering the freezing point of water as shown in Table 8. The 

problem with salt treatment in these cases is that the salt is leached 

out by ground water movement and must be replaced every three years. 

2.4 Organic Treatment 

Organic compounds stabilize expansive soils bY water proofing, by 

retarding water absorption, or by hardening the soil with resins. The 

success of organic compounds, however, has been very limited and further­

more no detailed information is available in the literature on this sub­

ject. In the next section of this report, further details on some or­

ganics are given. 

2.5 Other Chemical Treatments 

Acidic Phosphates - Tringale and Mitchell (45) reported that by mix­

ing acidic phosphates with montmorillonite clay, insoluble iron and alu­

minum precipitates were formed. The precipitates act as cementing agents 

and were found to increase the remolded shear strength of the clay, at 

water contents below 60 percent . 

Quaternary Amines - Quaternary amines are widely used by- products 

of the meat packing industry and form a large group of organic compounds 

of ammonia. Because of their cationic nature, they react readily with 

soil clay minerals , producing a strong flocculation and a considerable 

degree of water repellance, Despite much work, however, by Armour 
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TABLE 8 

Freezing Point Lowering of Sodium Chloride Solutions 

Grams Anhydrous Freezing Point 
Molality Salt per 1,000 g Water Lowering (C) 

0. 001 0. 0585 0.004 

0. 01 0.5845 0.036 

0.10 5.845 0.348 

1. 0 58.45 3. 37 

2. 0 116.9 6.90 

3.0 175 . 3 10.82 

4.0 233.8 15.14 

5.2 303 . 9 21.12 
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Industrial Chemical Company, General Mills, Inc., and others, the amines 

were not found to be significantly effective for treating highway soils. 

PDC - This product of the Product Development Company is a mixture 

of portland cement, hydrated lime and casein. During its development 

and evaluation, the proportions of the ingredients were repeatedly ad­

justed by the company, and various types of milk casein and soybean casein 

were tried. The company's test .results showed PDC to be an effective 

stabilizer for clay soils. However, FHWA tests did not show PDC to be 

significantly more effective than the same cement-lime mixture without 

casein. A number of successful field sections using this product were 

constructed on secondary roads through the company's efforts, but the 

additional cost of the seemingly unnecessary ingredient, casein, could not 

be economically justified, hence no practical use of the product has re ­

sulted. 

Terbec - Dow Chemical Company developed a rapid, inexpensive test 

for evaluating their products and experimental chemicals as stabilizers, 

and applied the test to thousands of compounds. Although they have not 

revealed the details of the test, the test results or the identity of 

the tested chemicals, they advanced Terbec (chemical name -- 4-tert­

butylpyrocatechol) for further consideration. In FHWA tests, Terbec was 

an effective waterproofer, but it did not permanently strengthen or 

otherwise improve clayey soils, and full attainment of its limited 

effects required some drying back of originally moist soil mixtures. In 

cooperation with the Minnesota Department of Highways, Iowa State 

University , the Iowa State Highway Commission, and various county high­

way departments, the company installed 25 test projects in six States. 
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The limited reports provided FHWA indicated that some sections having 

Terbec-treated soil as base or subbase gave better performance than the 

control sections having standard construction; however, in other experi­

mental projects the performance of Terbec-treated sections was either 

inferior or no better than sections having standard design. Initial 

claims that Terbec provided resistance to frost action were not sub­

stantiated by later observations. 

Lignin Liquors and Lignin and Cellulose Compounds - The sulfite pro­

cess in the paper industry, in extracting lignin from wood, produces vast 

quantities of a liquor containing about 10 percent lignin and 90 percent 

water. Early effortt were directed to the use of the liquors in palli­

ating dust on unpaved roads, and to reduce the permeability and frost 

action of the natural soils; hence, they had a widespread, if modest, 

success. Attempts to use the concentrated liquors in conventional 

stabilization have not been very successful. Development of the chrome­

lignin process was at first promising, but the costs were excessive and 

effectiveness in producing strength and water rest stance depended on at 

least a partial drying back of treated soil, an impractical requirement 

in field use. 

Rayonier, Inc., exerted major efforts in the early work on lignin 

liquors and renewed their efforts more recently with cellulose and lig­

nin compounds. The company submitted one material they considered to 

have merit for waterproofing soils. FHWA tests indicated that the 

material slightly increased the strength of soils, but that its overall 

effect on soil improvement was insufficient to warrant field evaluation. 
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Phosphoric Acid - Monsanto Chemical Company found that phosphoric 

acid reacted with soils to increase their strength and water resistance. 

Tennessee Corporation also did considerable experimentation with phosphoric 

acid . Field test sections were constructed in Georgia and Missouri. Al­

though the acid was fairly effective with soils in eastern United States, 

the cost was too high for successful competition with lime and cement, 

and the treated soil was difficult to compact . Test results in the FHWA 

soils laboratory were encouraging. However, a severe limitation was found 

with calcareous soils, the acid being consumed by the soil without pro­

ducing adequate strength . Although the acid could be treated to elimi ­

nate the corrosion of road building equipment, its probable effects on 

workmen discouraged further attempts at its use. 

The University of Wyoming evaluated approximately 17 different addi ­

tives for stabilizing an expansive clay on I-80 west of Laramie . Effec­

tiveness wa s evaluated by volume expansion tests using a CBR mold and 

swell pressure tests using a 4- in .-diam Proctor mold . Briefly, the 

following additives were evaluated : 

Alcohol s and formaldehyde . Isopropyl alcohol caused the soil to 

become friable and reduced the swelling as much as lime did for a short 

period of time . Negative results were obtained with a lime- isopropyl 

alcohol slurry in an attempt to migrate di ssolved lime into the clay. 

Ethyl alcohol and formaldehyde also reduced swelling, but the tests 

showed that this reduction was only temporary. 

B D Quat 2 CoCo . This agent is a quaternary ammonium chloride and 

was added to the soil in an attempt to form a water- repellent film 

covering the clay . Gelatin occurs when CoCo is added to water . Addi ­

tion of concentrated CoCo-water mixture to the soil caused the soil to 
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become friable. Reduct ion in swell compared favorably with lime, but, 

as with lime, good mixing is required. 

Reten. Reten 210 and Reten A-1 are synthetic, water-soluble 

polymers; the former is cationic while the latter is anionic. They are 

used as flocculants in sewage treatment and, as expected, when they 

were added to the soil, a spongy, friable mixture was obtained. However, 

when very slight amounts were added to water, unmanageable gelation 

occurred, thereby precluding any migration and ease of mixing . 

Nalcolyte. Nalcolyte 605 and 675 are a cationic poly-electrical 

organic coagulant and a 'water-soluble polymer flocculant, respectively. 

Nalcolyte 605 caused the soil to become friable, but failed to reduce 

swell. Nalcolyte 675 behaved si milar to Reten with a considerable loss 

in ·density observed . 

Silicone. Silicone 770 and 772 are silicone resin concentrates used 

for waterproofing ma sonry, and a water-soluble sodium methyl siliconate 

used as a dispersing agent in clays and ceramics , respectively. For the 

percentages tested silicone 770 failed to provide any appreciable swell 

reductions. Silicone 772 at 3 percent produced results nearly comparable 

to lime, but at 0.5 percent little swell reduction was obtained . 

Sodium and magnesium chloride . At application rates of 0.5-2 per­

cent by dry weight, only slight improvements were observed. 

Phosphoric acid. Phosphoric acid in amounts of 1, 2, and 3 percent 

by dry weight was added to the soil. When the acid wa s added to the 

moist soil instead of being added directly to the mixing water , the soil 

became friable. However, no reduction in swell was obtained. 

11 N11 sodium silicate. This agent is a concentrated silicate solution 

which would hopefully cause ion substitution and thereby eliminate swelling. 
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Several mixing possibilities were attempted, but because of the many 

variables involved, i.e . , polymer size and concentration, pH of water, 

temperature, calcium or aluminum ions added, and the amount of water used 

in mixing, the mixing combinations are innumerable. Only slight reduc ­

tions in swell were obtained for the mixing combinations tried. 

Emulsified asphalt SS- K. Asphalt mixed with the mixing water in 

amounts of 1, 2, 3, and 5 percent by dry weight increased friability, 

but did not significantly decrease the swell. 

Kerosene. Kerosene, when placed on the surface of compacted speci­

mens, was observed to penetrate the soil quickly. However, after the 

kerosene had completely penetrated the sample, rapid volume increases 

approaching 10 percent were observed when water was placed onthe surface. 

Results of this program showed that none of these agents reduced the 

swell as effectively as lime. 

Other chemical additives and their effectiveness on soils as sta­

bilizers are summarized in Table 9. 

3. PREWETTING 

One of the oldest methods used by engineers, contractors and lay­

men to treat expansive soils is prewetting. Prewetting theory is based 

on the assumption that if soil is allowed to swell by wetting prior to 

construction and a high soil moisture content is maintained, the soil 

volume will remain constant. Since the soil has already achieved its 

maximum realistic moistute content, there will be no swelling and no 

structural damage. 

The present method of prewetting is by ponding or direct flooding 
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Additive 

- Hydroxides 

TABLE 9 

Effectiveness of Chemical Treatment 

Effects on 
Soil 

Various 
effects 
have been 
measured or 
hypothesized, 
including : 

Reduced plas­
ticity 

Improved 
Compaction 

Reduced Swell 
Waterproofing 
Preservation 

of Soil 
structure 

Increased 
strength 

Increased or 
decreased 
permeability 
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Method of 
Application 

Usually remove, 
mix , and 
replace or 
mix- in- place 

In some in­
stances spray­
ing or injec­
tion is used 

Electro-osmosis 
may be useful 
in special 
cases 

Diffusion may 
be effective 

Comments 

-Problems of mixing or 
i nj ecti on may be 
significant 

- No chemical additives 
for control of volume 
change appear to be 
available that are 
effective, permanent, 
and economically com­
petitive with lime or 
cement when large 
volumes of soil must 
be treated . 

-Calcium chloride may 
be effective at least 
temporarily in soils 
with expanding lattice 
c 1 ay s . It may be 
useful in soils with a 
high sulfate content. 

-A number of proprietary 
formulations have been 
marketed . The benefi ­
cial effects of these 
materials have not 
generally been 
documented. 





of the building area. The construction area is flooded by constructing 

a small dike around the site to impound the water. There are different 

systems of flooding the foundation site. 

The Texas Highway Department performed an investigati on on the 

effects of ponding on the moisture content at various depths and these 

results are shown in Fig . 10. The following observations can be made 

from this study: 

(a) The moisture content achieves a penetration of only 4 feet 

below the pond during a period of 24 days. 

(b) To obtain a desirable moisture distribution at greater depths~ 

pending should extend to approximately 30 days . 

It has been observed in California that moderately expansive soils 

can be saturated to a depth of 2 1/2 feet and this produces good results. 

A prewetting operation should not be performed at random but should 

be based upon an engineering investigation. Also~ during the operation 

the moisture content should be checked frequently to insure proper re­

sults. 

Ponding has been used satisfactorily for foundations in a variety 

of places including Cal ifornia and South Africa . However~ a pending pro­

ject for a house in Austin~ Texas reported by Dawson (6)~ was a failure 

because the house was subjected to heave both during and after construc­

ti on. As shown in Fig. 11~ a boring was taken~ at a depth of 5 1/2 feet 

from one of the trenches surrounding the foundation and the results are 

shown in Table 7. From this boring it is clear that the soil was not 

saturated even one foot below the trench. This shows that it is very 

difficult to saturate soils with large proportion of clay within any 
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TABLE 10 

Moisture Content vs. Depth 

(Boring Austin, Texas House ) 

Depth (Ft ) Moisture (%) 

6.5 20.8 

7.5 17 . l 

8.5 19.7 

9.5 19. 1 

10.5 16.3 

11.5 13.3 

12 .5 13.9 

Boring was performed in a trench at 
a dep t h of 5.5 feet. 

(from Dawson (6)) 
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reasonable amoun t of time. 

Some investigators feel that it is not possible to saturate highly 

plastic clays wHhin a reasonable amount of time. Therefore some heave 

should be expected after construction due to excess water from the 

ponding moving into the blocky unsaturated soil masses. 

Prewetting by ponding may require many mont hs to be effective un­

less the soil is hi ghly fissured. Prewetting about 2 to 3 percentabove 

the plastic limit has shown significant i mprovement in the performance 

of slabs on grade. However, excessive wetting can actually damage the 

foundation by migra tion of moisture to dry soil, at large depths below 

the foundation , causing excessive heaving. 

Prewetting ha s long been endorsed by most hi ghway engineers, but it 

is doubtful that thi s metho d can be used successfully for lightly loaded 

structures. 

Some of the disadvantages listed by Chen (4) are: 

(a) Ponding of water will cause the soil to expand and later water 

migrates to lower soil layers and induces swelling. This 

cycle can continue for as long as 10 years . 

(b) The length of time requried for ponding may be too great for 

most sites. 

(c) It is ques tionable as to whether a uniform moisture content 

can be obtained because the water will follow fissures and as 

such will not reach a great many masses of soil. 

(d) It has been shown that water can penetrate to an effective 

depth of 4 feet within a reasonable amoun t of time. Such a 

depth is in suffi cent to provide a balanced moisture zone for 

construction of important structures. 
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(e) Prewetting may provide a good stabilized soil beneath a floor 

slab, pavement or canal lining, but it is doubtful that a 

footing can be placed on prewetted soil as prewetting reduces 

the bearing capacity of stiff clay to less than 1,000 psf. 

While prewetting has shown to be good for pavements and slabs, it 

is doubtful that this method can be used for building foundations on ex­

pansive soils. 

4. SOIL REPLACEMENT 

A simple and easy solution for foundations on expansive soils is 

to replace the soil with non- swelling soil . Chen (4) states, that from 

experience, if the subsoil consists of more than about 5 feet of granular 

soils (SC-SP) on top of highly expansive soils, there is no danger of 

foundation movement when the structure is resting on the granular soils. 

However, this is not applicable to man-made fills. Man-made fill is 

usually, for economic reasons, not extended beyond 10 feet past the 

building line. This, unfortunately, allows the water to seep under the 

fill to the expansive soil . No guidelines exist as to the thickness re­

quirement of the fill but Chen (4) recorranends, 11 A minimum of 3 feet, al­

though 5 feet is preferred 11
• Thickness is defined as the distance from 

the bottom of a footing to the top of the expansive soil. 

The type of material used for fill should basically be: 

(a) nonexpansive soil 

(b) Granular soils-- GW to SC (unified classification system) 

(c) Any soil that meets the requirements listed in Table 11. 

But, it is becoming very difficult to locate materials that meet these 
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TABLE 11 

Soil Replacement for Fill Replacement Materials 

Liquid Limit (%) 

50 < LL 

30 < LL < 50 

LL < 30 

42 

Percent Passing 
No. 200 Sieve 

15 - 30 

10 - 40 

5 - 50 

(from Chen ( 4) ) 



requirements in some locations . Denver, Colorado is one such area, 

according to Chen (4) . 

The optimum depth of replacement is not known when using this method 

to control soil swell. 

In theory, the uplift can be found by evaluating swell tests and 

pressure distribution. But, this does not always provide the correct 

solution, as seve~al investigators have found. 

When trying to evaluate the depth to which swell is important, a 

number of aspects should be taken into consideration: 

(a) Uniform wetting tends to equalize heave. 

(b) There is an advantage to placing a structure on a nonexpansive 

cushion. If movement occurs, the result will be subdued by 

the nonswell cushion. 

(c) The depth of fill should never be less than 36 inches and pre­

ferably 48 inches. 

(d) Do not allow the excavation to become excessively wetted during 

construction or excessive heaving will occur. 

(e) The thickness of fill can be reduced if a combination of re­

compaction and replacement methods are used. 

(f) The degree of compaction depends upon the type of fill used, as 

shown in Fig. 12. 

At the present time soil replacement seems to be the best method for 

a stable foundation. The following are some evaluations of the effec­

tiveness of soil replacement : 

(a) By replacing expansive soils with nonexpansive soils, a high 

degree of compaction can be accomplished and as such carry 

43 



u 
c. 

.... 
c. 

125 r------r-----,---, 

100 

Ronoo of Mo••mum 
La t.oro1or y Dry Donsil io s 
for Fill Molo , iol s 

Zero Air Vo id a for Sfecil•c 
Grav ity = 2 70 

;:Y 
90 L------~~--------~------~~------~~~----~~------~ 

0 '!l 10 l !l 20 30 

Moi stur e Content (%) 

Determination of Fill Placement Moi sture and Density 
(From Chen ( 4)) 

Figure 12 

44 



heavy 1 oads. 

(b) The cost of soil replacement is relatively inexpensive when 

compared to other means of soil stabilization. 

(c) The granular soil cushion also serves as an effective barrier 

against the rise of ground water if it is properly drained. 

(d) Soil replacement provides a safe approach to slab-on-ground 

construction . 

(e) A floating slab should be used, to guard against excessive 

heave . 

(f) Surface drainage around the building should be properly main­

tained beneath the fill. 

5. COMPACTION 

One of the factors the amount of swelling is dependent upon , is the 

dry density of the soil. 

It has been recommended that expansive soils be compacted to some 

min imum density, rather than a maximum density. Compacting the soi l to a 

low density and a high water content reduces the potential heave of ex­

pansive soil . The effect that density and moisture content have on com­

pacted expansive soil is shown in Fig . 13. 

It has been shown by Holtz (13) , Gi zienski and Lee (8), Seed and Chan 

(36 ) , Holtz and Gibbs (12) , and Seed, Mitchell and Chan (35) that by de­

creasing the dry density of expansive soils, the swell potential can be re­

duced. A typical expansive soil can, by decreasing the dry density from 

109 to 100 psf , reduce the swelling pressure from 13000 to 5000 psf and 

the swelling potential by 2.5 percent. This can be done without modifying 

the moi sture content of the soil . Fig . 14 illustrates this theory for 
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different densities. Gerhardt (7) states that without moisture-density 

control, non - uniform swell and settlement occur. According to Gizienski 

and Lee (8), at optimum water content, reducing the degree of compaction 

reduces the potential swell. 

The main advantage of using this approach is that the ·swel-ling po­

tential can be reduced without adverse effects caused by introducing 

excessive moisture into the soil. 

The method of compaction also influences the swelling characteris­

tics of compacted swelling soils. For a soil with the same water content 

and density the swelling is worse for a flocculated structure than for a 

deflocculated structure . A comparison of the difference in swell pres­

sure for two types of compaction (static and kneading) is shown in Fig. 

15. It is shown from that figure that use of compaction equipment pro­

ducing a kneading action and a dispersed structure, such as a sheepsfoot 

roller, would produce the best results for swell control. 

Compaction itself is not useful as a soil stabilization method, 

since it does not produce enough stabi lity against swelling or contrac­

tion. Instead it is used mainly in conjunction with other treatment 

methods , such as soil replacement or lime stabilization. 

The Colorado Department of Highways (37) produced specifications for 

depth of moi sture-density control. The specifications for Interstate and 

primary highways can be seen in Table 12. But for the secondary and 

state highways they use different specifications, these are shown in 

Table 3. 

In conslusion, good engineering results on expansive soils cannot 

be expected without good moisture -density control. 
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TABLE 1 ·e 

Specifications for Depth of Moisture- Density Control 
(Interstate and Primary Highways) 

Plasticity Index Depth of Treatment ( Ft) 

10 - 20 2 

20 - 30 3 

30 - 40 4 

40 - 50 5 

> 50 6 

(from Snethen et a 1 . ( 37)) 
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TABLE 13 

Specifications for Depth of Moisture- Density Control 
(Secondary and State Highways ) 

Plasticity Index 

10 - 30 

30 - 50 

> 50 
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Depth of Treatment (Ft ) 

2 

3 

4 

(from Snethen et al. (37)) 



6. ELECTRICAL STABILIZATION 

Electrical Stabi l ization has been used in the following ways to 

stabilize soil: 

(a) dewatering by electro-osmosis 

(b) hardening by electro-osmosis 

The use of electro-osmosis for dewatering has been investigated by 

many researc hers, Rollins (34) , Winterkorn (46), Grey and Mitchell (11), 

and Mi se (29) , and they have proposed many theories for the flow rate 

of pore water . The theory that best predicts the flow rate of the pore-

water is: 

= k i A qe e e (3) 

in which: 

qe = Electro-osmotic flow rate 

ke = Coefficient of electro-osmotic permeability 

i e = Electrical potent i al gradi ent 

A = Cross - sectional area of flow 

Casa grande (3) established that ke for almost all soils, using this 

method of treatment, is 5 x 10- 5 sq em per sec-v. This value varies by 

about one order of magnitude for any soil . The ability of water to be 

transported through a soil mass by electro-osmosis is shown in Fig . 16, 

as a function of soil type , water content and electrolyte concentration. 

This figure ind icates the following : 
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(a) A decrease in water content decreases the electro-osmosis 

efficiency. 

(b ) Inactive clays have a greater ability to have water transpor­

tation than active clays. 

(c) The free electrolyte content does not affect the efficiency 

of electro-osmosis in active clays, while in inactive clays the 

water transport decreases rapidly as the electrolyte content 

rises. 

The electro-osmotic flow rate behavior for three different materials 

is shown in Fig. 17, as a function of water content and electrolyte con­

tent. This plot can be used to estimate the electro-osmotic water trans­

port i n any soil. This method agrees well with field observations of 

electro-osmotic water transportation in soils. 

Mitchell (28 ) came to three conslusions about this method of soil 

stabilization: 

(a) Hydraulic and electro-osmotic flow rates were observed to be 

linear functions of the hydraulic and electrical potential 

gradients . 

(b) There is a direct equivalence between electro-osmotic water 

transport and streaming potential for soil-water-electrolyte 

systems. 

(c) The coefficient of electro-osmotic permeability, ke, can vary 

over a significant range with variations in water content . 

Fig. 18 shows this relationship for illitic clay and kaolini­

tic s i lty c 1 ay. 
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The hardening of clay can be achieved by the use of an electrical 

current passing through aluminum electrodes. This technique is the basis 

for the movement of stabilizing chemicals through soil masses to reduce 

the swelling of clay. 

This method was tried on a section of the Friant-Kern Canal, and 

the chemicals used at this location were potassium chloride and aluminum 

chloride. A series of postexperiment tests were run and they indicated 

that ~vorable stabilization took place only within about 4 feet of the 

anodes. With this result the treatment was considered inadequate to pre­

vent the canal sections from heaving. 

Nettleton (30) and Holtz (13), both used aluminum ions to help 

stabilize the soil masses that they were testing electro-osmosis stabili­

zation on. Thornburn and Mura (43) have concluded, that for stabilizing 

clay soil aluminum anodes produce the best results. 

o•sannon (32) performed one of the most complete tests of electro­

chemical stabilization of montmorillonitic Chinle clay for reduction of 

swelling under highways. The stabilization method used was a solution of 

Q.4N KCl and movement of the solution was by electro-osmosis. The re­

sults of this test were : 

(a) An average of 36 percent decrease in the percentage of swell. 

(b) A 50 percent reduction in swell pressure of the Chinle clay. 

o•sannon (42) stated that electrochemical soil treatment technology 

is advanced enough to be used effectively, by the existing work force 

and material resources . 

Satyanarayana and Joshi (1973) performed a detailed investigation 

of electro-osmotic stabilization of three expansive soils from India. 
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The mineralogy and index properties of these soils are given in Table 14. 

The study concluded that electro-osmotically treated expansive soils 

wi th chemicals soluble in water such as sodium chloride and potassium 

chl oride exhi bited negligible swelling pressures as summarized in Table 

15. The conf i ned comp ressive strength of these t hree expansive soils 

increased by 30 to 40% as given in Table 16. The cohesion intercept from 

triaxial tests i ncreased by 50% to 150%, whereas the angle of internal 

f ri cti on dec reased slightly, when treated with potassium chloride using 

el ectro-osmos i s. These results are summarized in Table 16. 

In add iti on, an increase in permeability values was noticed due to 

el ectro-osmotic treatment with various salts and these results are 

summari zed in Tab le 17. 

7. THERMAL STABILIZATION 

Wh i l e thermal stabi l ization has not been used widely in the United 

States, many European countries have used this method of soil stabiliza­

tion extensivel y. Thermal stabilization consists of two types of treat­

ment, heat treatment and stabilization by cooling. 

Heat treatment is a modification of expansive soils to reduce the 

vo lume change by use of exposure to hi gh temperature. The heating pro­

cess uses temperatures in excess of 100°C to drive off moisture in the 

cl ay and t hereby i ncrease the soil strength. These high temperatures 

may al so reduce t he swelling characteristics of the soil. When heated 

to about 1000°C some cl ays begin to fuse and in effect become bricks. 

The problems associated with heat treatment of expansive soils are: 

(a) Only shallow depths of soils can be treated. 

(b) Cost of f uel. 
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TABLE 14 

Mineralogy and Index Properties of Soils Investigated 

Soi 1 Type Bhimavaram Soil Kirkee Soil 

Source Hyderabad Poona 
Mineralogical Composition 

Montmorillonite 50% 60% 
Illite 20% 20% 
Kaolinite 10% Nil 

Principal Exchange Ions Aluminum Aluminum 

Atterberg Limits 
Liquid Limit 79.5% 78.5% 
Plastic Limit 42.25% 43.3% 
Shrinkage Limit 11.25% 15.2% 
Plasticity Index 37.25% 35.2% 
Shrinkage Index 68% 63.3% 

(Ranganatham and Satyanarayana 1965) 
Free Swell 180% I 160% 
Specific Gravity 2.70 2.73 
Classification of Soil Very high swelling Very high swelling 

type type 
(Ranganatham and Satyanarayana 1965) 

pH Value 8.8 8.7 
AASHTO Compaction 

Optimum Water Content 26.5% 23.5% 
Maximum dry Density 97 lbs/c ft 101.5 lbs/c ft 

Sehore Soil 

My sore 

35% 
15% 
30% 

Aluminum and Iron 

62.7% 
35.5% 
14.4% 
27.2% 
48.3% 

100% 
2.80 
High swelling 

type 

8.75 

19.5% 
110 lbs/c ft 
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TABLE 15 

Values of Swelling and Swelling Pressure 

Bhimavaram soil Kirkee soi l 
Test Details Swelling Swelling Swelling Swelling 

% pressure % pressure 
Tons/sft Tons/ sft 

Without El ect ro-osmosis 17.3 2.5 16.7 2.0 
With el ectro-osmosis only 12.0 2.0 10.8 1.5 
Electro-osmosis wi t h 2% 6.7 1. 75 8.8 1.2 
Calcium oxide 

El ectro-osmos i s with 2% 6.0 1.5 8.4 1. 2 
Sodi um oxal ate 

El ectro-osmosis with 2% 5.6 1.4 7.2 1.0 
Sod ium chl oride 

El ectro-osmosis with 2% 4.8 1.0 5. 2 0.8 
Pot assium chloride 

El ectro-osmosis wi th 4% 3. 3 0.80 2.4 0.60 
Potass ium chloride 

El ect ro-osmosis wi t h 2% -4.65 Ni 1 -4.00 Ni l 
Potass ium chloride (wi th (compress ion) (compress ion) 
an initial surcharge of 

I 1/2 Ton/s ft). 

Sehore soil 

Swelling Swelling 
% pressure 

Tons/sft 

7.6 1.2 
6.4 1.0 
4.6 0.75 

3.2 0.60 

3.0 0.50 

2.8 0.50 

1.6 0.35 

-6 .50 Nil 
( compress ion) 

-------------
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Test Det ai l s 

\~ithout e 1 ec t ro-osmos i s 
With el ectro-osmo s i s only 

Ratio 2/1 

El ectro- osmosi s with 2% 
Ca 1 c i urn ox i de 

Ratio 3/1 

Electro-osmos i s with 2% 
Sodium oxalate 

Ratio 4/1 

El ectro- osmosi s wi t h 2% 

Ratio 5/1 

El ectro-osmos i s with 2% 
Potass ium chloride 

Rati o 6/1 

El ectro-osmos i s with 4% 
Potassium chlor i de 

Ratio 7/1 

TAB LE 16 

Strength Charact eri st i cs 

Bhimavaram soi l Ki r kee soi l 

c' <!>' u.c. s. c ' <!>' 
p. s . i. degree p. s . i. p. s . i. degree 

9.0 18 15.6 15.0 12 
10 .0 15 17 .8 17.0 10 

1.11 1. 14 1.13 

11. 0 16 22 .0 19.0 11 

1. 22 1.41 1. 265 

11.0 15 18 .0 10 

1. 22 1. 20 

21.0 10 19.0 9 

2. 33 1.23 

21. 0 13 22 . 5 8 

2. 33 1. 50 

2:2 . 5 11 20.8 23 .0 6 

2. 50 1. 34 1. 53 
- ---

Sehore soil 

u.c. s. c ' <!>' u.c.s. 
p. s . i. p. s . i. degree p. s . i . 

22.6 10 20 13 
24 .6 11 17 14. 6 

1.09 1.10 1. 125 

30 .2 15 17 18 .2 

1.34 1.50 1.44 

12 16 

1. 20 

16 13 

1.6 

18 14 

1. 80 

27. 2 20 12 17.0 

1. 20 2. 00 1. 31 
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TABLE 17 

Values of Permeability and Electro-osmotic Permeability 

Test Details 

Without Electro-osmosis 

With Electro-osmosis only 

Electro-osmosis and Calcium 
Oxide (2%) 

Electro-osmosis and Sodium 
Oxalate (2%) 

Electro-osmosis and Sodium 
Chloride (2%) 

Electro-osmosis and 
Potassium Chloride (2%) 

Electro-osmosis and 
Potassium Chloride (4%) 

Bhimavaram Soil 
(ems/sec ) 

0.43 X 10-7 

0.163 X 10- 4 

0.218 X 10-4 

0. 276 X 10-4 

0. 324 X 10-4 

0.380 X 10-4 

0.470 X 10-4 

Kirkee Soi l 
(ems/sec) 

Sehore Soil 
(ems/sec) 

0.69 X 10- 7 0.83 X 10-7 

0.227 X 10-4 0.287 X 10-4 

0.229 X 10-4 0.352 X 10- 4 

0.345 X 10-4 I 0.378 X 10-4 

0.391 X 10- 4 I 0.416 X 10-4 

0.480 X 10- 4 I 0.54 X 10-4 

0.598 X l0- 4 I 0.61 X lo-4 



Use of this method in the U.S.S.R. has shown that this treatment 

can only be effective to about 15 m and is good only on dry or partially 

saturated weak clayey soils and loess. 

At this time, this method of soil stabilization is only feasible 

as a last resort on very large and important jobs. The cost of the fuel 

and the lack of suitable processing equipment eliminate this as an effec­

tive method of soil stabilization. 

Stabilization by cooling has been used in many places as a tern-, 

porary method of stabilizing soils. Freezing the pore water in wet soil 

produces a rigid material possessing considerable strength. Freezing is 

accomplished by the circulation of cooled brine and/or ammonia through 

the soil to freeze the water present in the pores. The soil will re­

main frozen only while the system is in operation. This method of soil 

stabilization has been used mainly to support a structure while a new 

foundation was constructed or repairs were made to the old foundation. 

Therefore, freezing a soil is used only as a temporary help while 

work is being performed for a more permanent solution to the problem. 

8. CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this report has been to explore all possible solu­

tions to the problem of expansive soils, primarily clay. In this pur­

suit many methods of treatment have been explored and analyzed. These 

methods are: 

(a) Chemical Stabilization 

(b) Prewetting 

(c) Soil Replacement 

(d) Compaction Control 
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(e) Electrical Stabilization 

(f) Thermal Stabilization 

Chemical stabilization is the most widely used and accepted form of 

soil stabilization, mainly because of the use of lime as a stabilization 

agent. Deep plowed lime stabilization is an effective technique for 

stabilization of soil, to a depth of about 36 inches. Pressure injected 

lime slurry is still debated as to how effective it actually is as a 

soil stabilization tool. Its effectiveness depends substantially on the 

existence of a network of cracks and fissures in the soil in which the 

lime slurry can travel under pressure. 

Prewetting is a very useful and effective method of soil stabiliza­

tion, if time is not critical. The Texas Highway Department has used 

this method for many years in the construction of highways. This method, 

however, does not seem to have much use as a building foundation stabi­

lization method unless there is sufficient time for ponding and the 

water can be kept from drying out subsequently. General considerations 

for this method can be found in Table 18. 

It appears that the soil replacement method of soil stabilization 

is not the panacea it originally was thought to be. The Colorado Highway 

Department has reported many failures from this technique, Gerhardt (7). 

However , there are many more reports of success with this method, and 

therefore care mu st be exercised as to when and where to use soil re­

placement . Some success has been reported from the use of a mixture of 

lime stabilization and soil replacement. The lime is used to help 

stabilize the replacement soil or stabilize the soil on which the replace­

ment soi l rests. 
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TABLE 18 

Methods for Volume Change Control ·without ·Additives 

METHOD GENERAL CONSIDERATIONS 

COMPACTION -Compact wet of optimum to moderate 
density 

- Kneading compaction, as by sheepsfoot 
ro 11 er, preferab 1 e 

-Low permeability of material, if 
compacted as above, will . cause any 
subsequent expansion to be slow 

-Excavation and recompaction of 
existing soil prior to use as subgrade 
may be required 

-Laboratory test methods should 
duplicate soil structure in the field 

PREWETTING - Provides for soil wetting and 
expansion prior to construction 

-Spraying or pending may be used 
-Requires a long time 
- Can use to straighten distorted slabs 
-Loss of strength and increase in 
stickiness may make subsequent 
construction difficult 

- Lime treatment after wetting useful to 
provide a firm working table 

- Later drying may cause shrinkage 

HEAT -Heating to 200°C.±may significantly 
TREATMENT reduce swelling characteristics 

-Heating to several hundred degrees C 
may eliminate water sensitivity 
altogether 

-Soil fusion possible at temperatures 
of 1000°C 

-Heat treatment may improve suscepti ­
bility to stabili zation by other 
methods 

-Practical, economical methods not yet 
available in U.S.A. 

REFERENCES 

Co 1 or ado ( 1964) 
Holtz (1959) 
Holtz & Gibbs (1956) 
McDowell (1959) 
Mitche 11 et a 1 (1965) 
Seed et a 1 ( 1962) 

Benson (1959) 
Dawson (1956) 
Dawson (1959) 
Haynes & Mason (1965) 
Holtz ( 1959) 
Holtz & Gibbs (1956) 
McDowe 11 ( 1965) 
McDowell (1959) 

Aylmore et al (1969) 
Chan drase kha ran 
et al ( 1969) 

Post & Paduana (1969) 

(After Mitchell and Raad (29 )) 
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Compaction control has shown to have some use as a stabilizing 

procedure for expansive soils, by controlling the moisture content. 

The problem with compaction control is that it is often very difficult 

to hold the moisture content at a certain level that was specified by 

a laboratory test. The best machine to use for compaction control is 

a sheepsfoot roller, because of the kneading action it produces. 

General considerations for this method can be found in Table 18. 

Electrical stabilization appears to have problems as a soil 

stabilization method, because of its expense and because of the failures 

reported by different organizations . Both the University of Wyoming and 

the Louisiana Department of Hi ghways have reported that electro-osmosis 

failed to move any appreciable amount of lime slurry into the soil. 

The successful application of potassium chloride into the Chinle shale 

in Arizona indicates that it can be done but that it is expensive. 

Thermal stabilization appears to have some applications, if the 

job must be done in a hurry . This method of soil stabilization does not 

have much of a future, because of the unavailability of equipment and 

mainly the cost of fuel. As the price of fuel goes up, the future of this 

method looks very dim. The general considerations for heat treatment 

can be found in Table 18. 

Based on the results reported herein and from the results of other 

researchers, there are several conclusions that can be reached about the 

various methods of soil stabilization. 

(a) No single chemical or combination of chemicals is likely to be 

the cure all, as far as soil stabilization is concerned. 

(b) Chemicals can help to reduce the susceptibility of expansive 

soil to moisture infiltration. Some chemicals that are used 
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as soil stabilizers are listed in Tables 19 and 20. 

(c) The type and amount of chemicals most useful in any situation 

is dependent on the physical, chemical and mineralogical com­

position of the soil. 

(d) Inorganic salts and bases permit lime treated soil to cure at 

lower temperatures. The free ions in the salt and base solu­

tions help strengthen the water- soil bonds, as indicated by 

Thornburn and Mura (43). 

(e) Salts reduce the freeze - thaw effect on soils. 

(f) Leaching of salts will occur if no protective cover is applied. 

(g) Ponding is a viable tool in highway construction for reducing 

the expansion of soils but not for building foundations, unless 

the moisture can be kept from drying out subsequently. 

(h) Many cases of where lime and/or lime injection have helped 

stabilize expansive soil are found in trade journals and publi­

cations. Members of Woodbine Corporation, of Fort \~orth, have 

performed many stabilization projects using lime and/or lime 

slurry, and their results have been very good . Their successes 

are well documented and can be found in many papers published 

by Wright (17, 48, 49, 50, 51), and in publications, such as 

Progressive Railroading (5, 22, 52) and Roads and Streets (23). 

(i) The success of a method of injecting a stabilizing agent into 

the soil relies upon the existence of a closely spaced network 

of cracks or seams in the soil mass in which the fluid can 

travel under pressure. As an alternative, very closely spaced 

injection holes may be used. 
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TABLE 19 

Chemicals and Proprietary Products Used as Soil Stabilizers 

Name of Materials 

AM - 9 

Aniline - Furfural 

Basic (R) 

Cl aPak 

Calcium Acrylate 

Fujibeton 

Geoseal 

L i qui -Road 

Paczyme 

Permaster 

Plastmofalt, Plasmossix 

Resinol 

Reynolds Road Packer 

RX- 1 , RX-2 

SA- l 

SC-50 (silicone) 

Soil Consolid-RSP 

Soil crete 

Soi 1 Seal 

SSA (178,179,180) 

Terrabind 

Terra Firmer 
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Producer of Developer 

Arne rica n Cyanamid Company 

H. Wi nterkorn 

American Basic Chemical s, Inc. 

Central Chemi cal Company 

Rohm and Haas Co . (T. W. Lambe, Jr. 
M. I. T.) 

Business Development Internati onal 

Borden , Inc . 

Humphrey Corporati on 

La rut an 

Terra-Perma, Inc. 

Tropical Agricultu ral Research 

Golden Bear Oil Company 

Zel Chemi cal Company 

Central Chemi cal Company 

Central Chemi ca l Company 

General Electric Company 

Nacco Est. 

General American Trans portation Co rp. 

Soil Seal Corporati on 

E.I.du Pont de Nemours Company 

Deutsche Terrabind­
Erdstabilsierings- GMBH 

Construction Chemicals, Inc. 



TABLE 19(Con't) 

Name of Materials 

Aliquat H - 226 
(Quaternary Amine) 

Arquad - 2HT 
(Quaternary Amine) 

Cellulose Compounds 

Chrome - Lignin 

Di atol 
(Emulsified Asphalt) 

Lignin Liquors 
and Compounds 

Lime, Hydraulic 

Lime, Waste 
(Carbide Lime from 
Acetylene Plants) 

PDC (portland cement­
Lime- Casein ) 

Phosphoric Acid 

Salt (Sodium Chloride) 

Terbec (TBC) 
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Producer or Deve 1 ope r 

General Mills, Inc. 

Armour Industrial Chemical Corp. 

Rayonier, Inc. 

Cornell University 

Unknown 

Rayonier, Inc. and Various Others 

Riverton Lime and Stone Company 

Chemical Lime Corporation and 
Others 

Products Development Company 

Monsanto Chemical Company, 
Tennessee Corporation 

The Salt Institute, 
Morton Sa 1 t Co . 

Dow Chemical Company 

(After Kinter (19)) 



TABLE 20 

Results of Tests on Chemicals as Soil Stabilizers 

Chemical or Type of 
Chemical 

Quaternary Amine 

PDC 

Terbec 

Lignin Liquors and 
Lignin and Cellulose 
Compounds 

Phosphoric Acid 

Asphalt Emulsions 
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Results 

Because of their cationic nature, 
they react readily with clay min­
erals, producing a strong floc­
culation and a considerable degree 
of water repellance. These amines, 
however, were not found to be signi­
ficantly effective for treating high­
way soils. 

The Project Development Company•s 
tests show that PDC is an effective 
soil stabilizer. However, the FHWA 
tests show that PDC is no more effec­
tive than the same lime-cement mix­
ture without the casein. 

FHWA tests show this chemical to 
be an effective waterproofer, but 
it did not permanently strengthen 
or improve clayey soils. 

The costs of Chrome-Lignin are ex­
cessive and the effectiveness of 
producing strength and water resis­
tance is dependent upon a partial 
drying back of the treated soils. 
Lignin liquor has proved ineffec­
tive from field tests by Iowa State 
University. 

Monsanto Chemical Company found 
that this chemical reacted with 
soils to increase their strength 
and water resistance. This chemical 
has been proved effective on soils 
in the eastern United States, but 
the cost is too high to be used 
economically. This chemical has 
also been proved dangerous to work­
men and corrosive to the road 
building equipment. 

Some success has been achieved on 
soils of low plasticity. Field 
tests have shown that this mixture 
develops adequate strength quickly. 



Chemical of Type of 
Chemical 

Special Limes 

TABLE 20 (Con • t.) 
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Results 

Hydraulic limes have proved to be 
an effective stabilizer, because 
of the high cement content. But 
it is not as effective as either 
portland cement or high grade 
lime. Waste lime has been shown 
to be about as effective as the 
equivalent quantity of dry lime. 
Because waste lime is in paste 
form difficulties of handling 
and shtpping have caused it to be 
seldom used . 

(After Kinter (19)) 



(j ) The permeability of a fluid entering a soil depends to a large 

extent upon the mineralogy of the soil and the chemical com­

position of the water in the soil and the entering fluid. 

The mechanism whereby the permeability of soil is altered by 

organic and inorganic fluids is not understood at present, 

alt hough it is known that some organic fluids such as carbon 

tetrachloride and benzene increase permeability of laboratory 

samples greatly. In order to be an effective permeant, a 

fl uid should increase the permeability of the soil to a level 

of about 10-4 em/sec. The only way of determining whether a 

particular fluid will have that effect upon a particular soil 

at t he present state of knowledge is by testing it in the 

laboratory. 

(k) Electro-osmosis can be effective in driving chemical solutions 

i nto soil but requires high DC voltage gradients and is a 

costly operation . It is generally uneconomical for highway 

operations but could be considered for spot operations. The 

effectiveness and voltage gradient requirements of electro-

osmo tic treatment can be estimated by laboratory tests. 

(1) Moisture can be stabilized beneath a covered area by placing 

a vertical or horizontal membrane around the area. The mem-

bra ne should extend to a depth below which moisture does not 

change substantially ( + 2%) with the seasons. 

(m) On any given site, or within a particular soil group, the most 

effective treatment must achieve a reduction in the swelling 

potential of the soil, a stabilization of the moisture re -

gi me beneath the foundation, and an economical operation. These 
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objectives can only be achieved by matching locally available 

equipment and trained personnel to the treatment method(s) 

that are most effective with that particular soil. Effective­

ness of such an operation in the field is usually heavily de­

pendent upon the cracked and seamed nature of the soil mass in 

the field to allow the treatment to be dispersed well through­

out the mass . 

Further research needs to be done in the area of combining the 

methods mentioned in this report into an economical and effective soil 

stabilization method . For example, the combination of lime slurry and 

soil replacement has been shown to work in problem areas where neither 

would work independently . 

Post Construction Remedial Work 

Post- construction remedial work is made more difficult by the need 

to preserve the integrity of the building while the treatment is being 

applied . Buildings with basements are more difficult to treat than those 

built on slabs -on-ground because of the problems of accessibility. 

Once it has been determined that remedial work must be undertaken, 

a soil and site investigation should be undertaken to determine the 

cause of damage . Broken water and sewer lines, high perched water tables, 

interception of seams or strata of water bearing sands or gravels, down ­

hill creep of the soil, the drying effect of trees, the malfunction or 

non -existence of drains around the perimeter of the building, poor drain ­

age around the building , including the improper handling of roof drain ­

age, leakage or unwise watering practices with a lawn watering system, 
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and a host of other such problems may be the cause of the damage. The 

remedy that is proposed should treat the cause(s) and not the symptoms 

of the damage, and a site investigation will help to reveal the cause(s). 

The remedy will usually involve altering one or more of these site con­

ditions before attempting to stabilize the properties of the soil. In 

some cases, no soil treatment will be necessary if the cause of the 

problem is corrected. 

If soil treatment is indicated by laboratory tests then some deter­

mination should be made of how effective the treatment is likely to be . 

A trench on site will reveal the presence or absence of cracks in the 

soil mass and seams of gravel or clean sand which are essential to the 

effective operation of a chemical injection method. There is a possi­

bility that some presently available state-of-the-art wave propagation 

devices may be capable of detecting the presence of these large cracks 

or voids non -destructively and thus avoid the need for trenching. The 

importance of this determination cannot be over-emphasized since it is 

impossible to tell from laboratory testing alone how effective the en­

visioned treatment will be in the field. It is certain that a soil with 

clay content and with only small cracks laced throughout the soil mass 

will be less effectively treated than the same soil with frequently 

spaced large cracks or seams of gravel or clean sand. These voids act 

both as a means of access for the treating fluid and as a reservoir 

which can continue to feed treating fluid into the intact blocks of soils 

surrounding the void. 

The laboratory tests that should be made to determine the effec­

tiveness of the chemical treatment should be more concerned with reducing 

the swelling potential than with reducing swelling pressure. The soil 
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should be allowed to take up the chemical by capillarity for a standard 

period of time (say 30 min) at a standard temperature and then tested 

using water as the permeant. This 1 imited period of accessibility to 

the chemical will tend to simulate the accessibility the fluid will have 

to the soil in the field. 

There are numerous new ideas that may be tried in remedial work. 

For example, a cable saw could saw a trench inside the basement. The 

trench will be filled with a thick fluid that sets into a viscous, im-

permeable vertical membrane. Asphalt rubbers would be very good for 

this purpose .. 

Many new chemicals could be tried. One of the potential spinoffs 

of the current interest in the impermeability of clay liners for toxic 

and harzardous waste disposal sites will be the identification of those 

organic fluids that have high permeabilities through clay. If one of 

the stabilizing salts mentioned in this report can be found to be soluble 

in one of these organic fluids, a new and possible more effective chemi­

cal treatment method will have been found. The permeability will have 

to be on the order of 10- 4 em/sec in order to be really effective and not 

need to rely so heavily upon the presence of cracks or gravel seams to 

become dispersed throughout the soil mass. 

Electro-osroosis may be an effective method of driving such a fluid 

into the soil, but this is speculation that must be proven by testing. 

A reservoir of treating fluid connected by manifolds into numerous 

injection points could provide a steady flow of the fluid into the soil 

mass and increase the possibility that more of the soil mass will 

actually come into contact with the fluid and be altered beneficially. 

The 11 injection points 11 could be vertical holes filled with clean sand 
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that will permit easy permeation of the treating fluid. The spacing of 

the 11 injection po i nts 11 should be closer together as the soil mass is 

less fractured or more intact. 

A slow 11 trickl e charge 11 of electrical D.C. voltage may assist in 

driving the treating fluid into the soil but this will require numerous 

metal rods driven into the 11 injection points 11 and other rods to act as 

the anodes toward which the fluid will flow. The process will take a 

considerable period of time of low voltage levels but a homeowner may be 

willing to stand for the expense if the process works. Several of these 

post -construct ion treatment techniques are summarized in Table 20. 

Numerous other speculative ideas could be suggested. Unfortunately, 

none of these have been tried in the field and proven to be feasib le . 

Yet the likelihood is there that some combination of t hese remedial 

measures will prove to be a generally successful measure for post-con­

struction treatment. 

76 



TABLE 21 

Summary of Post-construction Treatment Techniques 

Technique Effectiveness for Comments 
Post-construction 

Excavate and Poor Mu st remove the structure from site and 
Replace replace 

Drainage 
Improvements Fair Prevents further swell if properly 

applied 

Membrane Fair Prevents further swell if properly 
Placement installed 

Drill - hole Good Requires special equipment Lime 

Pressure Good Requires well developed crack pattern Injected 
Lime in soi 1 . Special equipment needed. 

Electro-
osmosis Poor Locali zed treatment only 

Ion ~1igration Good Not enough data availabl e to accurately 
choose chemi cal additive to use. 

Vertial 
Special trenching equipment needed. ~iSture Poor 

Membrane 

Mudjacking Poor Does not solve the problem, but acts as 
a t emporary remedial measure 

Overlay Poor Does not solve the problem, and usually 
used for highway pavements . 
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314630 DA 
DYNAMIC SHEAR MODULUS OF TREATED EXPANSI VE SOILS 
Au, WC; Chae . YS 
American Soc i ety of Civil Eng i neers 
Elton (WD) and Associates; Rutgers Un iver s i ty , Ne w Bruns wick 
ASCE Jou rna l of the Geotechnica l Eng i neeri ng Div VOL. 106 

NO. GT3 Ma r 1980 pp 255 - 273 11 Fi g . 3 Tab. 23 Ref . 
AVA IL ABLE FRO M: Engineering Soc i et i e s Libra ry 3 4 5 East 47th 

Street Ne w Yor k Ne w Yo rk 100 17 
REPOR T r•IO.: ASC E 15 2. 8 7 ; 
SUBFILE : HRIS 
Dy na mi c s hea r modul us o f e xp a nsi v e s oil s tr aa t ed with li me , 

sa l t , a nd lime -sa lt combi na tion h a s b een det e rm i n e d b y t he 
resona nt co lumn tec hnique to study the p arametri c e f fects of 
confining p ressur e , s hear- st r ain amplitude , deg ree of 
sa turat i o n, tr e at me n t l e v e l, type o f a dd i tives , a nd soi l 
st ruc tur e . The effect o f each of these parame t e r s o n the 
dy na mi c shear modulus wa s f o und to be s ignificant a nd could be 
e xp lained i n te rm s o f t h e c hange in macrost ruc tur e a nd 
c orrespond i ng c h a n ge in phy s iche mical pr o perti e s of the so il. 

J_t was found __ !hat the use o f add j _t i YE;!.§ __ _ i;qs_tabili z e e xpary ?.J\l.e 
sO}ls- riot on 1 y . . i mprov'e-d~ ~ -t·h~ - s t '<!.t is -- p_rope r,:_t i ~ ~ -: :)? ).i:_:=redu c: i ng 
s we lling and incr e a s ing the s h e ar s tr e ng t h, but a l s o improve~ 
t he .. .. . d y mi mi c ' p r ope r ti es . .. The tr e atme nt .. with.::~ __ fi .me --sa-1-t 
combinati o n was f o und t o be· ·t-h e -most . e ff e ctlve a s 1;he additi o n 
o f·- sa l t t o bent o nite c l a y ~ li me mlxtu~e · p;~~uced ~ ~c~ t a l~ f t ~ 
a~6i ) e rat t on of p ozzol ari i c r eac ti o n s a n d ne w · cemen tit i ous 
m{nera i's . ~ ': " ;,; as a'so fou_nd tha <: the d y nan: i c s hea r modu lu s 
s h owed· a :;;~cd cc:--re l at'o.n to t he s t at i c shear s-trength of t h e 
so il. (A SCC) 

w 

DESCRIPTORS: 
DYNAMIC SHEAR MODULUS 
EXPANSIVE SOILS 
LIMING OF SOILS 
MEC HANICS (EARTH MASS) 

·PHYSICOCHEMIC AL ~RO~E~TIES 
PRESSUR E 
SALT /SODIUM CHLORIDE/ 
SATURATION 
SHEAR STRENGTH 
SO IL SOLIDIFICATION 
STRAINS 
SWELLING SOILS 

307535 DA 
OVERVIEW FOR DESIGN OF FOUNDATIONS ON EXPANSI VE SOILS 
Johnson . LD 
Wat erway s Experime nt Station Geotechnical Laborato ry, 

Bo x 631 Vi c ksburg Mi ss is s ippi 39180; Department of the 
Office of t h e Chief of Engineers Washingt o n D.C. 20310 

Sep 1979 F i nal Rpt. iOB p . Figs . Tabs. 127 Re f. 4 App. 
REPOR T NO . : Mise Pacer GL - 79 -? ~-

P . O. 
Army 

CONTRACT NO.: AT4 0 EO 004; RDT&E 
SUBFI·LE : HRIS 
The desicin process for structures o n expansive clay s hould 

consist of a fea s ibll ity study, preliminary design phase to 
establish the overall concep t and a deta i led design phase to 
complete the engineering description o f the projec t . This 
report prov i des bac kground information for establishing the 
preliminary design of structures in swel l ing so il areas based 
on f i eld studies conducted by the U.S. Army Enginee r Wate rw a y s 
Experiment Stat ion ( WES) and experiences of numerous 
i nvest i gators. The overv iew ;n~J~es ana l y ses of s it e and 
:;_<:'_I_ l ___ .!._ n~est i gat i ons . ..!~PC!.9r?.r_!ly ___ ~m:t=). a n~s·6-~P:i~t:l"9 1 ~':cii6:9. 
dra·i n age ·a-ncr sofT stati .. T i i za t i on__ . .t'ilchn iqw.es~ ....... a. oq __ s_e Le_c_! _L0!'1.. __ 9f 
f he--f o U'ridaT·ro n ____ and -_S.L! P..§i'f:.~ }'~_lj:£: t.Y.!.~, Genera 1 s u ggest i ons f cir 
r·e iii"edi a r·r-·e-p'8-fr_o_f .. . e xi st ing stru ct u res are a l so provided. 
An a ly s i s o f the mo v e me nt o f cast - in -p l ace conc r e t e piers in 
s we ll i ng s oil a r e Inc luded to prov i de a bas t s f or de sign o f 
t hes e f o undati o n s . Nu me r o u s structures co nst ructed o n 
expa ns ive c l a y s oil have e x per ienced and s u s ta i n e d s ignificant 
dam a g e from dif fe r e nti a l h e ave a nd se t t lement. The types of 
struc t ures mos t of ten d a maged from h e aving so il include 
hi g hwa ys , f o undati o n s and wa ll s o f r e si de n t ial a nd l ight 
c o mmer c ial buildings , c ana l a n d reservo ir lini n g s , and 
r e taining wa lls. Th e leading cau se o f found a tion heave or 
se ttl e ment is c hange in s oil mos i t ure attribut e d to c hange in 
the fi e ld e nviro nmen t ( e . g ., c lima ti c c hang e s , pr e vention of 
e vapo r a ti o n b e nea th cov ered a r e a s , i mprope r dra i nage fol l owing 
cons t ruc ti o n a nd from u sage r equire me nt s o f t h e s truc ture. 
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263845 DA 
LIME TREATMENT BEING STEPPED UP IN SOUTH DAKOTA 
Roads and Streets VOL. 107 NO. 9 ·. Sep 19 '3 4 p 82 1964 
SUBFILE: HRIS 
Lime addition to subbase materials in roadbeds to control 

expensive (gumbo) so il s is apparently wor-k ing well in South 
Dakota. As a footnote to the feature report on this 
stabilization in April Roads and Streets, E. B. McDonald, 
materials engineer for the South Dakota Department of Highways 
reports that lime has been recommended for another ten 
Interstate and three primary construction projects. The 
Highway Department started the lime treatments on certa in 
projects in 1960. One of the first projects, I-29 south of 
Worthingt on in Lincoln County, was tested with the 
Rough-0-Meter ~achine and is apparently the smoothest "I" 
section between Sioux Falls and Sioux City. Prior to 1964 the 
department has used 58,121 tons of lime in subbase, earth 
s ubgrade, base course and mats on 127.8 miies of construction. 
McDonald sa id their experience so far has proven their ear lier 
laboratory findings. The lab tests had indi cated the 
possibility of reducing expansion in some so il s from 41 
percent to as l ow as 3.6 percent. The so il s include the 
highly-expansive bentonitic types. Now this stab ili zation is 
being cons idered for other parts of the state . The 
1 ime-treated roadbeds appa r ent ly withstand the freeze-thaw 
cycles that break up highways across the s~ate , according to 
McDonald. The extreme temperature differential in this region 
accentuates collection of moisture vapor in the upper roadbed 
layer, contr'buting to instab ility, uneven swe lling and road 
roughn2ss. :ost of lime treat~ent ;s aporcxtmately $50 per 
ton. ;~cl~ding cos t cf lime, m<xi~g and placement. In a news 
release to Sout~ ~akota newspapers. ~cJonald said that lime 
use will be relatively inexpens've over a per'od of time if it 
reduces ~aintenance costs and extends the life of the highway. 
An experimen:a1 project is under construct i on. designed to 
serve as an outdoor laboratory for study of long range effects 
of vari ous stab ilizati on methods. Troublesome gumbo soils are 
being treated variously with lime stabil izati on (said to show 
most promise), phosphoric acid and ferric sulfate, and a 
1 ime - asphalt combination. /ART/ 
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IRON COMPOUNDS 
LABORAToqy TESTS 
liME 
MOISTURE MOVEMENT 
PHOSPHORIC ACID 
ROADBEDS 
SOIL STABIL IZATION 
SU88fiSE 

<9 

SUBGRADES 
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262907 DA 
ELECTRO-OSMOTIC STABILIZATION OF EXPANSIVE SOILS 
Satyanarayana, B; Joshi, DK 
So il Mechanics and Fdn Eng Reg Conf (5th) S Af; .Cape Town; 

South Africa 
VOL. 2 .Proceed ing pp 119-23 2 Fig. 4 Tab. 18 Ref. 
SUBFILE: HRIS 

i 973 

In this investigation of the possibility of reducing 
s welling pressure of expans ive so il s by the addition of 
various chemicals (sodium oxalate, sodium chlor i de, lime and 
potassium chloride ) under e lectrosmotic condit i ons, potassium 
ch loride treatment proved to be the most successful technique 
in stab ili z ing the undesired properties in the filed without 
distrubance of the so il strata. Three different Indian soi l s 
with different expansion characteristics were investigated. 
M i nera 1 og i ca 1 • index and other so i 1 properties are tabu 1 a ted. 
Details are given of the tests that were conducted. The 
electro-osmotic treatment i s described in detail. The results 
are tabulated and discussed. Treatment with sodium chloride 
and potassium ch l or ide resulted in negligible swelling and 
swe lling pressures. The expansion characteristics were 
comp letely eliminated when treated with potassium chloride 
under e l ectrosmotic conditions and acted upon by an initial 
surcharge l oad of the order of 0.5 ton/sft. or more. The 
unconfined compress ive/strength of expansive so il s is 
increased by 30 to 40 percent and the cohesion of the triaxial 
shea~ strength is increased by 50 percent to 150 percent. The 
angle of Internal friction decreased sl i ghtly. These papers 
were presented at the F ifth Regional Conference for Africa for 
Soi l Mechanics and Foundation Engineering. 
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262556 DA 
BUILDING A WORKING TABLE WITH LIME 
Kelley , CM 
Ohio State University; .Department of Ci vil Engineering ; 

Columbus: Ohio; 43212 
National Lime As sociation 
Apr 1973 Proceeding pp 75 - 89 4 Tab. 17 Ref. 4 App. 1973 
SUBFILE: HRIS . 
the use of quicklime or hydrated lime for stab ili za ti on i s 

discussed ~i t h the goal of c reating a working table for the 
pavement struc ture . Results obtained from l i rue tr eatment of a 
heavy s ubgr ade soi l on I - 20 e a st of o,llas, Texa s , during the 
winter of 1954-55 provided a b as i s for tbG u nderstanding of 
improvement due to lime s ubgrade treatment. First, the limg 
was mixed and compac t ed during the wet season af late 1954 and 
early 1955. At that time Tex as wa s in E critical drou g ht 
period beg inning in 195 1 and endi~g in 1957. It i s now 
apparent that the lime-treated laye r formed a moisture barrier 
and helped maintain a uniform moisture condition below the 
stabilized layer . On the other hand, the fill sections were 
constructed with l ess moisture contro l s and ~ithout adequate 
subgrade and s lope protection and the we t and dry c ycles have 
produced cons iderable heaving over the 18 - year period. 
Following this illustration , lime stabilization of highly 
plastic s well ing subgrade so il s and wet , weak nonswelling 
subgrade so il s i s discussed. The remainder of the report 
deals ~ !th des ~gn considerations and includes typi ca l pavement 
sec tions to ass i st the engineer in designing a pavement using 
lime w!thout use of comp li ca t ed design formu las. The 
principal factors affecting the pavement design are traffic, 
subgrade report, and material used in the pavement structure. 
Proceedings of the Twenty - Seventh Annual O~io Transportation 
~ngi~ee~~ng Con~erence. Sponsored , in part. by the Ohio 
Departmer.t of Transpo~tation. 

OESCRIPTO~S: 

FOUNDATIONS (SOILS) 
HYDRATED LIME 
LIME 
PAVE MENT SUBGRADES 
QUICKLIME$ 
SOIL STABILIZATION 
SUBGRADE MOISTURE 
SUBGRADE TREATMENTS 
SWELLING SOILS 

260249 DA 
LIME IS NOT A PANACEA 
Graf , E:D 
Pressure Grout Company 
ASCE Civil Engineering VOL. 

1974 
SUS!=ILE: HRIS 
Tho ttr-,., ..... &. 1.1-- __ __ , 

44 NO. 7 .Ju1 1974 pp 47-49 

reviewed, and the injection of a lime slurry to penetrate~ 
heavy c lay i s discussed. Portland-cement or lime -sl urry 
pressure Injection sometime s work s well and sometimes poor ly . 
The use of these methods e ntail s a ri sk that the soi l will not 
be s tabilized. The case is discussed of the Dalla s /Fort Worth 
Airport. The aspect of lime migration is discussed and the 
observation i s made that lime does not migrate to any great 
extent from the hole where It is placed. It is concluded on 
the qasis of the evidence presented here, that it is 
Impractical, i f not impossible to treat an entire mass of cla y 
by injection of lime. Both lime and portland injection have 
limited use to reduce expansive soi l problems under ex i sting 
structures on a calculated risk basis. They should not be 
normally recommended procedure for new construction. Costs 
and benefits should be e xamined for the choice of either 
portland cement or lime. The low strength of unreacted 1 ime 
along t~e shear seams of 1 ime Inj ected clays , indicates that 
lime injection should not be used where lateral stab ility is 
important . Lime should not be used when the soil is high in 
sulphates. The use of 1 ime in acid soils and soi ls with 
sa li ne - alkal i sa lt s involve unknown hazards and the need i s 
indicated for studies in thi s area. The use o f lime must be 
preceded not only by the conventional soi l s engi neering 
laboratory tests but a l so by a rigorous soil chemi s try 
analysis. 
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238182 DA 
MEASURING IN-STTU SUCTION OF EXPANSIVE CLAYS 
Workshop Proceedings; .Stevens , vB; Matl ock, LH 
VOL. 1 . May 1973 pp 176-88 10 Fig 1ref 1973 
SUBFILE: HRIS 
The most promising device for determining in-situ syct lon of 

expansive clays appears to be the spanne r psychrometer. The 
advantages of spann"e:l.: psychrometers for field use include the 
following pints: (1) the psychrometer rapidly attains 
equllibriumafter impiacement; (2) immediat e response to 
c hanging cond itions; (3) littl e disturbar.ce of the in- s itu 
conditions; {4) s ma ll s i ze; and ( 5 ) measurements may be 
repeated. The principal limitations are: (1) extremely low 
l eve l s ignal s; (2) subject to contamination; and (3) 
temperature sens itivity . The spanner psychrometer consists 
simply of a thermocouple and attendant accessories. A recent 
variation of the basic device i s the doubl e junction 
psychrometer. Double junction psychrometers have two 
advantages over the single junction psychrometers generally in 
use. The first is automat i c temperature compensation which 
reduces the requirement of precise temperature contro l. The 
second is the abi lity to make dual measurements at the same 
poing . This provides a check on the readings obtained. The use 
of an access tube to install and remove psychrometers is 
expected to reduce contamination problems in the field use of 
psychrometers. 
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238181 DA 
FUNDAMENTAL MECHANI SMS INVOLVED IN EXPANSION OF CLAYS AS 

. PARTICULARY RELATED TO CLAY MINERALOGY 
Workshoo Proceedings; .Low, PF 
VOL. 1 . May 1973 pp 70-91 2 Fig 15 Ref 1973 
SUBFILE: HRIS 
A new hypothesis i s proposed to- explain clay swelling which 

takes into account the observed relation between free swelling 

and b-dimension. This hypothesis i s essentially as follows. 
The structures of interlayer water and montmorillonite conform 
to each other, i.e., epitaxy occurs, because of the hydrogen 
bonding that exists between them. As the interlayer water 
increases in thickness, it s structure tends to assume a 
preferred conf igurati o~ and the montmorillonite structure 
adjusts accordingly . This adjustment continues until the water 
achieves its preferred conf igurati on . Or, a lt ernatively, the 
montmor ill on it e structure relaxes as stresses acting on it are 
relived by the inclusion of water, and the water structure 
changes confomably. This relaxation cont inues until the water 
structure resists further st r a in. In e ither event, the 
b-dimension increases as the interlayer water increases in 
thickness and its final value is governed by the water. Hence, 
its i s the same for every maximally s wo ll en montmorillonite. 
The mutual adjustment . of the montmorillonite and water 
structures, which accompanies the absorption of water, 
necessarily causes a change in their structura l energies. The 
net change in energy i s presumed to be pegative. Therefore, 
the water i s absorbed spontaneou sly. Water absorpt ion 
( swe lling) stop when no further structura l adjustments occur, 
i. e., when the b-dimension reaches its final value. Thus, 
swel li ng i s related to the change in b - dimension. 
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233758 DA 
SUMMARY OF PROCEEDINGS OF WORKSHOP ON EXPANSIVE CLAYS AND 

SHALES IN HIGHWAY DESIGN AND CONSTRUCTION 
Lamb, DR; Hanna; SJ 
Wyoming University; .College of Engineeri ng, P.O. Box 3226, 

University Station: Laramie; Wyoming; 82070 
May 1973 22 pp 1973 
AVAILABLE FRO M: National Technical Information Service 5285 

Port Royal Road Springfield Virginia 22161 
REPORT NO.: FHWA - RD-73- 72; PB-226593 
SUBFILE: HRIS 
Responses to a questionna ire to the state highway 

departments. District of Columbia and Puerto Rice s howed that: 
(1) 36 highway departments h~ve problems with expans ive clays 
or shales. and (2) 19 highway departments r·ecogn i ze expansi ve 
c l a y s in pavement design criteria. Genera l Information is 
given regarding distribution of expansive c l ays in the. United 
States, including a map showing outcrop-formations having 
abundant montmorillonite. A discussion of micros tructure of 
clays and relation of soil swe lling to structure and 
interlayer water i s given. Some of the laboratory and field 
methods for mea s uring swe ll potential of c i a ys, g iven in 
proceedings papers, are mentioned. Eight procedures or 
techniques for treating expansive soi l s are li sted, and s ome 
are briefly discussed. Fa c tors and character i st i cs that are 
considered in design on expansive c l ays are li sted, but 
further research on the effect of some of these factors i s 
needed before a rat ional predict i on method for swe ll potential 
can be fc•~u 1ated, bas i c research on the swe ll ing mechanism i s 
needed . ~actcrs needing ~valuat ion in lor.g-~erm field studies 
are li sted. Other physicai and chemica l treatments, 
part i cula~ ly thermal or othe~ t~eatment of clays in place, 
need to be considered. Gu i delines for implemetation of known 
treatment methods for clays are given. /FHWA/ 
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233728 DA 
INTERIM REPORT VIII - EVALUATION OF COLLECTED DATA 1966-1969 
Shaw, LK; Haliburton, TA 
Oklahoma State University; 

Federal Highway Admini strat ion 
/US/ 

REPORT NO . : 64-01-3: 
SUBFILE: HRIS 
AN EVALUATION IS PRESENTED 

Tra~sportat i on Department /U S/; 
/US/; Bureau of Public Roads 

OF MOISTURE AND TEMPERATURE 

MEASUREMENTS TAKEN WITHIN EXPANSIVE CLAY SUBGRADE SOILS UNDER 
TYPICAL OKLAHOMA HIGHWAY PAVEMENTS. THE RESE ARCHERS DREW 
SEVERAL CONCLUSIONS: (1) EXCEPT DURING DROUGHTS, SUBGRAOE 
MOI STURE CONTENT VARIES SEASO NALLY, AND GRADUALLY INCREASES TO 
AN "EQUILIBRIUM" VALUE -- NEAR A MOI ST1R E CONTENT/PLASTIC LIMIT 
RATIO OF 1.1 TO 1.3. DURING DROUGHTS THE SO IL MAY DRY TO A 
DEPTH OF 10 FEET. (2) IMPERVIOUS PAVEMENTS WITH WIDE 
SHOULDERS, WITH IMPERVIOUS AND FLEXIBLE BASE COURSES, AND 
BUILT ON GRADE 0~ IN CUT SECTIONS PERFORMED BEST. (3) WIDE 
SHOULDERS REDUCED MOISTURE VARIATIONS BENEATH THE PAVEMENTS 
ALTHOUGH MOI ST 1RE CONTENT VARIED SIGNI FIC ANTLY UNDER THE 
SHOULDERS. (4) LATERAL AND VERTICAL SWELLI NG OF EXPA NSIVE 
OKLAHO MA SUBGRAOES CAUSED SIGNIFICANT DAMAGE TO SO IL -CE MENT 
BASE MA TERIAL AND TO PAVEMENTS WITHOUT BASE MATERIAL. ( 5 ) 
FLEXIBLE, IMPERVIOUS BASE MAT ERIALS, SUCH AS STABILIZED 
AGGREGATE BASE COURSES OR SAND - ASPHALT BASE COURSES, REDUCED 
INFILTRATION AND RESISTED CRACKING BETTER THA N SAND CUSHIO N OR 
SOIL - CEMENT BASE MAT ERIALS . /BPR/ 
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233521 DA 
ARIZONA'S EXPERIENCE WITH SWELLING CLAYS AND SHALES 
Workshop Proceedings; .Morris. GR 
VOL. 2 .May 1973 pp 283-5 1973 
SUBFILE: HRIS 
In Arizona most of the swelling clay 1 ies \n a very arid 

region. Membrane construction, full depth asphalt , widened cut 
ditches, and moisture control in embankments are being 
util izld. Two things presently being investigated in Arizona 
are chemical stabll ization and the possible placing of 
membranes over the entire pavement surface. 
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233520 OA 
KANSAS PROCEDURES· FOR HIGHWAY CONSTRUCTION IN SWELLING CLAYS 

AND SHALES 
Workshop Proceedins: .Clark, GN 
VOL. 2 .May 1973 pp 274·82 9 Ref 1973 
SUBF!LE: HRIS 
The Kansas approch to problems associated with expanding 

clays and clay shales has evolved over a p8riod of more than 
forty years. Tempered by experience, it now Includes A 
combination of 1 lme modification to reduce swell potential and 
design features and construction controls to minimize the 
degree to ~hich swell potential will adversely affect the 
performance of the paement structure. These measures would 
problably not be classified as drastic ln comparison with 
measures used in other are~s. They have tn general, given 
satisfactory results in Kansas. A significant point Is that 
the higher swelling soils are conc~ntrated in areas of heavier 
rainfall allowing measures confined to the upper portion of 
the subgrade to suffice. The same approach in A ·more severe 
environment would 1 ikely not give the same results. 
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233519 DA 
DESIGN OF MONTANA HIGHWAYS IN AREAS OF EXPANSIVE SOILS 
Work Shop Proceedings; .Hogan, JM 
VOL. 2 .~73 pp 262 - 73 8 Fig 1973 
SUBFILE:~ 

A brief discussion is given of experience with expansive 
clays by the Montana department of highways under the 
following subtitles: distribution of swelling soils; methods 
of sampling and testing; application of testing data; and 
evaluation of the expansion index test. 
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233518 DA 
SWELLING SOILS IN NORTH DAKOTA 
Workshop Proceedings; .Plummer, DD 
VOL. 2 .May 1973 pp 259 - 61 1973 
SUBFILE : HRIS 
A few brief comments were made on North Dakota' s experiences 

with s welling cl ay s and shales. It wa s pointed out that better 
field tests for identifying swelling soils are needed, and 
that also the need exists to make the information that is 
presently available on such soils more unsable for the 
operating or field engineers. 
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233517 OA 
PROBLEMS OF HIGH-VOLUME CHANGE SOILS IN NORTH DAKOTA 
Work s hop Proceedings: .Leer, OK 
VOL. 2 .May 1973 pp 256-8 1973 
SUBFILE: HRIS 
Following a brief review of problems encountered in North 

Dakota in areas with expansive soils, i t is concluded that the 
expansive soils are no longer the problem that they were in 
1967 or prior to that time. This i s due to the fact that the 
continuously reinforced paving concept has been employed and 
new compaction standrads , whereby soils are compacted to a 
lower density and a higher moi s ture content, have been 
followed. There may be ot her problems with the continuously 
reinforced concre~e pavement in the fvtrue but for the 
present. it apoears to be the answer to pavement roughness for 
constructing roadways in the areas having expansive soils. 
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233516 DA 
EXPANSIVE SOILS IN WYOMING HIGHWAYS 
Work s hop Proceedings; .Diller, DG 
VOL. 2 .May 1973 pp 250-5 1973 
SUBFILE: HRIS 
This paper briefly summarizes the problems encountered i n 

constructing highways in Wyoming in areas with expansive 
soils, and mentions the methods which were used to solve them. 
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233515 DA 
CALIFORNIA'S GENERAL EXPERIENCES 
Shop Proceedings; .Smith, RE 
VOL. 2 .May 1973 pp 295 - 9 1973 
SUBFILE: HRIS 
A very brief review is presented 

experiencies In constructing highways in 
expansive soils. 
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233514 DA 

of california's 
areas having 

REVIEW OF HIGHWAY DESIGN AND CONSTRUCTION THROUGH EXPANSIVE 
SOILS IN SOUTH DAKOTA ON I-95-MISSIOURI RIVER WEST - 135 MILES 

Workshop Proceedings; .Mcdonald. EB; Potter. AW 
VOL. 2 .May 1973 pp 230-44 4 Fig 8 Ref 1973 
SUBFILE: HRIS 
In this report a review is presented of research studies 

conducted on expansive soils in South Dakota. Conclusions on 
the basis of this review are as follows: (1) it is possible to 
achieve relatively good moisture and density control by 
designating ro1ler passes and makeing frequent moisture tests. 
(2) control of special undercutting and soil selection can be 
assured by use of specially trained crews from the central 
materials section, assigned to control the work. (3) extreme 
warping and heaving of the subgrade, over narrow fault lines, 
appears to be reduced by deep undercutting 0f expansive shale 
and replaseme~t with 1ower liquid limit soil. (4) definite 
conclusio~s o~ imp~ovement of ~ideability of the full length 
of the interstcte ~cute, where the special undercut and 
back~i,l des:g~ ~e~s employed, will not ~e p~ssible unti1 at 
least five ~c r ~ yea~ s have elapssd At this ooint 1n ~ime, the 
rideability o~ the surfacing is extremely oood and appears to 
be better than on-~ther similar highwa~s-constructed through 
Pierre shale where specifications did not require deep 
undercutting and more rigid control of comp~ction efforts and 
moisture appl lcat!on. (5) long range cost comparisons are 

necessarily dependent on time and at this point it is not 
possible to know definitely how the two surfacing types wi~l 
compare. 
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233513 DA 
UTAH'S PROBLEMS WITH SWELLI NG SOILS 
Workshop Proceed ings ; . Pr i ce , DT 
VOL. 2 . May 1973 pp 220 - 9 7 Fig 197 3 
SUBFILE: HRIS 
The majority of ut ah's problems with s welling so il s occur s 

in the mancos sha l e area s . To date a pavement s tructu re whi ch 
will adequately prevent or suppress hea ving to A t o lerab l e 
l eve l ha s not been designed. Presently the~e are approximately 
130 mile s of state hi ghway and 90 lane mi les of inters tat e 
thr o ugh the ma cos shale a rea s, and it i s expected that the r e 
will b e 80 more lane mil es of interstat e constructed in the 
mancos s hal e. Utah's problem, the r e fore, stems from t he fa c t 
that a considerable maintenance burden will re s ult if the 
s we lling of the mancos shale c annot be cor1trolled by adequ a t e 
pavement s tructures and roadway construc,ion prac ti ces . 
Bri ef ly, this r eport (1) reviews the propertie s of 
c h a r ac teri s tic s o f the mancos s ha l e , (2) revi e ws the variou s 
designs hwich have been u sed in an attempt to prevent 
s wel ling, (3) indi cates the r e lative effects o f these design 
methods, and (4) attempts t o explain why these designs were 
not success ful. 
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2335 12 DA 
CONTROL OF VOLUME CHANGES IN EXPANSIVE EARTH MATERIALS 
Workshop Proceed ings; . Mitc hell, TK; Raad , L 
VOL. 2 .May 1973 pp 200-19 4 Fig 2 Tab Ref s 1973 
SUBF IL E : HRIS 
Methods for the contro l of volume c hanges in expansive so il s 

have been d ivi ded int o (1) techniques that do not require 
add i ti ves : compact i on contro l, prewetting, h eat ing ; and (2) 
techniqu es using additives: lime , cement, c hemi ca l s. Much can 
be done through control of compact i o n. A moderate density wet 
of op timum wat er conten t using a s heepsfoot roller should 
"'.:""".:-~-- - ··- ", 

compacted c l ay shou l d enab l e des i gns accounting for strength, 
volume change , and permeab ili ty criter ia. Prewetting is an 
effe~tive mans of v olume change co~tro l when time i s not 
cr iti ca l . Lim·e treatment of the upper 6 to 12 inches of the 
wetted so il can be u sed to inc r ease strengt h and facilitate 
construct i on . L ime cont inue s to be the most effect ive additive 
for stab ilizati on , and tt1e deep- p l o w met hod provides means 
for treatment to depths up to 36 inches. On the other hand 
stab ili za tion using lime slur ri es and lime piles i s o f 
doubtful value , e xcep t in dried, fi ssured mate rial s . No 
c h e mi ca l s ha v e b een found that are compet itive with lime for 
trea tme nt of e xpans ive c lays. Proprietary c h e mical s tab il ize r s 
and compa c ti o n· a ids have not ye t b een s h o wn e ffective for 
control of volume c hange . 
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2335 11 DA 
MOI STURE STABILIZATION BY MEMBRANES , ENCAPSULATION AND FULL 

DEPTH PAVING 
Work s hop Proceedings; .Brakey, BA 
VOL . 2 . May 1973 pp 155-89 14 F i g 7 Ref 
SUB FILE: HRIS 

197 3 

From a review of severa l e xperimen tal projects ( at clifton, 
ordway , elk spri n s . and other s ites ) const ruct ed on expans ive 
so il s in varous regions of co l o rado the following conc lu s ions 
we re drawn: (1) cata lyti cal ly blown asphalt membranes can be 
placed for about 50 cents pe r square yard and are effective in 
maintaining as-constructed moi sture In s ubgrade soils. ( 2 ) 
full depth asphalt bases are effective in reduc ing moisture 
buildup in s ubgrade so il s. Special precautions are needed, 
however, to prevent moi sture change cycles at the s houlder s in 
order t o prevent longitudinal cracking in tt1e pavement a few 
feet in from the shoulder . (3) granular untreated bases, 
either direct ly or indirec tly, are re spons ibl e f or the higher 
mo istures found under s u c h bases in compari s on to full depth 
a s phalt bases . (4) encapsulated or enveloped s ubgrade so il s 
remain at a lower moi sture cont e nt. Thi s coes not appe~r to be 
economi ca lly practical. howe ver, s ince on the elk spr ings 
proj ect . ·enough add ti o na l soil support wa s no t gained over 
that under asphalt base to off~t the extra cos t of placing 
the me mbrane. (5) so il s upport values under asphalt membranes 
and full depth asphalt bases are considerably higher than 
under granula :' untreated bases whe n c ompared for s imtlar 
conditions. A ne w corr e l a tion of laborator y stabilometer R 
values and field so il support values f or the drier cond itions 
is s ugges t ed. Under conditions s imil ar to ordway and e lk 
springs . this wou ld result in a decreased thickness of the 
pavement s truct ure o f about 0.4 5 s tructura l number be l o w that 
ca ll ed for by the c urre nt co l o rado flexible pavement des i gn 
procedure. (6) the current co lorado design procedure for 
flexible pavements i s reasonably accurate for untreated 
granular bases and shows no need for adjustment . ( 7 ) it i s not 
practical to reproduce field moistu re cond itions when molding 
stab il ometer spec imens in the 1aborator y to predict act u a l 
field so i1 supoort va lues. 
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233509 DA 
MEMBRANES AND ENCAPSULATION OF SO ILS FOR CONTROL OF SWELLING 
Wor k s hop Proceedings ; .Hnmmitt, GM; Ahlvin, RG 
VOL . 2 .May 197 3 pp 80 - 95 3 Fig 12 Ref 1973 
SUBF IL E: HRI S 
The advantages of peventing the entrance of moi st u re from 

above or below a layer of so il are obvious to designer and 
con struction engineers alike. One procedure u sed in an a tt empt 
to seal out moisture invo lves the technique of placing 
impervious me mbranes between the so il layer and possible 
sources of moisture. Previously, the major drawbac k to 
e xt ens ive employment of s uch construct1on t echniques ha s b een 
e ither the lac k of integr ity of l o w-cost membrane mat er ial~ or 
the relative ly high cost of me mbrane mater ial s having better 
durability tr a it s. Ho we ver , rece nt work completed by the U. S . 
Arlmy engi neer waterway s experiment station has developed a 
durable, ine xpens ive combinati on o f membranes a nd proper 
con struct i o n techniques, whi c h together o ve r come the pa s t 
r est ri c ti ons f o r u se o f membrane wat erproof ing. This report 
d esc ribe s a me mbr a ne- e nve l oped so il layer (mes l) system. It 
cons i sts of A subgrade upon whi c h a foundation layer of 
compac ted so il ( con s truc t ed from natural subgrade or l oca lly 
available so il) li es between a l o wer and upper waterp roof 
mmbrane. The membranes are j o inted and sea l ed a l ong the edges , 
forming a wat erproof encapsu lated so il system. Fo ll o wing A 
brief d i scuss i on of materials development, the construct ion 
technique f or successfu l ins t a llati on of a mesa l s y s t em i s 
presented. Results of st ructu r a l and cost analysis studies are 
g iven and the limit ations of the system are pointed out. Brief 
mention i s made of an a lt ernate construct ion procedure whi ch 
i s current ly be ing invest i gated. 
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233508 DA 
OBSERVATION OF EXPANSIVE CLAYS IN ROADWAYS 
Aorkshop Proceedings; .Stevens. JB; Matloc k. H 
VOL. 2 .May 197 3 pp 49-65 10 Fig 1 Tab 5 Ref 1973 
SUBFILE: HRIS 
Expans ive clays in Texas are esti mated to cause 9 million 

dollars In damages to state highways annually. This amount of 
money reflects only the maintenance cost attr i butable to 
expansive clays and not the degration of ride quality and 
serviceability to the public . One purpose of c urrent studies 
is to make comparisons of fi8ld observations with predictive 
methods in attempting to reduce this annuai maintenance bill 
and the l nconveniene to the motorist. Four different methods 
are available f o r reduc ing the detr imenta l effects of s welling 
c l ays: (1) removal of the clay; (2) chemical a lt ernation; (3) 
encapsulation in waterproof membranes; and (4) change of the 
water content to that expec t ed after construction . The last 
method i s b e ing studied most closely at this time. 
Observations are made in thi s report of two me thods proposed 
by the Texas highway department for c hanging the in -s itu water 
content prior to construction : dry-land farming and pending. A 
numerical technique for predicting moisture movement In 
unsaturated so il s ha s already been developed. A long - term 
field e xperimen t i s described in this report whi c h will 
provide a test comarison under controll ed conditions. 
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233507 DA 
SOIL MODIFICATION HIGHWAY PROJECTS IN COLORADO 
Workshop Proceedings; .Gerhardt, BB 
VOL . 2 .May 1973 pp 33-48 7 Fig 1973 
SUBFILE: HRIS 
The high incidence of roadway failures in eastern co lorado 

due to swel ling so il s has led to a multitude of attempts to 
prevent repeat performances. Some of the idea s that have been 
expressed for reducing subgrade s wellings ar9 the following: 

(1) make cuts wide so water is far from pavement and use f ill 
sectons only , i¥ possible; (2E subexcav~te cuts and replace 
with nonswelling material; (3) subexcavate cuts and replace 
with the same material, but treated to be nonswell ing; (4) 
spread some magic fluid or powder over the subgrade tha t will 
make the subgrade inert (nonswelling); (5) if this fluid will 
not soak in, pump it in or drill holes and let it soak in; ' (6) 
place an impervious blanket over or around the shou lders and 
ditches to keep the water out; (7) use a thick impervious 
pavement as a blanket o prevent water from ente ring the 
subgrade (deep strength pavement); and (8) construct the 
roadway over the s welling so il as economically as possible and 
when the subgrade r eaches moi s ture equi librium, place A thi c k 
l evel ing course over it to take out the bumps ( compaction 
without moisture-dens ity control). Since 1962, cons truc tion 
projects have been set up and carr ied out to test every one of 
these ideas at l east once. This paper describes ~hese projects 
and presents an analysis of the results in a brief form. 
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233506 DA 

USES OF HYDRATED LIME (MOVIE) --AND--LIME STABILIZATION OF 
EXPANSIVE CLAYS AT THE DALLAS-FORT WORTH AI RPORT AND MOVIE 
COMMENTARY 

Wo rk shop Proceed ings; .Ke ll e y , C 
VOL. 2 .May 1973 pp 28 -32 1973 
SUB FILE : HRIS 
The des i gn a nd construction of the dallas-fort worth 

regional a i rport i s d i scu ssed in order to Illustrate l arge­
sca l e so il stab ili zation a~d paving problems. Tests have shown 
that undes irab l e subgrade so il s f ound in the area can be 
transformed Into a stable, essentially non -s we lling friable 
mixture if lime i s added and adequately mixed. Besides 
stab ili z ing and improv ing the st ructu r a l capab ility o f the 
treated l a y e r, the lime will a l so ma k e the treated l aye r 
impervi ous. Var i ous methods utilized in t n e stab ili zation 
process are discussed. 
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233505 OA 
MISSISSIPPI'S EXPERI MENTAL WORK ON ACTIVE CLAYS 
Workshop Proceed ings; .Teng, TC; Maddox , RM; Cl i sby, MB 
VOL. 2 .May 1973 pp 1-27 25 F i g 2 Ref 1973 
SUBFILE: HRIS 
In the yazoo, porter's creek, and z ilpha clay areas that 

cover l arge areas of Mi ss i ss ipp i, pavements have been bad ly 
distorted and destroyed by the behav i or of the highly 
expans ive subgrades . An Investi gat i on was conducted to produce 
a def initive s tudy f or the predict i on of the movement of 
c lays, and to present to the hi ghway engineers ~ construction 
method that would el im inate or great l y reduce the heave of the 
subgrade after the comp l et i on of the roadway. The des i gn and 
construction of the researc h project are discussed I n this 
report, and the results and s ubsequent recomme ndations are 
presented . 
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233504 DA 
PROCEEDINGS OF WORKSHOP ON EXPANSIVE CLAYS AND SHALES IN 

HIGHWAY DESIGN AND CONSTRUCTION 
Wy oming Univers ity; .Lamb, DR; Ha nna, SJ 
VOL. 2 .May 197 3 3 18 pp r igs Tabs Refs 1973 
SUBFILE : HRI5 
These proceedings are compri sed of techni ca l papers , 

report s , remarks and discussions presented at the work shop on 
"expans ive c l ays and sha l es in highway design and 
construct i on ,• In Denver , co lorado. The proceedings cover the 
state o f the art en hi g hway de s ign and construction on 
e xpansi ve clays and s ha l es. Volume 2 contains papers, repo r ts 
and discussions regarding: (1) met hods ol modifying o r 
treating expans ive c l ays and s hales to pr e v e nt detrimental 
volume c hange ; {2) fact o rs and characteristics of e xpansi v e 
clays used in highway design on in o r with expansi~e c l a y s and 
s ha l es ; and {3 ) selected s tate s ummari es on probl e ms with 
e xpans i ve c lays, and design or tr ea tme nt methods , inc luding 
case histories. /author / 
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HIGHWAY CONSTRUCTION 
HIGHWAY DESiGN 
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SHAL ES 
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SOIL. ST ABILIZATI ON 
SOIL STRUCTUR E 
SWELL TEST 
SWEL LING IND EX 
SWELLING SOii.S 

233458 DA 
THE CURRENT PRACTIVE OF BUILDING LIGHTLY LOADED STRUCTURES 

ON EXPANSIVE SOILS IN THE DENVER METROPOLITIAN AREA 
Workshop Proceed ings ; . Sea ly, CO 
VOL. 1 . Ma y 1973 pp 295-314 4 Fig 6 Re f 1973 
SUBFILE: HRI S 
The current practive o f building lightly loaded st ructures 

on e xpansi ve s oil s in Denver has been relative ly s uccess ful. 
Method s a~d t echniques have bee~ d e ve loped thro ugh experienc~ 
to help cope with the problems created by s welling s oil s. Some 
foundation systems ha ve b een over- des1gne d and a f e w 
foundations have not performed satisfactorily b ecau se the 
assumptions and the judgement s made by the s oli e ngineer we re 
no t correct . S ite s that we re con s i de r ed not u seab le in the 

Thus the demands imposed upong the so il eng ineer by owners and 
builders are ever increasing. It 1s obvious htat n e w 
techniques must be developed to better understand the natu re 
of expan s ive soils i n order to met these demands. 
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CLAY MIN ERALS 
ENCAPSULATION 
EXPANSIVE CLA YS 
EXPANS IV E SOILS 
FOUNDATIONS (SOILS ) 
GEOLOGY /SOILS/ 
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189930 DA 
DE SIGN AND CONSTRUCTION OF AIRPORT PAVEMENTS ON EXPANSIVE 

SOILS 
McKeen , RG 
Transportation Research Boa rd Spec ial Repor t N17 5 pp 57 - ~9 

13 Ref. 19 78 · 
AVAI LABLE FRO M: Transportation Research Board Publications 

Offi ce 2 10 1 Const ituti on Avenue, NW Was hing t on D.C. 20418 
SUBFILE: HRIS 
This inves tigat i o n reviewed the current eng ineer ing 

literature a nd s ynthes i zed from it a design procedure for· 
stab il ! z ing expans ive so il s beneath airport pavements. To do 
thi s , the s tudy was divided into s pec ifi c a r eas: Methods of 
identifying and c l ass ifying the types of so il that are 
cons idered expansive and cau se early pavement distress; 
Laboratory and field test me thods to determine the l eve l of 
expa n s i o n and shrinkage, i .e ., pred i ct i on of heave; and the 
design of stabil i zed so il l ayers inc luding ( a ) se l ect i on of 
the type and amount of stab ili z ing agent ( s uch as lime , 
cement, or aspha lt), (b) test methods to determine the 
physical properti es of stab ili zed so il, ( c ) test methods to 
determine t he durab il tty of stab ili zed so il, and ( d ) field 
construction criter i a a nd procedures. The conc lusions and 
recommendations are based on the current literatur e , without 
l abo r ator y ver ifi cat i on. So il - vo lume changes caused by 
factors s uch as frost heave and sa lt heav e were not studied . 
It was fou nd that whil e procedures for soi l stab ili zat i on have· 
improved significant ly, the test methods that were deve l oped 
do not provide a marked impro vement over t hose current ly used. 
This paper appeared in TRB Spec i a l Report 17 5 , Research in 
Airport Pavement. 

DESCRIPTORS: 
AIRPORT RUNWAYS 
EXPA NSI VE SOILS 
FIELD TESTS 
LABORATORY TESTS 
PAVE MENT CONSTRUCTION 
PAVEMENT DESIGN 
PAV EMENT DESiGN AND PERfORMANCE 
PAV EMENT DISTRESS 
SOIL CLASSIFiCATIONS 
SOIL STABIL1ZATION 

188990 DA 
EXPANSI VE AND SHRINKING SOILS -- BUILDING DESIGN PROBLEMS 

BEING ATTACKED 
Godfrey, KA, Jr 
ASCE Civil Eng ineering VOL. 48 NO. 

1978 
10 .Oct 1978 pp 87 - 9 1 

AVAILABLE FRO M: Engineer ing Societies Library 345 East 47th 
Street Ne w York New York 100 17 

SUBF!LE: EIT; HRIS; RRIS 
Expans ive so il s damage thousands of buil dings and many miles 

of hi ghwa y each year. Ho w and why these types of c lay s expand 
is exp lained . Ho w geotechn i ca l eng ineers in Co l orado, Texas 
and Mi ss i ss i pp i are preventing or cur ing the prob l ems i s 
exp l a ined , in case hi stori e~ and in general gu ide lines. 
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EXPANSI VE CLAYS 
EXPANS IV E SOILS 
FOUNDATIONS 
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RIGHT OF WAY 
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180509 DA 
LIME STABILIZATION ON FRIANT - KERN CANAL 
Howard , AK; Bara, JP 
Bureau of Reclamation , Denver, Co l o. Engineering and 

Research Center. 
Dec 1976 60p 
AVAILABL E FROM: National Technical Information Service 5285 

Port Royal Road Springfi e ld Virginia 22161 
REPORT NO.: REC - ERC - 76-20; PB - 279 542/SST 
SUBFILE: NTIS 
S ince construction in the lat e 19 40' s, the Friant - Kern Canal 

has experienced cracking, s l !ding, and sloughing of the side 
slopes in areas of expans ive clays in both the concrete - lined 
and earth - lined portions . In the early 1970's, Bureau of 
Reclamation designers decided to remove portions of the canal 
lining, flatten the slopes, and reline the canal using a 
compacted soil-1 ime mixture in an attempt to stabilize the 
slopes. The project added 4 percent (based on dry soil weight) 
granular quicklime to the soil. Laboratory tests on the 
compacted soil-1 ime mixture showed that (1) soil-lime was 
about 20 time s stronger than the untreat e d clay, (2) the 
strengt h of the soil-1 lme increases with time, (3) the 
plasticity index of the natural soil was reduced from 40 to 10 
or l ess after adding the lime, and (4) the compress ive 
strength of the so il-lime was dependent on the compacted 
density. 

DESC RI PTORS: 
CALCIUM OXIDES 
CALIFORNIA 
CANAL S 
CLAY SO ILS 
EMBANKM ENTS 
EXPANSIVE SOILS 
FRIANT KERN CANAL 
SLOPE PROTECTION 
SOIL ?RDPERTIES 
SO IL STABILIZATION 

17780 1 PR 
DES IGN AND CONSTRUCTION OF PAVEMENTS ON EXPANSIVE SOILS 

(EVALUATION OF THE SWELL CHARACTERISTICS OF AIRFIELD PAVEMENT 
SUBGRADES ) 

INV ES TIGATORS: Mc Keen, RG 
PERFOR MING ORG: Ne w Me xi co Univers ity, Albuquerque P.O. Box 

25, University Sta ti o n Albuquerque Ne w Mexico 87 131 
SPONSORING ORG : Federal Aviat ion Admini s tration Department 

o f Transportation; Department of the Air Force Civil and 
Env i ronmenta l Engineering Development Office 

CONTRACT NO.: F29601 - 76 -6- 0015; Contract 
SUBFILE: HRIS 
PROJECT ST ART DATE: 7702 
PROJECT TER MINATION DATE: 8 101 

predi ct i ons or a s c rit e ria for initiating a detailed soils 
investiga tion. Test methods considered involvemeasurement o f 
the v o lume response of s oil s to moistu~e and l oad cha nge s . 
Phase 3 - Pro vide procedures for s tudying in-situ moisture 
ret e ntion f orce profiles and the ir v ar i at i on with c lima te. 
Procedu res are intend e d to produce design da t a . S tudy the 
l oad-re ten t i on f o r ce- volume relations hip for v a ri o us s oi s l and 
the inf luence of c hemica l s tabili zers on thi s relati o nship. 
Pha s e 4 --Conduct a study of a i rport pav e me nt r o ughness already 
~easured on s ome twenty runway s with s ubgrade properties in 
order to quantify the influence of p a vement s tiffness on 
heave- roughness r e lati o nships. A report also on Phase II 
(March 197 6 to November 1978 ); Phase III (D ecembe r 1978 to 
January 1980). 
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148367 DA 
ELECTROCHEMICAL HARDENING OF EXPANSIVE CLAYS 
O' Bannon , CE; Morr i s , GR ; Manc ini, FP 
Ari zona S t ate Unive r s ity, Tempe; Ari zona Department of 

Transportati on. 
Transportation Research Record N593 pp 46 - 50 5 Fig. 1976 
AVAI LAB LE FRO M: Transportation Research Board Publications 

Office 2 101 Const ituti on Av e nue , N~ Was hington D.C. 204 18 
SUBFILE: HRIS 
This paper i s concerned with a l arge-sca l e s we lling so il 

s tabtl ization project that was unde r taken by the Ari zona 
Department of Transportation in July 1973. The site chosen 
f or the s tudy was approximate ly i46 m (480 ft) o f the 
westbound l ane o n I-40 a b out 56 km (3 5 mil es ) east of 
Holbrook , Ar i zona. The stab ili zat i o n technique u sed wa s 
electroosmosis and a 0.4 N KCI so lution for inundating the 
c l ayey mass of the s ite. This result ed in an a verage 36 
percent decrease in the percentage o f s wel l and a 60 percent 
reduction in s wel l pressure o f the Chinle c l a y . X-ray 
diffraction and e lectron micrograph data Indi cated possible 
causative factors of the reduction in s we ll pressure and 
percentage of s we ll. 

DESCRIPTORS: 
CHI NLE CLA Y 
ELECTROCHE MISTR Y 
ELECTRO N MICRO GR APHS 
ELECTROOS MOSIS 
EXPANSi:VO: CC.A YS 
HARDENING 
SOIL SCIC: NC:O 
SOIL STABILIZATION 
SWELLI NG SOILS 
X RAY DIFFRACTION 

14402G DA 

@ FIELD STABI LIZATION OF 
BASE EXCHANGE OF IONS 

Mancini , FP : O'Bannon , CE 

CHINL E CLAY BY ELECTRO -OSMO SI S AND 

Arizona Department of Transportation; .Research Branch , 206 
South 17th Avenue; Phoenix; Tempe; Arizona; 85007; 85281 

Oct 1975 Final Rpt. 138 pp 1975 
AVAILABLE FROM: National Technical Information Servi ce 5285 

Port Royal Road Spr ingf i eld Virginia 22 16 1 
REPORT NO.: FHWA/A Z/RD-145; PB - 2586 16 / 2ST 
SUBFILE: NTIS; HRIS 
A l arge scale soi l stab ili zat i on project was ini tiated in 

July 1973. A 500-foot sect i on , which is part of a 1300 foot 
cut on I- 40 35 miles east of Holbrook, Arizona, was selected 
as the test site. The natura l so il i n the area i s Chin l e clay , 
a highly expansive Montmor ill on i te clay. The stab ili zation 
technique used on the Ch inl e c l a y was treatment with a 0.4N 
solution of KC1 and electroche~ t cal act i on . Resu l ts show that 
this met hod of soil stab ili zat i on produced a moderate decrease 

in the s we lling cha r acter i st i cs of the Chinfe c l ay , i. e .. 
about a 50% decrease in expans ive pressure and a 36% decrease 
in pe r cent swe ll. Moreover , the e l ectron miciographic and 
x-ray diffraction data have indi cated some probable causat ive 
factors for the decrease in the s we lling charac~ erist i cs of 
the Ch inl e c l a y. Prepared in cooperation with Ari zona State 
Univ .. Tempe. 
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142755 DA 
FOUNDATIONS ON EXPANSIVE SOILS 
Chen, FH 
Elsevi er Scientific Publishing Company 335 Jan Van 

Galenstraat, P.D. Box 211 Am sterdam Netherlands 0-444-41393-6 
Chen and Associates, Incorporated 
1975 Monograph 28 pp Figs. Tabs. Phots. Refs. 
REPORT NO . : Report Number 12; 
SUBFILE: TRRL; IRRD; HRIS 
The first part of the book deals with the nature of 

expansive soils and the mechanics of soi l swell ing . The me rit s 
of using drilled pier foundatio n s to overcome the swelling 
problem for a lightly loaded struct ure are di scussed. Other 
foundation systems, such as pad and wet foundations, are also 
discussed. The difficultiPs of sl~b-cn-ground construction en 
swelling soils are considered, together with the so lution of 
the problem by means of so il prewetting, the installation of a 
moisture barrier and by adequate drainage. Soil stabi lizat ion 
b y compact ion contro l, by replacement and by chem i cal 
admixture a re stil l in the experiment a l stage in this 
connection. In the second part of the book case studi es 
concerned with building foundations are presented. /TRRL/ 
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138137 DA 
PRESSURE-INJECTED LIME FOR TREATMENT OF SWELLING SOILS 
Thompson. MR; Robnett, OL 
Illinois University, Urbana 
Transportat ion Research Record N568 pp 24 - 34 2 Fig. 32 Ref. 
1976 
AVAILABLE FROM: Transportation Research Board Publicati o n s 

Office 2101 Constitution Avenue, NW Wa shington D. C. 20418 
SUBFILE: HRIS; RRIS 
The pressure-injected lime technique for treating swelling 

soi l s is described and eva luated. Basic mechanisms of 

and the ef f ects of treatments with pressure - injec ted 1 ime are 
discu s sed. Typical fi e ld e xperi ences with pressure- injected 
lime are s ummarized, and the factor s that appear to influence 
the effectiveness of the technique are identifi e d. There are 
conflict ing reports concern ing the effectiveness of 
pressure - inj ected lime treatment of expansive soils. The 
condition most favoring the a c hievement of s uccessful 
pressure-injected lime treatment of expansive soils is the 
presence of an extens ivP. fissure and crack network into which 
the lime slurry can be successful ly injected. The proposed 
treatment mechanisms (prewetting, development of so il -1 ime 
moisture barriers, and effective swe ll restraint with the 
formation of limited quantities of soil-1 im e reaction . 
products) have validity. The relative significance of the 
prewetting and soil-1 ime pozzolanic reaction aspects of 
pressure-injected lime treatment has not been estab li shed. 
The various statements and r e ports in the literature and the 
information presented in the paper suggest that 
pressure-injected lime may not be effect ive under all 
circums t ances but that in appropriate conditions it can be 
satisfactorily and economically used. It is indi cated that 
appropriate guidelines and principles should be developed for 
eva luati ng (on a site-by-s ite basis ) the potential 
effect iveness of pres s ure-injected lime treatment. Report 
prepared for the 54th Annual Meeting of the Transportation 
Research Board. 
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094027 DA 
A REVIEW OF ENGI NEERING EXPERIENCE.S WITH EX PANSIVE SOILS IN 

HIGHWAY SUBGRADES 
Snet h e n, DR; Town send , FC; Johnson, LD; Patrick , DM; Vedros , 

PJ 
Waten1ays Exper iment Sta tion; .So il Mec l<ani cs Div i s i on; 

Vi c k sburg; Wa s hington; Mis s i ss ippi; D.C.; 39 180; 20590 
Jun 197 5 139 pp 1975 
AVAILABL E FROM: National Tec hni ca l Informati on Se rvi ce 5285 

Port Roya l Roa d Spr i ngfie ld Virg in ia 22 16 1 
REPORT NO . : FHWA - RD - 7 5- 4 8 ; P8 -2 486 58 /7 ST 
SUBFILE: NTI S; HRI S; RRIS 
Volum e c h a nge re s ul ting from moisture v a ri at ions in 

expansive so il subgrades is est iMa ted to cau se dnmage to 
st reet s and highways in excess of $1 . 1 b ill ion annual ly in the 
United States. Expan s ive so i I s are so extens i ve that rerouting 
highway s to avoid the ma ter ial I s vi rtually imposs ibl e. This 
r e port presents the r esult s of a r e vi e w of c urrent lit e ratur e 
combined with details of expe ri e nces of se l ec ted sta t e highway 
agencies on procedures for cop ing with prob l e ms associated 
with expans ive so il s ubgrades. Th e report discusses the 
geologic. mine r a l ogic, physica l, a nd phy s i coc h e mical 
prope rtie s which influe nce the v o lume c hange c harac t er i st i cs 
of e xpans ive so il s . Currently u sed techniques f o r sampling, 
ident ifying. and t est i ng expansi ve materials are r e vi e wed and 
di scu ssed. Treatment alternat ives for the prevention or 
r edu ct i on of d e trime ntal volume c h ange of expan s ive so il 
subgrades beneat h n e w and ex i s ting pavements are presented a nd 
discussed. 

DESCRIPTORS: 
DA MAG,; 
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GEOLOG Y / SOi S / 
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PAVEMENi SUBGRAOES 
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080103 DA 
SOIL STABI LIZATION. LIME USED FOR SOIL STABILIZATION 
Ireland, HO 

~~-

I lli no i s University, Urbana 
AREA Bulletin NG28 Jun 1970 pp 846-855 8 Fig. 1 Tab, 8 Ref. 
1970 
AVAILABLE FRO M: En g ineer ing Soc i et i es librar y 3 45 East 47th 

S tree t Ne w York New York 10017 
SUBF!L E : RRIS 
The s tabiliz a tion of so il s with 1 ime ha s been e xt ended to a 

broad range of projects Inc luding highways , airports , ra ilways 
and bui l d ing s ites and it s use i s growing rap i d l y. S ince 
quicklime i s mor e dangerous to wor kme n and therefore more 
diff i cu l t to work with, hydrated lime i s common ly u sed to 
modify lime-grained. so il s by the addit i o n o f three to eight 
p e r cent lime b y we ight . Whe n added to p l astic so il s , lime 
gene rally reduces the p l asticity and increases the frlabil ity 
thu s i mprovi n g workability. Lime trea tment also reduces both 
Gxpansion and s hrinkage o f s we lling so il s and tends to f orm a 
barrier t o keep e xcess wat e r from reaching untreated s ubso ils. 
Lime stabili zat i o n a l so inc r eases the . s tr e ngth of soi l s . Lime 
r equireme nt s and met h ods of app li cat i ons are gi ven . Thi s 
art i c l e i s also containe d in "A B i b li ography on the De~ign and 
Per formanc e of Rai l Track Structures ", Sept . 1974, ~07279 4 . 
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127532 DA 
IMPORTANCE OF ACTUAL BEHAVIOR IN SHAPING DESIGN CRITERIA 
Ahlvin, RG 
National Crushed Stone Association; . 1415 Elliot Place, NW; 

Washington; Silver Spring; Alexandria; D.C.; Maryl and; 
Virginia; 20007; 20910; 22314 

Waterways Exper imen t Stat ion 
pp VII1 - 9 11 Ref . 1974 
SUBFILE: HRIS 
This paper which describes the Corps of Engineers continuing 

program of pavement condit i on eva luation, stresses the need to 
examine the performance of full sca l e pavement s to verify 
design c riti eria , and lists 14 modifi cat ions to the the Corps' 
CBR design system. The elements of behavior or design are 
discussed and include the analytical model wh ich describes the 
manner i n which the parameters contro ll ing design interact; 
the constitutive behavior which relates the s tres s , strain or 
equivalent behavior of the individual elements or mat e rial s of 
which the pavement is constructed; and the terminal condition 
de sc ription considered to represent failure . The CBR test wa s 
adap ted as a means of assessing the strength of material s in 
f l exi ble pavements. To provide the comparisons between full 
sca l e pavements under traffic with expected behavior as 
predicted by the design method, the Corps of Engineers 
undertook two efforts . The fir s t which gives immediate 
comparisons, in the full sca le acce l erated traffi c tests , many 
of which have been conducted to establish or extend the CBR 
design methods. A survey program was undertaken to provide 
information on the behavior of pavements in serving their 
intended purpose. Actual pavement characteristics in relation 
to design considerations (layer thickness, characteristics of 
materials, st rength, bituminous s urfacings and stabilized 
layers , subgrade s trength ) traffic loading, special 
contributing factors ( s u ch as construction deviations, 
s we lling soi l, etc.), and the observable pavement condition 
should be studied and compared with prior examinations in an 
attempt to determine at what point in it s overall lif e the 
pavement is at the time of exam ination. Based on the data, a 
design can be projected using ex i st ing pavement 
characteristics, and this will indicate an expected part of 
the total pavement li fe to be used. Proceedings from a 
conference on Utilization of Graded Aggregate Base Materia l s 
in Flexible Pavements, March 25-26, 1974, Oak Brook Hyatt 
House, Oak Brook, Illinois. 
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138 135 DA 
MORPHOLOGY AND PEDOLOGIC CLASSIFICATION OF SWELLING SOILS 
Barte lli, LU; McCo r mack, DE 
De p a r t me nt of Agri c ulture 
Tr a n s po rt a ti o n Resea r c h Record N568 pp 1- 8 4 Fig. 2 Ta b. 17 

Re f. 1976 
AVAILABLE FROM : Tr a nsport a ti o n Researc h Boa rd Publi ca ti o n s 

Offi ce 2101 Con s titution Ave nue , NW Was hing t o n D.C . 20 41 8 
SUBF IL E : HRI S ; RRI S 
Swe lling so il s occur in na ture in a pre di c t ab l e ma nne r . The 

p e d o l og i s t i dentifi es , c l ass ifi es , a nd c ha r ac t e ri zes these 
unique s oil s a nd d e linea t es the ir occurre nce o n the l a ndscape . 
The concept o f Ve rti so l s , f o r e xampl e , i s tha t o f a s oil tha t 
i s uns t a bl e becau se o f a hi g h cont e nt o f e xpa nding l a tti ce 
clay . The mo rpho l ogy i s marke d by inte r sec ting s li c ke ns ides , 
par a ll e l ep ipe d s t r u c tural a ggrega t es , a nd ho ri z ons that a r e 
thin a nd poorly e xpressed nea r mi c r ohighs but that a r e thi c k 
and we ll e xpressed in mi cro l o ws only a f e w f ee t (me t e r s ) a way. 
Whe r e no t des troye d by ma n, these so il s ha ve g ilga i r e li e f . 
Soil s ha ving s we liing p o t e nti a l but l acking the o the r f e atures 
o f Ve rti so l s a r e c l ass ifi e d in ve rti c s ubg r ougs o f o the r so il 
o rde r s. By definiti o n, these so il s have mor e tha n 35 pe r cent 
clay within a des igna t e d contro l sec ti o n a nd a coeffi c i e n t o f 
line ar e xt e n s ibility o f 0. 09 o r mo r e o r a po t e nti a l linea r 
e xtens ibility o f 2. 4 in. ( 6 e m) o r mo r e. Ve rti so l s a nd so il s 
in v e rti c s ubgroups o f o the r o rders ha ve the c ommo n prope rty 
o f ins t a bility becau se o f s we lling . The y ha ve a high 
pl as ti c ity inde x and a high li quid limit. The y are 
c harac t e ri zed b y a hi g h cont e nt o f e xpa nding latti ce c l a y s , 
parti c ul ar ly mo ntmo rill o nite . The mi c r o mo r p ho l ogy o f s we lling 
so il s r e vea l s a f abri c o f o ri e nte d c l a y pa rti c l es a l o ng 
s hort - r a nge s hea r pl a nes . Repo rt pre p a r ed f or the 54th Annua l 
Mee ti ng o f the Tr ansport a ti on Research Board. 
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165 172 DA 
PROCEEDINGS OF THE PAVING CONFERENCE, 14TH, 1977 
Martinez, J E 
Ne w Me xi co Unive r s ity, Albuquerque; .Bureau of Engineering 

Research; Albuque rque; Ne w Me xico; 87131 
Univ of NM, Dep of Civ Eng, Albuquerque 
Proceeding 1977 
AVAILABL E FROM: Engineering Societies Library 34 5 East 47th 

Stree t New York New York 10017 
SUBFILE: EIT; ATRIS 
Proceedings include 14 papers that deal with bituminous, 

concrete and l i ghtweight aggregate road and pavement building 
material s , te s ting and application of material s , and recycled 
pavement systems. Methods of road and s oil stabilization are 
di s cusse d. Selected papers are indexed separately. 
Proceedings of the 14th Paving Conference, Univer s ity of New 
Me xico. Albuquerque. 
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165 159 DA 
PAVEMENT DESIGN FOR SWELLING SOILS: A REVIEW 
McKeen, RG 
New Mexi co Univers ity, Albuquerque; .Bureau of Enginee ring 

Research; Albuque rque; Ne w Mexi c o; 87131 
Proceeding pp 88-131 7 5 Re f. 1977 
AVAILABLE FROM: Engineer ing Societies Library 345 East 47th 

Street Ne w York Ne w Yo rk 10017 
SUBFIL E: EIT; HRIS; ATRI S 
A lit e rature review wa s conducted for the purpose of 

determining the mos t reasonable procedure for the des ign of 
airport pavements on expansive c lay s ubgrades . Spec ifi c st udy 
areas we re ide ntifi ca tion/c lassifi c ation systems, pred i c ti o n 
of heave, se tting acceptabl e leve l s of heave, and the design 
of stab ili zed so il laye r s. The effects of layer thi c kness , 
wat e r table depth, initi a l load and suction, fina l l oad and 
SUCtiOn. !=;O il ~ 'tr'IJrf-IIY'C e:o !::lle r'\n '!:lo1 ~i_..,._,,... .............. ~ --.....1 -- .1 1 
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c h a nge behavior were considered. An attempt was made to 
es t ab li s h tolerable l e v e l s o f subgrade heave from the 
literature. Proceedings o f the ·14th Paving Conference, 
Univer s ity of Ne w Mex ico, Albuquerque , 1977 . 
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167832 DA 
ENGINEERING BEHAVIOR OF PAVEMENT MATERIALS: STATE OF THE ART 
Chou, YT 
Waterways Expe riment Station; . Soil s and Paveme nt s 

Laboratory, P.O. Bo x 631; Vi c k s burg; Mo nti cello; Mi ss i ss ippi; 
Illinoi s ; 39180; 61856 , 

Feb 1977 Final Rpt . 409 pp Figs . Tabs . Re f s . 19 77 
AVAILABLE FROM: National Tec hni c al Information Se rvi ce 528 5 

Port Royal Road Springfield Virginia 22161 
REPORT NO . : FAA - RD - 77-37; AD-A04 5272/2ST 
CONTRACT NO. : DOT - FA73WAI - 377; Contrac t 
SUBFILE: HRIS; NTI S ; ATRIS 
Thi s r e port r e vi e ws the enginee ring be ha vior of pavement 

material s with res pec t to highwa y and airc raft loa dings a nd 
environmental c onditions . The material s cove red are 
bituminous mixtures , portl a nd cement conc rete, granular 
material s , c he mically s tabilize d s oil s , and fine- gr a ine d 
s oil s . Bas i c prope rties of each are di scu ssed . For 
bituminous mixtures , e mphas i s i s pl aced on the c haract e ri s ti cs 
of p e rmane nt d e formation, fatigue, a nd rheologi c al propert~ es 
and the a ppli c ation to pa vement des ign of a ccumulative damage 
theory based o n Mine r' s hypo thes i s. Disc uss i o n s are present e d 
on the developme nt of fatigue c riteri a from labora tory fatigue 
test s and des ign c urve s . For po rtland c eme nt conc r e te, 
c oncret e s tre ngths d e t e rmine d by v a rious tes t s are di scu ssed . 
Tes t procedures for det e rmining the modulus of e la s ti c ity and 
Poisson's ratio are present e d, togethe r with di scu ss ion of 
fact o r s a ff ec ting these values . The fatigue prope rty o f 
concre t e and it s r e lations hip t o pave me nt d es ign are 
discussed . Fo r granul a r mat e rial s , the r es ili e nt a nd pl as ti c 
prope rti es a r e di scussed . Cons titutive s tress-s tra in 
relati o n s pro posed by ma ny age nc i es are present e d a nd 
c ompare d . The r e lations cons i s t of r es ili e nt, pl as ti c , s he ar. 
a nd dyna mi c s tresses and s tra ins . Because o f the highly 
nonlinea r nature o f g r a nul a r ma t e ri a l s , the va lidity of the 
s upe rpos iti o n princ ipl e i s a pplied t o pa ve me nt d es ign i s 
di scu ssed . For so il s t a bili za ti o n, the mecha ni s ms o f 
s tabili z ati o n a r e e xplaine d, whi c h inc lude d s oil - c eme nt, 
s oil - lime , lime- fly a s h, a nd lime-ceme nt -fly ash and 
bitumino u s ma t e ri a l s. Fac tor s influenc ing e ng ineering 
prope rti es a nd pro pe rti es of s t a bilize d so il s with r espec t to 
s tre ngth, modulus , a nd f a tigue a r e di scu ssed. Fo r 
fine-graine d s ubgra d e so il s , di scu ss i o ns a l so concentra t e o n 
the r es ili e nt and pla s ti c properti es. Con s titutive 
s tress-s tr a in r e l at i o n s a r e present e d with r espec t t o 
res ili e nt, s t a ti c , vi scoe l as ti c , pl as ti c , dyna mi c , and s hea r 
prope r t i es . The modulus of s ubg r a d e r e a c ti o n used in ri g id 
p a ve me nt s a nd t he na ture o f e xpans ive so il s in r e l a ti o n t o 
rigid pave me nt d es ign a r e di scussed. /Autho r/ 
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177 120 DA 
PONDING AN EXPANSIVE CLAY CUT: EVALUATIONS AND ZONES OF 

ACTIVITY 
Ste inberg, ML 
Texas State Depa rtme nt of Highwa ys & Public Transp 
Tra nsporta tion Research Record N641 pp 61 - 66 8 F ig. 9 Ref. 

1977 
AVAILABLE FROM: Transportation Research Board Publications 

Office 2101 Constitution Avenue, NW Wa s hington D.C . 20418 
SUBFILE: HRI S 
The u se of ponding wa t er o n a clay subgrade of high s wel li ng 

potential t o cau se soil heaves before pave men t was s uccess ful 
on an expresswa y project out s ide San Antonio, Texa s. 
Expansive so il s are a worldwide probl e m and cause over $2 
billion damages/year in the United States. The ir 
effectiveness of controlling the clay was me asured, a nd the 
depth of the movement s was d e termined. Observations began in 
1968 and continued through 1976, both ins i de and out s ide the 
ponded area. The elevation rods were se t at depths of 0.6 to 
5.8 m (2 t o 19 ft), and the moi s ture measurement s we re taken 
in the same zones. The ponding generally resulted in an 
upwa rd move ment of the elevation rods. The maximum movement 
was that of the s hall ower se t rods in all areas . It now 
e xceeds 0 . 12 m (0.42 ft) in the area whe re the predi c ted 
ve rtica l rise i s 0 . 15 m (0. 5 ft). The mo i sture variations 
were greatest at depths up to 3m (10 ft), where the rods 
exhibited maximum movement. This was the zone of activity . 
Pavements in the ponded ares have s hown l ess di s tres s and les s 
major cracking and have required l ess major maintenance work 
than those in the nonponded areas. The r e lation of rainfall 
measure ment s t o rod moveme nt s i s not def i niteve . A trend may 
b e deve l oping that s hows upward move ment to f o llow rainf a ll 
after prolonged dry periods. Ponding does seem to help c urb 
the destructive move ment s of e xpans ive c lays . Thi s article 
appeared in Transportation Research Reco rd No. 641, 
Stabilization of Soils. 
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230238 DA 
TRIAXIAL CLASSIFICATION OF THE SURFACE SOILS OF TEXAS AS 

GROUPED BY SOIL CONSERVATION SERVICE SERIES 
Te xa s State Department o f Highways & Public Transp; 

AW; Dyer, KA 
Jan 1973 10 pp 1973 
SUBFILE: HRI S 

.Smith, 

Laborat o ry and fi e ld studies on 710 so il se ries have been 
conducted in order to secure triaxial c lass ifi ca t i ons for as 
many as possible . Of these 710 so il s , 46 percent we re 
c lass ified as a res ult of the s urvey of estimates and test s 
contained in the files of the mater ials and t es t s division. 
Tabulation of additional information inc r eased the 
classifications to over 70 percent . Triaxi a l c lass ifications 
also inc r eased from 303 to 498 as a r esult of the additional 
information. The s tudy r e vealed that c lay s ubgrades , with high 
p . i. And resultant s we lling, presented the most seriou s 
problems t o highway con s truc tion. Hou s ton black - Hou s ton c lay 
which is a prime example of this type of ma t e rial, ha s a 
triaxial c lass ificati on of 5 .4 based on a t o t a l of 247 t ests . 
Triaxial c lass ifi ca tion' s for subgrade so il s a r e obtained by a 
combinati o n of tes ts published in the manua l of t es ting 
procedures of the ma t er ials a nd t es t division. Loca tion of 
soil material s are made by s tation number s on l a rge -sca l e maps 
u sed by the projec t e ngineer during con s truc tion of the 
roadway . The mapping a nd c lass ifi cat ion of s oils i s reviewed 
a s i s al so the u se of information in load zoning. Results of 
the study are t abul a t ed and disc ussed. Control of moi s ture 
content both before and after compac tion of the s ubgrade 
so il s , t oge the r with proper compac ti o n i s the mos t economi ca l 
me thod of s tabili za tion . The second best method i s to 
stab ili ze these mater i a l s wi~h lime , cement or aspha lt. 
Suggested usage of the study data i s outlined. 
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2 14677 DA 

DENSITY CONTROL: ITS BENEFITS AND COMPLEXITIES 
Mcdowe ll, C 
Highway Research Record. Hwy Res Board i96 7 No 177. pp 

197-209 , 13 FIG. 2 TAB, 4 PHOT, 5 REF 
SUBFILE: HRI S 
Texas e mploy s the compac tion rati o (the ration of the 

difference betwee n roadway as compacted dens ity (D s ub A) a nd 
the l oose dry weight of the so il (D s ub 1) determined by the 
Texas method to the difference b e tween the max. Laboratory 
density (D s ub D) under a compactive ef fort of 30 ft - lb/cu 
in.) . The method r esult s in high dens ity requirements for 
non-swelling so il s and lowe r, more s uitable de n s ities for 
s we lling soils. Soils and base mater ial s are placed in three 
groups: uniform, nonuniform and erratic depending o n the 
relation of their r espec tive values to the D s ub a density. 
Plots are made of the deviation from average D s ub a vs 
pe rcent of average D s ub a representing the three types of 
material. Reasonable compaction ranges are established for 
each group for use as a bas is for contro l. Design a nd 
con s truc tion recommendations have been prepared f o r different 
types of so il and for some so il s containing admixtures of 
s t a bilizing age nts . Use i s made of the Texas gyratory met hod 
for er ratic material s. Data have s hown that increasing 
compactive effort fr om 4 t o 30 ft - lb/ c u in. Inc reased dens ity 
of a sandy s oil by 9 pcf and increased the s hear ing r esistance 
from 19 to 30 p s i (for 20 p s i normal s tress ). The paper 
conc ludes tha t the compaction ratio method estab li s hes the 
degree o f density that i s r equired and that is practical, that 
the r esult s of high compact ive e ffort t ests are more nea rly 
reproducible than those for lower effects . that dens ity 
control of erratic materials i s wi s hful thinking and that the 
Te xa s gyratory compactor o ffer s good promi se for measu ring 
density propert i es. / a uthor / 
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230349 DA 
THE NEED FOR UNIFORMITY IN TESTING OF EXPANSIVE SOILS 
Workshop Proceedings; .Krazynski, LM 
VOL. 1 .May 1973 pp 98-136 Figs 23 Ref 
SUBFILE: HRIS 

1973 

Numerous and widely different methods are currently 
available for testing and c lassifying potentially expansi v e 
woil s and although there is considerable overlap and some 
basic agreement between these methods, ther is also A 
s imultaneous lack of consistency and great opportunity for 
error. In many practical problems involving expansive so il s, 
an er r oneou s misclassification of the so il leads to A l evel of 
treatment which is needlessly cost ly, eit h e r due to subsequent 
damage and repairs, or due to unwarranted to 
subsequoverdesign. The existing methods for recogn ition and 
classifica tion of expans ive soi ls can be divided into three 
main categor ie s as follows: (1) indirect methods . or three 
mainthose which emp l o y a measurement of a related woil 
property as an indication of s we ll potential; (2) direct 
measurement of one-direc ti ona l swell in a loaded s well test; 
and (3) methods of tests and analyses for quantitative 
predic tion of the expec t ed magnitude of heave in any given 
field cond ition. In order to e volve ( or eva luat e ) a s uitabl e 
method for testing and class ifi ca tion of potentially expansive 
so il, the factors whi c h may influence the results obta ined 
must be unders tood and taken into cons iderat ion. The following 
factors are known to influence the results obtained in l oaded 
s well tests on soils of any given composition: (1) initial 
water content; ( 2 ) initial dry density; (3) soi l structu re ; 
(4) su r charge load; (5) sol ution character i st ics; ( 6) time 
allowed for s wel l; (7) curing time for samp l e ; ( 8 ) stress 
history; (9) sample size and s hape; and (10) temperature. It 
is the author's op ini on that a reliable and reproducible test 
which i s to be considered as a basis for the classification of 
potentially expansive soi l must s tandardiz e at least these 
variables: initial water content , initial density, method of 
compact i on , surcharge load or loads and sequence of 
application, time allowed for the test, time required for 
sample curing and samp l e size and shape. Standardization of 
these factors in one test and classif i cat ion procedure is long 
overdue and wovld be of significant value. Two test methods 
are discussed; one is the test method evolved in Los Angeles 
in the late 1960'S, and the other i s the test method proposed 
by w. G. Holtz and publ i shed in ASTM stp 479, special 
procedures for testing soil and rock for engineering purposes, 
fifth edition, 1970. 
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230348 DA 
GEOLOGIC ORIGIN AND DISTRIBUTION OF SWELLING CLAYS 
Work shop Proceedings; . Tourtelot , HA 
VOL. 1 . May 1973 pp 44-69 8 F ig 17 Ref 1973 
SUBFILE: HRIS 
All clays undergo volume changes in response to 

environmen tal cha nges brought about by engineering activities. 
These c hange s include conso lidati on v o lume changes and 
hydration volume changes. In conside ring consolidation 
c hanges , one must r e view the "stress history" or geologic 
processes through whi ch an ea rth material has passed. In the 
case of c l ays of sedimen tary origin, this geologic history 
involves chiefly the rcord of sedimentati on and erosion. 
Hydration volume cha nges often are measur ed by determining the 
free-swell capacit y . The l arge swe lling capacity of 
montmorillonites, particularly sodium montmorillonites. marks 
these minerals as the most troublesome ones with respect to 
engineer ing design and construction. 
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230350 OA 
CONTROLLED FIELD TESTS OF EXPANSIVE SOILS 
Wo rk s hop Proceedings; . J o hnson , LO; Mcanear, CL 
VOL . 1 . Apr 197 3 pp 137-59 6 Fig 6 Tab 24 Ref 1973 
SUBFILE: HRI S 
Research i s being conducted by the wa t erways exper iment 

sta tion (wes ) to inves tigate t echniques for reliable and rapid 
laborator y and fi e ld measur eme nt s of tot a l s u c tion by 
thermocoup l e psychrometers. A labo r a t o ry psychrometer, two 
fi e ld psychrometers (pro totype p and type F ), a nd A 
commerc ially a v ai l ab l e psychrometer were c hosen for s tudy. The 
field thermocouple psychrometers we r e instal led at various 
depths nea r Jack son, Mi ssissi ppi, a nd on lac kland air force 
base ( lafb) near San Antonio, Te-xas. From the test r esult s 
ob tained the following conclus ions were drawn: (1) in the 
labo r ator y, total s uct ion readings by thermocoupl e 
p s y c hrome t e r s are in good agreement with mat rix s u c tions 
measured by pressure me mbrane apparatus after cons ide ring the 
osmotic s u c ti on. Psychrometric r ead ings are made r apid ly afte r 
equilibrium i s attained . Equilibrium i s attained in the 
labo r a t or y within 24 hour s . ( 2 ) in s itu s uct ion data s how good 
agreement be tween the different types of field psychrometers . 
The psychrometer readings at lafb s ho w a r ecent . drying trend 
whi ch is generally con s i stent with piezometric and field wat er 
content data obtained from nu c l ear probe measure ments. ( 3 ) the 
lifespan of the comme r c ial psychrometer was limited at the 
Jac k son and lac kland test areas, due to corrosion of the 
one - ~il -d i a meter thermocoupl e , with some f a iling within three 
and nine months after insta ll a ti on. 
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230352 DA 
USE OF CONSOL IDOMETER FOR MEASURING EXPANSION, POTENTIAL OF 

SOILS 
Workshop Proceedings; . Gibbs. Hv 
VOL. 1 . Ma y 1973 pp 206- 13 1973 
SUBF IL E: HRIS 
The consolidometer device described in this report ha s the 

so il spec imen e nclosed between tow porous plates. The s oil can 
be we tted from the b o ttom or top. An important aspect o f the 
device i s the abilit y to hold the upper loading bar at A 
c ons tant volume , permitting mea s urement of the maximum uplift 
pressure of the soil with no volume change. With this 
equipment it is also possible to load the sample r with variou s 
smal l loads to observe the amount of expansion. Three e xamples 
were given whi ch illustrated the use of the consolidometer. In 
the first example, a deteriorating shale from a tunnel was 
t es t ed to determine what expansion characteristics could be 
related to its deterioration. The second example involved a 
clay gouge material between the rock seams in a tunnel. The 
material was bulging out appreciably . It was tested to 
determine if this condition was an expansive clay problem or 
wa s due to the stress relief of the tunnel. The third example 
was a moderately expansive clay in a canal. It was des ired to 
s how that this material, although a moderately expansive 
material. if kept at that condition could be tolerated without 
appreciable damage to the canal linings. 
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23035 1 DA 
METHOD FOR DETERMING THE POTENTIAL VERTICAL RISE, PVR (TEXAS 

TEST METHOD TEX- 124 -E ) 
Work shop Proceedings; . Smith, ~~ 

VOL. 1 . May 1973 pp 189 - 205 3 Fig 2 Tab 4 Ref 1973 
SUBF IL E: HRIS 
A procedure is pesented which provides a means for the 
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strata , such as ma y be encountered in the placeent of a 
roadway . bridge, or building foundation . A sho r t examp l e is 
given whi c h i llustra t es how the test method wo rk s. By u s ing 
the determina tion of pvr in conjunction with the unit l oads to 
be imposed by the s tructure , the engineer can ma k e choices on 
the methods o f constru ction to be employed and the r e medi a l 
procedures to u se in securing the greatest value for hi s 
con s truct ion money. Some of the choices . dependent upon the 
depth. amount of swelling c lays, and other conditions are as 
fo ll ows: (1) removal of near the surface clay layer s and 
replacement with granular material; (2) pondi ng with water for . 
thirty or more days to bring drier c l a y s toward optimum 
condit ions; (3) stabilization or modification of clay layers 
near the surface u s ually using lime; (4) utilization of 
density and moisture control methods and moisture preservation 
s uch as asphalt membran~s or wide granular sections. which is 
of great merit after ponding; (5) employing in buildings the 
use of ample steel in grade beam s , top and bottom , or the use 
of heavy steel in foundation s hafts and insulating them from 
the c lay; and (6) such other measures as leaving air space 
under grade beams, suspension of floors from foundation shafts 
or the use of expansion joints to separate the floor from 
foundation grade beams. 
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2 30353 DA 
EVALUATION OF LABORATORY TECHNIQU ES FOR MEASUREMENT OF SWELL 

POT ENTIAL OF CLAYS 
Wo rk s ho p P r oceedings; . Obe rme i e r. SF 
VOL . 1 .Ma y 19 7 3 pp 2 14 - 47 7 Fig 16 Re f 
SUBF IL E: HRI S · 

1973 

In e v a lua ting the heavy pot e nti a l of a so il, it i s des ir a bl e 
to d o as muc h t es ting a s poss ibl e in the l a borato ry, whe r e the 
p a ramet e r s that af f ec t s we lling can b e c ontroll e d . A r esea r c h 
e ffort ori e nt e d t o ward t h e e valua tion of some n e wly d e v e lope d 
types of l a b o r a tory a ppa ra t u s , a nd the d e v e l o pme nt o f t es ting 
tec hniques to assess the s we ll pot e nti a l ari s ing from some o f 
the diff e r e nt sources o f s we lling i s c u r r e ntly b e ing c onduc t e d 
by the o ffi ce o f r esea r c h of t h e f e d e r a l highwa y 
a dmini s tra ti o n. The s tudy has f o ur princ ipa l goa l s: (1) 
evalua ti o n o f the o s mo ti c c ell -con so l idome t e r appa rtu s as a 
devi ce f o r contr o lling s oil s u c ti o n; ( 2 ) dev e l opme nt o f 
tec hni q u es t o e xpe dit e l a b o r a tory e xa mina ti o n of the influe nce 
o f s u c ti o n on the h e ave p o t e nti a l o f so il s; (3) dev e l o pme nt o f 
techniques to es tima t e the he ave p o t e nti a l o f we ll - b o nded , 
ove r c ons olidate d pla s ti c s oil s , s ubj ec t e d t o s tress r e lease; 
and (4) assessment o f the influe nce o f c yc li c drying a nd 
we tting o n the heav e potential . These g oal s a r e di scu ssed in 
thi s r e p o rt a nd the f o ll o wing c onc lus i o n s ar e r eached : (1) the 
o s moti c ce ll -cons olido meter a ppara tus h as the po t e nti a l o 
being a u seful a pparat u s f o r l a b o r a t o ry inves ti g ati o n s o f t h e 
influe nce o f the s tat e o f s u c tion on o n e dime n s iona l s we lling. 
The appa r a tu s i s s impl e and ine xpe n s ive. The t echni que, 
how e v e r, ma y r e quire unduly l o ng equili b r aton pe ~i ods , 

esp ec i a lly a t hi g he r s u c ti o n l e ve l. ( 2 ) it has been r e por t e d 
tha t poo r cont ac t b e tween a so il spec ime n a nd the 
semipe rmeab l e me mbr a n e in the osmo ti c ce ll devi ce , or b e tween 
a so il s p ec ime n a nd the ce r am i c pl a t e in the p r essure pl a t e 
d e vi ce , r esult s in l o ng e quilibra ti o n p e ri ods. It ma y be 
p oss ibl e t o r e duce thi s t es ting time f o r some comb i n a ti o n s of 
c hanges in l oad ing a nd s u c ti o n . ( 3 ) the time- d ependent heaving 
of ove r conso lida t e d we ll - b o nded pl as ti c c l a y -s ha l es invo lves A 
numb e r o f int e rdependent phe no me n a . Bo th s hea r a n d t e n s il e 
s tresses ma y b e impo rt a nt cont r ibut o r s t o the heaving of s u c h 
c lay -shal es. The r e i s a need f o r t echn iqu es that can b e u sed 
t o pr e di c t the l o ng t e rm heav e p o t e nti a l tha t ar i ses fr o m 
s tress r e l ease during t he excav a ti on of c l a y - sha l es. (4) 
dryi n g a nd we tting ca n be a n impo rt a nt con t r ibutor t o the 
s welling po t e nti a l of p l as ti c so il s h a v i n g e it he r weak o r 
we ll - deve l o p e d di age n t i c b o nds. The r e ma y be f i e l d s itua ti o n s 
where d rying a nd wet ting i s r espon s ibl e fo r s i gn ifi can t 
heaving of pav e me nt s f ounde d o v e r s u c h so il s . 
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232 108 . DA 
DESIGN DATA 

PORTUGUESE) 
FOR LIME -SOIL BASES AND SUB - BASES (IN 

Nat Lab Civil Eng , Lisbon /Port/; .Branco, FF; Dasilva, DP 
23 Pp, 8 FiG, 3 TAB, 7 REF 
SUBFILE : TRRL; IRRD; HRIS 
lime s tabili zation of so il s ha s been s tudied with a vi e w to 

u s ing materials not meeting current road spec ifications. 
Different so il types were stabilized with different 
percentages of high calcium hydrated lime and with 
monohydrated dolomiti c lime and the characteristics of the 
resulting so il mixes we r e determined. With a vi e w to 
applications in road pavemen t des ign , the s tr e ngth of the so il 
mixe s wa s s tudi e d by the CBR method. The re s ult s obtained are 
promising, in particular for v e ry pla s ti c e xpans ive so il s . The 
CBR test seems s ignifi can t f o r assessing the bearing capacity 
of lime -so il mixes, compac t ed after their pl ast i c ity has b een 
r e duced . /lnec/rrl/ 

DE SCR IPTOR S: 
BASE 
BEARING CAPA CITY 
CALCIUM / SOIL ST ABILIZ ER/ 
CBR TESTING 
DOLOMITE 
EXPANSIVE SOILS 
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230355 DA 
A NEW APPROACH FOR THE IDENTIFICATION OF SWELL POTENTIAL OF 

SOILS 
Work shop Proceedings; .Basu, R; Arulanandan, K 
VOL . 1 . May 1973 1973 
SUBFIL E: HRI S 
The dielectric dispersion characteristics ob t a ined on 

severa l artificial and natural so ils give e vidence t o the f ac t 
that the magnitude of dielectric dispersion i s A useful 
parameter whi c h describes mainly both the amount a nd type o f 
clay. A classification of so il s based on the amount and type 
of c lay i s proposed. The u sefulness of the n e w c l ass ifi cat ion 
i s evidenced by the fact that the s well potential can be 
qualitatively eva luated from a knowl edge of amount of c l a y and 
the magnitude of dielectric dispersion, whi c h can be eas ily 
determined. 

DE SCR IPTOR S: 
CLAY MINERAL S 
Ct.I,-.AnC"III ATTI""''a.l 

EXPANSIVE CLAYS 
EXPANSIVE SOILS 
EXPLORATION CLASSIFICATION (SOILS) 
GEOLOGY /SOILS/ 
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HI GHWAY DESIGN 
MEMBR AN ES 
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230354 DA 
SIMPLE TECHNIQUE FOR IDENTIFYING HEAVE POTENTIAL 
Owrkshop Proceedings; . Vij a yverg iya , VN 
VOL. 1 .May 1973 pp 275-94 6 Fig 1 Tab 19 Ref 1973 
SUBFILE: HRIS 
Identifying s urface heave of an expansi v e c lay i s of 

cons iderabl e help in se l ect ing an appropriate foundation 
s y s t e m to avoid cost ly damages t o 1 ight st ructure s . A 
corre lati o n i s developed b e tween percent swe ll, 1 iquid limit, 
and dry unit we ight from a retrospective analysis of many 
s we ll t es t s performed in connection with r outine foundation 
investigations a l ong the trexas-louisiana Gulf Coast area. 
Empi ri ca l c riter i a are presented for recognizing heave 
potent i al of the beaumont c l a y from es timated near-surface 
s we ll . High heave potential s hou l d be anticipated whe n the 
nea r -surf ace s we ll exceeds about 4 percent . 
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232747 DA 
THE EXPANSIVE SOIL PROBLEM-ON SUBGRADES OF PAVEMENTS AND 

STRUCTURES FOR ROADS AND AIRFIELDS 
Turnbull, WJ 
Limestone, Nat Limestone Institute Vol 6, No 21, PP 18-21, 

25-27, 43-50, 10 PHOT, 168 REF 
SUBFILE: HRIS 
THE EXPANSIVE SOIL PROBLEM IS REVIEWED BY PRESENTATION OF: 

(1) THE STATE OF THE ART ON EXPANSIVE SOILS, (2) A FAIRLY 
DETAILED STATEMENT OF THE PROBLEMS ON EXPANSIVE SOILS, THEIR 
RELATIVE PRIORITY AND SOMETHING OF WHAT IS BEING DONE, (3) AN 
EXTENSIVE BIBLIOGRAPHY GIVING TITLES AND REFERENCES TO WHERE 
INFORMATION ON THE VARIOUS SUBJECTS CAN BE OBTAINED . POSSIBLE 
DEFINITIONS ARE GIVEN OF EXPANSIVE SOILS. THE FOLLOWING 
RESEARCH PRIORITIES ARE EMPHASIZED: (1) CORRELATION OF 
LABORATORY AND IN-SITU SUCTION PRESSURES AND THESE CORRELATED 
WITH PROTOTYPE BEHAVIOR, OR LARGE-SCALE FIELD TEST SECTIONS, 
(2) STUDIES OF DESIGNED AND INSTRUMENTED PROTOTYPE STRUCTURES 
OR FIELD TEST SECTIONS SHOULD BE CONDUCTED, (3) INTENSIVE 
STUDY OF PROBABLE ENVIRONMENTAL CHANGES INDUCED BY 
CONSTRUCTION TECHNIQUES AND PROCEDURES SHOULD BE ACCOMPLISHED 
ON MORE PROTOTYPE STRUCTURES, (4) COMMUNICATION BETWEEN THE 
SOIL SCIENTIST AND RESEARCHER AND THE SOILS ENGINEER INVOLVED 
IN DESIGN, SPECIFICATIONS AND CONSTRUCTION, (5) PREDICTION OF 
MOISTURE AND HEAVE TO IMPROVE FOUNDATION DESIGN IN THE 
SELECTION OF THE PROPER FOUNDATION FOR THE STRUCTURE IN 
QUESTION, (6) IMPROVEMENT NEEDED IN STABILIZING SUBGRADES 
BENEATH PAVEMENTS AND CANAL LININGS, AND (7) A COMMITTEE 
SHOULD BE ASSIGNED BY THE INTERNATIONAL SOIL MECHANICS AND 
FOUNDATION ENGINEER ORGANIZATION TO STUDY AND MINIMIZE THE 
LEGAL DIFFICULTIES FACING THE SOIL MECHANICS ENGINEER . 
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232363 DA 
STUDIES OF SOIL STABILIZATION WITH LIME /IN PORTUGESE/ 
Nat Lab Civil Eng, Lisbon /Port/; .Castro, E 
VOL. 1 .May 1966 22 pp 34 Fig 12 Tab 9 Ref 
SUBFILE: TRRL; IRRD; HRIS 

the present report analyses the action of calcic and 
dolomitic 1 ime on vario~~ types of soils. The influence on 
plasticity, volumetric changes through water absorption, grain 
size distribution, suction and absorption are studied . Other 
aspects such as the influence of curing time and cationic 
exchange capacity are considered. It is concluded that 
stabilization with lime is particularly well suited for very 
plastic and expansive soils. /TRRL/ 
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232935 DA 
THE EXPANSIVE SO IL PROBLEM ON SUBGRAOES OF PAVE~ENTS AND 

STRUCTURES FOR ROADS AND AIRFI ELDS 
Turnbull, WJ 
Limestone , Nat Limestone Ins titut e 1969 Vol 6 , No 2 1, PP 

18 -2 1, 25-27 , 43-50, PHOTS, 168 REF 
SUBFI LE: HRI S 
RESEARCH WAS CONDUCTED ON THE PROBLEMS OF EXPANS IV E SUBGRADE 

SO ILS WHICH CONSISTS OF: (1) THE STATE OF THE ART ON EXPANSIVE 
SOILS , (2) A FAIRL Y DETAILED ST ATE MENT OF THE PROBLEMS ON 
EXPANSI VE SOILS, TH EIR RELATIVE PRIORITY, AND (3) AN EXTENSIVE 
BIBLIOGRAPHY IS PRESENTED GIVING TITLE AND REFERENCES WHERE 
INFORMATION ON TH E VARIOUS SUB J ECTS CAN BE FOUND. TH E 
EXPA NSIVE SOILS ANALYZED ARE THE MANY CLAY SHAL E SOILS IN 
THEIR NATURAL STATE WHICH SWELL DU E TO REL EAS E OF LOAD AS IN 
DEEP EXCAVATIONS . MANY OF THEM CONTAIN MONTMORILLONIT E TO 
VARYING DEGR EE S AND SWELLING WILL CONTI NUE AND CANNOT BE 
ACCURATELY PR ED ICTED BY THE CONSOLIDATION TEST. THESE SO IL S 
EVEN SHRINK DETRIMENTALLY AND QUITE OFTEN HAVE A HIGH 
COLLOIDAL CONTENT . THE PERMEABILITY IS VERY LOW EXCEPT WH EN 
THE SOIL IS DRY AND CRACKED AND WATER CAN PASS THROUGH THE 
OPEN CRACKS . SUCH EXPANSIVE SOILS ARE USUALLY HIGHLY 
SLICKEN-SIDED. A NEGATIVE PORE PRESSURE LAYER MAY DEV ELOP OVER 
BROAD AREAS AND HAVE A FREE WATER TABLE ABOV E IT . EQUILIBRIA 
AND MOISTURE CHANGES IN SOILS BENEATH COVERED AREAS ARE 
DISCUSSED WITH ENGINEERING EFFECTS OF MOISTURE CHANGES IN 
SOIL. THE GENERAL ITEMS OF RES EARCH CONDUCTED ON SOIL 
EXPANSION ARE REVIEWED . THE FOLLOWING - PRIORITY STUDIES ARE 
NEED ED: (1) CORRELATION OF LABORATORY AND IN-SITU SUCTION 
PRESSURES WITH PROTOTYPE BEHAVIOR, OR LARG E SCALE FIELD TEST 
SECTIONS, (2) MOR E STUDIES WITH DESIGNED AND INSTRUMENTED 
PROTOTYPE STRUC TUR ES OR FIELD TEST SECTIONS, (3) INTENSIVE 
STUDY OF PROBABLE ENVIRONMENT CHANGE S INDUC ED BY CONSTRUCTION 
TECHNIQUES AND PROCEDURES, (4) COMMUNICATION BETWEEN THE SOIL 
SCIENTIST AND RESEARCHER AND SOILS ENGI NEER INVOLVED IN 
DESIGN, SPECIFICATION AND CONSTRUCTION NE EDS, (5) PREDICTION 
OF MOISTURE AND HEAV E TO IMPROVE FOUNDATI ON AND DESIGN IN THE 
SELECTION OF THE PROPER FOUNDATION FOR THE STRUCTURE IN 
QUESTION, (6) IMPROVEMENT IS NEEDED IN STABILIZING SUBGRAD ES 
BENEATH PAVEMENTS AND CANAL LININGS, AND (7) A COMMITTEE 
SHOULD BE ASS IGNED BY THE INTERNATIONAL SOIL ME CHANICS AND 
FOUNDATION ENGINEER ORGANIZATION TO STUDY AND MINIMI ZE LEGAL 
DIFFICU LTIES FACING THE SOIL MECHANI CS ENGINEER. 
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232802 DA 
IN-PLACE TREATMENT OF FOUNDATION SO ILS 
Mitchell , JK 
ASCE Journal of Soil Mechanics Division Vol 96 . No SM1 , 

PROC PAPER 7035, PP 73-110 
SUBFILE: HRI S 
THE STATE-OF-THE-ART OF SEVEN SPECIAL METHODS FOR THE 

TREATMENT OF SOILS FOR THE SUPPORT OF STRUCTUR ES IS REVIEWED . 
WHEREAS VIBROFLOTATION, CO MPAC TION PILES , BLASTI NG AND 
GROUT ING AR E LIMITED MAINLY TO THE TREATMENT OF CO HES IONL ESS 
SOILS, ELECTRO-OSMOSIS, THERMAL TREATME NT, AND TREATMENT WITH 
ADDITIVES FIND PRIMARY APPLICATION IN THE TREATMENT OF 
COHESIVE SOILS . ALTHOUGH BLASTING IS USUALLY THE FASTEST AND 
LEAST EXPENSIVE. COMPARED WITH VIBRO FLOT ATION AND COMPACTION 
PILES, THE RESULTS ARE THE LEAST CERTAIN . I~STALLATION OF 
STONE COLUMN PILES BY VIBROFLOTATION HAS EXTENDED THE RANGE OF 
APPLICATION OF THIS MET HOD INTO COHESIVE SOILS. RECENTLY 
DEVELOPED CHEMICAL GROUTS AR E NOW APPROACHING THE IDEAL IN 
TERMS OF VISCOSITY AND CONTROL OF SETTING TIME. MIXED-IN - PLACE 
INTRUSION GROUTING APPEAR S TO BE A PROMISING TECHNIQUE FOR 
CONSTRUCTION OF SOIL-CEMENT PILES IN PLACE. ADDITIVE 
STABIL IZATION OF FOUNDATION SOILS FOR STRUCTUR ES IS USED 
MAINLY IN CONNECTION WITH GROUTING AND ELECTRO-OSMOSIS, WITH 
ADDITIONAL APPLICATION'TO TH E TREATMENT OF EXPANSIVE SOILS TO 
SHALLOW DEPTHS. /AUTHOR/ 
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233166 DA 
LIME STABILIZ~TION FOR PAVEMENT CONSTRUCTION 
Ke ll e y, CM 

71) Use r 3213 4ma y81 

New Mex i co Unive r s ity; . /Proceed ings 7 th Paving Conference 
1969 pp 26 7 - 287. 1 FIG, 7 TAB . 20 REF 
SUBFILE : HRI S 
r esea r c h conduct ed at the unive r s ity of Illinois by dr . 

James 1. Eades i s r eport ed. Scanning e l ec tron micrographs we re 
made that s how the formation and growth of the ca l c ium 
s ilicat e gel s truc ture. Pictures can b e made of fracture s 
pieces of lime -t r ead ed so il s without s pec ial pre paration of 
the material. Experience i s u s ing lime (i . e. , quicklime or 
hydrat e d lime ) to s tabili ze (1) clays; (2) highly pla s ti c 
swelling s ubgrade so il s; and (3) we t, we ak nons we lling 
s ubgr a de so il s i s di scu ssed. In the fir s t case, 20 year s 
experience in TexaS:.is reported. It i s noted that during the 
drought p e riod 195 1- - 1957 the lime - treated layer form e d a 
moi s ture barrier and helped maintain A uniform moi s ture 
condition below the s tabili zed layer. For s we lling so il s the 
Texas highway departme nt ha s developed a "potential v e rti ca l 
ri se " index that accounts for soil type, moi s ture content , 
dens ity, layer thickness , and s urc harge load. Wher e the pvr 
exceeds 0 . 5 inch, measures mu s t be taken to inhibit s welling 
action. Experime nt s in Texas and Utah utilizing lime 
stabilization for s we lling so il s a re described briefly. In the 
la s t case. lime can b e used to advantage in providing an 
imperviou s layer of s tabl e material . However, it may be 
necessa ry to inc rease the lime- treated layer to a s muc h as 12 
inc hes to bridge the uns tabl e so il below. Procedures for 
minimi z ing so il pumping are described. The range of 
improveme nt that can be expected for a variety of soi l s i s 
indicat e d numerically in a table of CBR and k v a lues. On the 
ba s i s of laboratory and fi e ld experience AASHO s truc tur a l 
number s are proposed for bases. s ubbases , and s ubgr ades. 
Cement, bituminous, and lime tr ea t~ent s for variou s traf fi c 
loads , s ubgr ade s uppor t s , and paving materials are recommended 
in a se t of tabl es. The benefits gained from u se of hydra ted 
lime in the weste rn s tales , notably Ari zona and colorado, are 
discussed a nd t ab lifi ed . 
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233457 DA 
EXPANSIVE SOILS AND CALIFORNIA HIGHWAYS (RESEARCH FINDINGS) 
Workshop Proceedings; . Sm ith, RE 
VOL. 1 . May 1973 pp 255-74 3 Fig 1 Tab 1 Ref 1973 
SUBFILE: HRI S 
This research was prompted by several spec ific locations in 

California of distress identified as being caused by expansive 
soi l s. In particular, the dramatic emergence of severe 
local ized cracking and joint separation on portions of newly 
constructed roads through the Sacramento valley served as 
impetus to inves tigate the problem . The objectives of the 
research were: (1) to def ine the extent of the problem; (2) 
eval uate the effectiveness (and shortcomings) of present 
procedures; and (3) fid improved means ( emp i racal or rational) 
of identifying soi l s with distress causi ng pot ential. In 
formulating an approach for the expansive soil problem and 
California highways. the research work plan was divided into 
tow general phases . The first phase was intended to define the 
problem further. First, an inventory of locations of expansive 
soil type pavement distress wa s obtained. From those, a large 
representat ive samp l e ( 50- 100) wa s se l ec ted for a field survey 
of pavement condition at these s ites. Also, the rid ing 
cond ition of the roadway in the vi ci nity of the reported 
distress was e v a lua t ed u s ing a PCA roadmet er. The objective 
was t o determine, if possible, the effect of the expans ive 
soils on riding quality of the roadwa y. Concurrently, the 
project records (and ot her publicly avai labl e data) were 
evaluated to see if information which could be utili zed to 
minimize or prevent the problem was being overlooked or not 
utilized to the best advantage. The second or ana ly tical phase 
involved an intens ive analysis of approximatel y ~5 locations 
selected from the initial field survey. Those were 
representative of the range of di s tress observed, as well as 
geographically distributed. This portion of the i nvestigation 
included taking soil samples through the roadway, and an 
intensive " s hotgun" program of laboratory testing. The data 
were analyzed to determine the relationship, if any, between 
these factors and the observed distress. The following 
conclusions were reached: (1) expansive soil type distress in 
Ca lifornia is prevalent enough to be classed as a s ignificant 
problem. (2) the problem i s highly local ized. Potential 
problem s ites are apt to be missed by "random sampling" type 
foundation investigations, as conducted for routeine 
structural design purposes. (3) so ils having more than 40 
percent passing the no. 200 s ieve, or more than 10 percent of 
clay s ized fraction (less than 1.0 micron) have a high 
potential for causing distress . Other parameters having u seful 
associations are clay mineral iden tifi cation. atterberg 
limit s, linear expansion and shrinkage, and in ternal surface 
area. (4) the u. s. Department of agricultural soils bulletins 
shou ld be researched when evaluating a roadway loca tion for 
expans ive soils. 
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233455 DA 
WORKSHOP INTRODUCTION 
Wo~kshop Proceedings; .Smith, PC 
VOL. 1 .May 1973 pp 11 - 5 9 Ref 1973 
SUBFILE: HRIS 
Introductory remarks are made concerning the work s hop on 

expansive clays and shales. It is pointed out that the areas 
of the United Sta t es having the trouble-making clays and 
sha l es are principally west of the Mississippi river , where 
specif i c c limati c and natural env ironmenta l conditions cause 
the clays and shales to provide ·very poor performance as 
foundations for structures. Consequ ently, the workship 
attendees are principally from those states. The author 
anticipates that the workshop presentations and discussions 
will show that some treatment and design methods have been 
adopted in one or more states and should be implemented in 
other states , and that a clear picture of further needs for 
research and experimentation will be obtained. 
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236852 DA 
DESIGN CONSIDERATIONS FOR DEEP RETAINED EXCAVATIONS IN OVER-

CONSOLIDATED SEATTLE CLAYS 
Workshop Proceedings; .S traze r, RJ; Wil son , SD ; Bestwick, LK 
VOL . 2 . May 1973 pp 96 - 122 12 Fig 14 Ref 1973 
SUBFIL E: HRI S 
The ha rd clays found in ma ny parts of the Seattle area have 

presented major probl e ms to highway e ngineer s in the past 10 
year s . During this period int e rstat e fre e way s , s tat e highways 
and other loca l con s truc tion proj ec t s have require d deep 
excavations and s tructures loca ted within the c lay strata. It 
wa s the cons truction of interstate 5 through downtown Sea ttle 
that created the mo s t se riou s probl e ms and r esult e d in a 
unique retaining wall s y s t e m. The uns t a bl e s lope s on thi s 
projec t alerted des ign eng ineer s t o the pot e ntial haza rds of 
deep excavations in the hard clays. This pape r di scu sses the 
origin and phy s i ca l c haracteri s tic s of the clays and 
illus trat es how these _characteri s tics are con s idered in the 
des ign of deep retained excavations. 
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236786 DA 
SOIL MECHANICS AND FOUNDATION ENGINEERING 
So il Mech & Fdn Eng Proc / South Afri ca / VOL. 

282 pp Figs Tabs Refs 197 1 
SUBFILE: HRI S 

1 . Aug 197 1 

The papers present ed in thi s publication stress probl ems 
r e lating t o tropical and s ubtropi ca l so il s , and the derivative 
geotechnical considerations. Matt e r s concerning lat e rit es , 
co llaps ing so il s. s t ab ili za tion of sandy and s imil ar so il s, as 
well as material work on regional development are some of the 
s ubj ec t s covered . Att e ntion i s paid to the field of ear th dam s 
and rockfill. The papers present ed o n unstab l e so il s , di scu s s 
s u c h aspec t s as the engineering prope rti es of expans ive soi l s , 
c l ay - con t a ining so il s , co llapsi ng so il s and Afri can tropi ca l 
bl ac k c lay so il s . Ferricretes, l a terites , ma rine noncla stics 

and r e d tropi ca l s oil s are discussed in a con s ideration of 
concretionary so il s. Stresses and s tr a ins in so il s. 
foundation s and ea rthwork s are covered . Pape r s are also 
prese nt e d on roads and slope e ro s ion, des ign, strengthe ning 
and observation of road pave me nt s , and on the effects of 
climate . 
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238143 DA 
LATERAL SWELLING PRESSURES IN COMPACTED OKLAHOMA COHESIVE 

SOILS 
Snethen, DR; Haliburton, TA 
Highway Research Record, Hwy Res Board N429 Abridgment pp 

26-8 2 Fig 6 Ref 1973 
SUBFILE: HRIS 
the objective was to develop ins trumenta tion to measure 

lateral s welling pressure of compacted soils and the relative 
magnitude s of 2 cohesive soils of moderate to high pla s ticity 
and swell potential, as influenced by initial moisture 
content, dry dens ity, compaction mode and energy, and lateral 
swe ll . A device consisting of a pressure transducer and strip­
chart recorder i s construc ted out of lucite. Thi s was used 
with compacted sample s s urrounded by filter paper and a rubber 
membrane ~o take in water and develop swelling pressure until 
it stabilizes at A maximum value. The influences of initial 
moisture content, dry dens ity , and compated soil structure on 
lateral swelling pressure were found to be highly interrelated 
for s amples compacted at a specific level. 
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237907 DA 
SUBGRADE MOISTURE VARIATIONS: EVALUATION OF COLLECTED DATA 

1966 - 1968 
Shaw, LK; Haliburton, TA 
Oklahoma State University /School of Civil Engineer ing 
Jun 1970 Interim RepT NO 8, 99 PP. 37 FIG~ 15 REF, 2 APP 
SUBFILE: HRIS 
A SI X-Y EAR SUBGRADE MOISTURE VARIATIONS PROJECT IS BEING 

CONDUCTED IN OKLAHOMA TO (1) REVIEW PREVIOUS WORK ON 
SUBGR ADE MOI STURE BEHAVIOR BY THIS PROJECT AND BY OTHER 
AGENCIES, (2) RELATE MEASUR ED SUBSURFAC E MOI STURE CONDITIONS 
TO SOIL , CLIMATE AND PAVEMENT, AND (3) DISCUSS OBTAINED 
RELATIONSHIPS AS THEY APPLY TO OKLAHOMA HIGHWAY DESIGN. FIFTY 
FIELD RESEARCH SITES WERE INSTALLED THROUGHOUT THE CENTRAL AND 
NORTH CENTRAL/ NORTH EASTERN PARTS OF OKLAHOMA. THE SITES WER E 
LOCATED ON HIGHWAYS OF VARIOUS AGE, CO NDITION RATINGS, 
CROSS-SECTION, AND PAVEMENT TYPE . PROCEDURES USED TO COLLECT 
RESEARCH DATA AT THE 50 FIELD RESEARCH SITES ON EXISTING 
PAVEMENT FOR A 3-YEAR PERIOD ARE DESCRIBED. PROCEDURES USED 

MOISTURE BEHAVIOR AND RELATED FACTORS ARE PRESENTED. EFFECTS 
OF SUBGRADE MOSITURE ON VARIOUS HIGHWAY DESIGNS ARE DESCRIBED. 
TWO MOD ES OF SUBGRADE MOISTU RE BEHAVIOR OCCUR IN OKLAHOMA: 
SUBGRADE MOISTURE ACCUMLATION AND SUBGRADE MOISTURE VARIATION. 
DATA STUDIED AND EVALUATED INDICATE THE FOLLOWING CONCLUSIONS: 
(1) SUBGRADE MOISTURE ACCUMLATION OCURRED AFTER HIGHWAY 
CONSTRUCTION AND/OR OVER LONG PERIODS OF DROUGHT. (2) SUBGRADE 
MOISTURE VARIATIONS ARE EITHER PRECIPITATION OR WAT ER 
TABLE-DEPENDENT, (3) HIGHWAY PAVEMENT RATINGS ARE EVIDENT IN 
IMPERVIOUS PAVEMENTS WITH WIDE SHOULDERS. IMPERVIOUS AND 
INFLEXIB LE BASE MATERIAL. AND GRADE DR CUT SECTION, (4) 
HIGHWAYS WITH WIDE SHOULDERS EXHIBITED MORE NEARLY CONSTANT 
MOISTURE CONDITIONS AND REDUCED MOISTURE CONTENT 
INCREASE -DEC REASE BENEATH THE PAVEMENT W~ILE MOISTURE 
CONDITIONS BENEATH SHOULDERS VARIED SO MEWHAT MORE, ( 5) 
SUBGRADE MOISTURE CONTENTS WERE FOUND TO FLUCTUATE SEVEREL Y 
BENEATH SHOULDERS IN FILL AND TRANSITION SECTIONS. BUT 
FLUCTUATE LESS IN GRADE OR CUT SECTIONS , (6) WET-DRY INTERFACE 
BEHAVIOR SEEMS TO BE THE CAUSE OF LONGITUDINAL CRACKING IN 
SHOULDERS, (7) SUBGRADE SOILS ENCOUNTERED WERE FOU ND TO BE 
EXPANSIVE, (8) LATERAL AND VERTICAL SWELLING OF EXPA NSI VE 
OKLAHOMA SUBGRADES WERE FOUND TO CAUS E MOST DA MA GE TO 
SOIL-CEMENT BASE MATERIAL AND TO PAVE MENTS WI THOUT BASE 
MATERIAL, AND (9) FLEXIBLE, IMPERVIOUS BASE MATERIALS SUCH AS 
STABILIZED AGGREGATE BASE COURSES OR SAND-ASPHALT BASE 
COURSES, REDUCED INFILTRATION AND RESISTED CRACKING BETTER 
THAN SAND CUSHION OR SAND-CE MENT BASE MATERIALS . 
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2 38257 OA 
EXPANSIVE SOILS AND HOUSING DEVELOPMENT 
Work s hip Pr oceedings ; . Jones , DE 
VOL . 1 . Ma y 1973 pp 16- 4 3 6 Fig 4 Re f 19 73 
SUB F IL E: HRI S 
The Ame ri can soci e ty o f c ivil e ng inee r s ha s form e d A 

r esea r c h c o unc il o n the e xpans ive b e havior of e arth mat e ri a l s . 
popularly known a s the e xpans ive so il s r esearc h c o unc il. to 
s e e k improve d wa y s t o avo id d a mages from s hrinking o r s we lling 
soi l volume c h a nges. The c ounc il ha s brought toge the r 
prof ess ional p e r s ons r e presenting a v a ri e ty o f int e r es t s to 
ove rvi e w the s t a t e of the e xpans ive s oil s art. ide ntify 
priority r esea r c h need s , s timulat e and coo rdinat e r esea r c h, 
and trans f e r re search findings int o prac tice. The c ounc il 
c onse rvative ly has es tima t e d damages a ttribut a bl e t o e xpans ive 
s oil move me nt s ; these es timates add up to a t o tal es timat e d 
ave rage a nnu a l loss of 2 . 255 ,000,000 dollar s. These damage 
e s timates ar e s hocking. p a rti c ularly b ecau se a c tua l dama ges 
may b e as muc h a s twi ce those indi c ated . Da mages from 
e xpans ive so il mo v e me nt s are wide ly unr ecogni zed a nd ar e 
almos t compl e tely unre p o rt e d . Damages t o publi c fa c iliti es a r e 
we ll ove r half of the es timat e d d a mages. Ex pans ive so il 
d a mages n o w e xceed the comb - n e d ave r a g e a nnual 9 a mages from 
flood s , hurri c anes . e arthquakes and tornados. They have grown 
without publi c att e nti o n a nd with only limit e d prof ess ional 
recogniti o n and att e nti o n . The pr obl e m deve l oped in s imilar 
way s in hou s ing, highway, and othe r cons truc ti o n activiti es , . 
An unde r s t a nding o f the probl e m' s d e v e lopme nt may pr ovide 

.c lues t o necessa ry dime n s i o n s in it s so luti o n . The r e f o r e , thi s 
r e port add r esses it s elf t o a di scu ss ion o f the pro bl e m 
d e v e lopme nt and ide ntifi ca ti o n . The import a nce o f 
e nvironment a l f ac t o r s and s oil mo i s ture contro l a r e 
c onside r e d, as we ll as the e ff ec t s of l oading a nd the a bility 
t o ma k e pr e di c tive ins i g ht s. 
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2 38 20 2 DA 

ACTIVITI ES OF THE A.S . C. E. RES EARCH COUNCIL ON THE BEHAVIOR 
OF EXPANSIVE EARTH MAT ERIALS 

Wo rk s h o p Proceedins ; . Ho lt z . WG 
VOL . 2 . Ma y 19 7 3 pp 190 - 9 197 3 
SUBF IL E: HRI S 
The purpose o f thi s pape r i s t o acqu a int the reade r with the 

a . s . c . e . Resea rch council on the b e h a vior of e xpa n s ive e arth 
mat e ri a l s , and t o di scu ss the r eas on. f o r it s ' fo rmation, 
c urr e nt a c tiviti es . r esearc h n e ed s . a nd coordina tion 
fun c t ion s . The c ouncil now c o n s i s t s of 22 me mbe r s , a ll o who m 
ha v e had s ignifi c ant ~xperi ence with e xpans ive e arth 
material s. The c ouncil ha s r ecomme nded two r esearc h proposal s 
a s b e ing import a nt and time ly . The fir s t i s to pre pare and 
publi s h a comprehe n s ive monogr a ph on the present state of the 
e nginee ring art with r espec t to the nature a nd pro per ti es of 
e xpans ive ea rth ma t e rial s , how to r eco g ni z e the m, ho w to 
pr e v e nt damages thro ugh tre atment or s tructur e des ign and how 
b es t to repair or r e duce damages once the y have gbe gun . The 
second proj e ct ha s t o do with the e xpa n s i o n of s oil s 
c ontaining sodium s ulphat e. 
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263863 DA 
THE DEFORMATION OF ROADS RESULTING FROM MOISTURE CHANGES IN 

EXPANSIVE SOILS IN SOUTH AFRICA 
Wi 11 i ams, AAB 
Commonwealth Scientif i c Industrial Research Org; .314 Albert 

Street; East Melbourne; Victoria; Australia 
South African Counc il of Sc i e nce 
pp 14 3-155 15 F i g. 2 Tab. 11 Ref. 1965 
REPORT NO.: TA7 109 A82; 
SUBFILE: HRIS 
The effects of moisture changes in deep, active clay 

s u bgrades are reflected in the general defo rmation of r oads 
whi ch can develop and in the bumps whi c h arise at pipe 
culverts in parts o f South Afri ca. A deformation of 0 . 4 in . 
ove r 20f t . i s often found on sections of r oad about five 
year s after new cons truction . and thi s cons titutes an 
eng ineering problem if high s tandards are to be maintained for 
fa s t travel. The r ecords of move me nt, obtained from severa l 
field s ite s during about sev e n years of prec i se level 
observati o n s , are r e vi e wed and the results are give n of 
labora t ory t es ts on a typical clay, r es idua l from the 
weathering of Ecca Shal e. The prediction of .heav e i s 
me nti o ned and e xampl es are give n of the e ff ec t s of change in 
the l eve l of the wat er table, or of change in the thi c kness of 
cove r . Remedial measu re s s uggested for r e duci ng the 
deformation include lime s tabili za tion of the top l a yer of an 
active clay s ubgrade, additional cover thickness . and 
pre - we tting , no t only of culvert s ite s , but also of the road 
formation by "fallowing" before construction in order to 
conserve moi s ture from rainfall. One o f the most outstanding 
r e maining problems appears t o be the prediction of the r a t e of 
heave under various cond itions, having in mind the diffusion 
of moisture thr o ugh partially saturat ed and fissured mat e ri a l . 
/Author/ 

DESCRIPTORS: 
CLAYS 
DEFORMATION 
EXPANSIVE CLAYS 
EXP ANSI VE SOILS 
FIELD OBSERVATION 
HEAVE 
LABORATORY TESTS 
LIME 
MOI STURE CONDITIONS 
PIPE CULV ERTS 
PREDICTIONS 
REMEDIES 
ROADS 
SOIL SCIENCE 
ST ABI LIZ ATION 
SUBGRAOES 

853 



...... 
N 
+==-

DIALOG File63: TRIS - 70-81/May (Item 4 of 71) User 3213 4may81 852 

263865 DA 
A REVIEW OF LITERATURE ON SWELLING SOILS 
Colorado Division of Highways; 

Denver; Colorado; 80222 
pp 1-65 178 Ref. 1964 
SUBFILE: HRIS 

.4201 East Arkansas Avenue; 

This report, which is based on review of selected literature 
available to the authors and deemed pertinent to the study of 
expansive clays, may be briefly summarized as follows: High 
vo l ume change clays have been encountered in many parts of the 
world and frequently have caused severe damage to structures. 
Differential movement of these soils may be due to shrinkage 
swelling, or cyclic volume changes . Of these, swelling is the 
most detrimental. Swelling of soil may result from any 
combination of increase in the availability of water, 
alteration of clay so that its ~hirst for water is increased, 
and reduction of the applied load on the clay. Because of 
their electrical colloidal nature, clay particles have a great 
attraction for water. The osmotic imbibition of water by clay 
minerals combined with relaxation of effective stress provides 
the principle mechanism involved in the swelling of soils . 
Identification of high volume change soils can be accomplished 
by methods of mineralogical identification or by methods based 
on volume change characteristics of the soil. In a complete 
study of high volume change soils both types of studies should 
be made. For many laboratories, however, some of the 
special i zed mineral identification methods, such as X- ray 
diffraction or differential thermal analysis, may prove to be 
too complicated and expensive, and identification may have to 
be based entirely on the simpler and more practical tests of 
volume change characteristics. The quantitative prediction of 
potential volume change of a clay is essential to solution of 
the engineering problems arising from volume change . The use 
of the consolidometer, which has proved the most satisfactory 
means of prediction of potential v.olume change, still needs 
further study. Reduction of the detrimental effects of 
swelling soils has been the object of numerous research 
studies. Probably the most satisfactory single remedial 
procedure in use has been the removal of the expansive soil 
and its replacement with stable material, but surcharge loads, 
prevention of ingress of water, prewetting. and chemical 
stabilization all have had some success in reducing 
detrimental swell. It is evident that investigation into all 
aspects of swelling soils has been extensive in many parts of 
the world as is indicated by the extent and diversity of 
published literature. It is also evident that some aspects of 
the swelling soil problem have been solved reasonably 
satisfactorily from the point of view of the engineer. some 
aspects are moderately understood, and some aspects will bear 
further . research. From the point of point of view of the 
engineer, clay mineralogy, the behavior of water in a clay 
system, and the mechanisms leading to the swelling of a soil ~ 
are basically understood. However, the interdependence of the 
several factors upon which a particular behavioral 
Yelationship depends fs not always clear. An example of this 
is the disagreement noted in this review over the effects of 

the combination of stress history and climatic history on the 
subsequent swelling of a soil. In regard to identification of 
swelling soils for engineering purposes, the qualitative 
aspect appears essentially solved, utilizing classification 
test data as done by Seed, Woodward, and Lundgren. In 
research work more complex methods are applicable. The 
problem of quantitative prediction of swell has not been 
solved as successfully, but it appears that further 
investigation into the use of the consolidometer test will be 
profitable. In this regard the double oedometer test appears 
to hold promise. The control of swelling of expansive soils 
appears to be the largest problem yet to be solved 
satisfactorily. Control of compacted swelling soils 
apparently is best achieved by moisture and density 
management, though further work seems necessary. Numerous 
methods of control of swell of undisturbed soils are reported 
in the literature, but the efficacy of any method or group of 
methods in a particular instance is often speculative until 
attempted. This is 
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301592 DA 
SUBDRAINAGE WITH A SAND BACKFILL AS A POSITIVE INFLUENCE ON 

PAVEMENT PERFORMANCE 
Steinberg, ML 
Transportation Research Board 
Texas State Department of Highways & Public Transp 
Transportation Research Record N705 1979 pp 71-75 5 Fig. 

Tab. Refs. 
AVAILABLE FROM: Transportation Research Board Publications 

Office 2101 Constitution Avenue. NW Washington D.C. 20418 
SUBFILE: HRIS 
Expansive soils are an estimated $4 billion-a-year problem 

in the United States. They cause severe distortion in many 
human works, including highways. Subdrainage has been used 
extensively in attempts to intercept or remove excess moisture 
from expansive clays. Minimizing moisture change is seen as a 
way of reducing surface distortion and improving pavement 
performance. Underdrains have been used on many highways to 
remove excess subsurface water, and one Texas study revealed 
that their use in expansive soils resu lts in a mixed pattern. 
The effectiveness of deep underdrains with sand backfill is 
now being examined. The sand i s used to provide a moisture 
reservoir and stabilizer for the expansive clay and the 
underdrain wi ll remove the moisture the sand cannot hold . A 
field test of an Israeli experiment is being conducted on a 
roadway sect i on, which has resisted considerable previous 
attention , on US - 90 west of D'Hanis and Hondo, Texas. This 
section cuts through a limestone crust into a clay and has had 
repeated level-up courses of aspha l t. Lime had been p l aced in 
holes 45 em (1 8 in) in diameter , 1.5 m ( 5 ft ) deep, and on 
centers. In this test 38 1 m ( 1250 ft) of 15.24-cm (6-in) 
slotted underdra i n pipe was placed 2.4 (8 ft) deep; the sand 
backfill was placed along the south roadway crown line. 
Observations indicate that maximum movements are taking place 
on the nonunderdrained side in 9 of the 12 sections and are 
averaging three times the movement on the underdrained side. 
Expansive so i l movement under existing pavements probably can 
be reduced by sand-backfilled underdra i ns. /Authors/ This 
paper appeared i n Transportation Research Record No. 705, 
Subdrainage and Soil Mo i sture. 
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