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A research study is under way in Thailand with the objective of establish
ing some definitive relationships between the engineering properties of 
laterites and lateritic soils and their observed performance as compo
nents in pavement structures under various traffic ar,d climate conditions. 
Results of a literature search and field survey are presented with appro
priate comments on their applicability to Thailand road construction 
experience. 

The literature search revealed the widespread use of lateritic mate
rials in road construction and the lack of both engineering and perfor
mance data based on either subjective observations or objective measure
ments. The survey of borrow sites shows that lateritic soils are not only 
highly variable in situ, but also highly susceptible to change in engineer
ing properties when removed from the borrow pit and exposed to a new 
environment. Observations reveal that this exposure of lateritic materials 
can result in either improved durability and strength characteristics or 
complete disintegration and loss in strength, depending on handling and 
environmental factors. 

•IN THAILAND, laterites and lateritic soils are used extensively in road construction. 
Sources have been located that will provide lateritic materials that seem to perform 
satisfactorily under certain limited loading and environmental conditions. However, 
the highly variable and changeable nature of the materials and the lack of a systematic 
method of measuring and relating engineering properties to observed behavior have 
made it difficult to translate findings to other sources in the same or in other environ
ments. Consequently, in 1967 the U. S. Agency for International Development (AID), 
with the cooperation of the Royal Thailand Department of Highways, initiated a research 
study to explore this subject. Although the study is being conducted primarily in Thai
land, it is felt that the findings should have general applicability to all areas in South
east Asia and other tropical regions where laterites are found. 

ENGINEERING REVIEW OF LITERATURE 

A search of the literature on laterites and lateritic soils was made to find data and 
information• on the engineering properties of these materials for use in road construc
tion. The following is a narrative summary of the findings. 

The term "laterite" is derived from the Latin word "later" meaning "brick" or 
preferably from "lateritis" meaning "brick disease." The origin of this term is gen
erally attributed to Buchanan who in 1807, during his journey through Malabar, India, 
used it to describe a material "soft enough to be readily cut into blocks by an iron in
strument, but which upon exposure to air quickly becomes as hard as brick and is rea
sonably resistant to the action of air and water." 
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Since Buchanan's time, the word laterite has been used and misused to describe 
or identify a variety of tropical and equatorial soils, ranging in composition from fer
ruginous and aluminiferous materials to plain red soils. To the present time, no com
plete agreement has been reached among soil scientists, agronomists, geologists, and 
engineers as to the exact origin, composition, and properties of laterites. 

The most recent and complete accumulation of information on laterities was pre
pared in 1966 by Maignien (17) in his UNESCO report, "Review of Research on Lat
erites." Maignien condensed the information contained in more than 2000 bibliograph
ical references published to date on laterites. Previously, a comprehensive review 
of the subject was made in 1962 by Sivarajasingham, Alexander, Cady, and Cline (27), 
and was presented to the American Society of Agronomy in a report entitled "Laterite." 

In reading these reviews and many other excellent works on laterites and lateritic 
soils, it is quite evident that the investigation of laterites from an engineering point of 
view has been greatly overlooked, despite the fact that for many years laterites have 
been used as a primary engineering construction material in tropical and equatorial 
countries. Two papers published in 1957 by Bawa (38) on "Lateritic Soils and Their 
Engineering Properties," and by Nixon and Skipp (5'7f on "Airfield Construction on 
Overseas Soils-Laterite" specifically reviewed available information and data on the 
engineering properties and behavior characteristics of laterites. A study of these two 
papers substantiates the position that very little is known about the engineering prop
erties of laterites because the authors tend to pose questions and suggest further needed 
research rather than provide answers to the many questions about the true nature and 
properties of laterites. Sporadic investigations by various investigators since 1957 
have added little because they have been either incomplete or have dealt only with lo
calized problems and in restricted areas. 

Definitions of Laterite 

Although it seems to be generally accepted that the term "laterite" was originally 
used by Buchanan in 1807, some historians suggest that Babington was the first to use 
the term scientifically in 1821. In any event, Buchanan used it to describe a naturally 
occurring indurated clay having the appearance of a ferruginous deposit of vesicular 
structure, soft enough to be cut with an iron tool when fresh, but one that rapidly 
hardens on exposure to the air and becomes highly resistant to weathering. It can be 
seen that this definition is restrictive and excludes any occurrences where the mate
rial is already indurated in the soil. 

Major steps in defining laterites were taken by Mallet (50) when he suggested that 
laterite was ferruginous and aluminous, and especial1y by Bauer (37) when he estab
lished chemical characteristics and emphasized the presence of small amounts of 
combined silica and of aluminum in a hydroxide form. Others introduced the concept 
of the presence of oxides of iron, aluminum, and manganese. Subsequently, attempts 
to define laterites on the basis of physical characteristics were abandoned in favor of 
chemical or mineralogical composition. 

In 1911, Fermor (41) developed a system based on chemical composition and the 
relatively small amount of silica in proportion to alumina present. Lacroix (49) in 
1913, gave an even more detailed classification on the basis of the total content of 
hydrous oxides and defined them as true laterites, silicate laterites, and lateritic 
clays. 

Although Walther, in 1916, returned to the morphological definition to cover all 
red alluvia and tropical red earths, this was nullified by the insistence of various in
vestigators to use the silica-alumina and later the silica-sesquioxide ratio (i.e., SiO2/ 

Rp3 , where R is either Fe or Al or both) as a basis of classifying soils into laterites, 
lateritic soils and nonlaterites. Some preferred the limiting figure of 1. 33 maximum 
for the silica-alumina ratio, with iron being a nonessential element, while others use 
the same value for the silica-sesquioxide ratio. 

The merits of this system of definition were contradicted by Pendleton in 1936, who 
claimed that the silica-alumina or silica-sesquioxide ratio is only indicative and is not 
an absolute criterion. In Pendleton's opinion, the only correct definition of laterite is 
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the one given by Oldham who describes it as "an illuvial horizon, largely of iron oxides, 
with a slaglike cellular or pisolitic structure, and of such degree of hardness that it 
may be quarried out and used for building construction." 

In 1949, Kellogg (45, 46) introduced the concept that laterites should be defined 
simply as sesquioxide-rich materials that are hard or harden on exposure, and clas
sified them under four principal forms as discussed later. Kellogg's system was 
adopted with certain modifications by the U.S. Department of Agriculture. 

The majority of the concepts brought forward since Buchanan's original discovery 
can be summarized in the definition devised by Alexander and Cady in 1962: "Laterite 
is a highly weathered material, rich in secondary oxides of iron, aluminum, or both. 
It is nearly void of bases and primary silicates, but it may contain large amounts of 
quartz and kaolinite. It is either hard or capable of hardening on exposure to wetting 
and drying." Therefore, it can be concluded that the only unique characteristic of lat
erites from the engineering viewpoint is "induration" since all other criteria can be 
found in other materials. 

Characteristics of Laterites 

Examining the characteristics of a material that does not have a universally accepted 
definition is obviously difficult to accomplish. Consequently, various methods of ex
amination are employed. For example, Maignien (17) prefers to analyze separately 
the "indurated occurrences" (or "laterites in the strict sense of the word") and what 
he classifies as "laterite materials." Others choose the system of examining the vari
ous combinations as one material meeting any of the previously cited definitions. 
Therefore, generalizations of the characteristics tend to be nonuniform. 

The following is a generalized summary of the physical and chemical characteristics 
of laterites that appear to be applicable to present day concepts. 

Physical Characteristics-Laterites occur principally in a vesicular or a pisolitic 
form but may be found in various intermediate types. Their physical characteristics 
may be categorized under the following four general aspects. 

1. Induration-The hardness of laterites varies from a scarcely cohesive state to 
hard blocks. The degree of hardness can be attributed to the relative amount of ses
quioxides and iron, and to the degree of hydration. The extent of aging and the ar
rangement of the various constituents have also an important effect on the induration 
of laterites. 

2. Structure-The various structures of laterites may be reduced to the three fol
lowing patterns: the indurated elements form a continuous, cohesive skeleton; the in
durated elements are free concretions or nodules in an earthy matrix; and the indu
rated elements cement preexisting materials. 

3. Color-Coloration of laterites is usually caused by the presence of iron oxides 
and sometimes also by manganese. The iron oxides impart a characteristic red color. 
When combined with other components of various colors, the red tint is changed in 
various degrees producing shades that can be listed as pink, ochre, rose, brown, vio
let, yellow, green, and black. Coloration is sometimes an indication of the level of 
evolution of the laterite. As age progresses, ferruginous laterites change from red 
to brown to black, and aluminous laterites tend to become lighter. 

4. Specific Gravity-Specific gravities of laterites vary in the range of 2.5 to 3.6, 
and may vary with the size fraction. It increases with iron content with age of forma
tion and with cementation, and may either increase or decrease with depth of the vari
ous levels in the deposit. 

Chemical Characteristics-Laterites are characterized by the high content of ses
quioxides of iron and aluminum in relation to the other components. Bases are gen
erally absent in most cases and combined silica in the form of kaolinite is very low, 
but neither can be considered an absolute criterion. 

Alumina is sometimes the principal constituent, but more commonly the iron oxide 
or the sesquioxides of iron and aluminum are the major constituents. In aluminous 
laterites, combined water, as determined by loss on ignition, is generally higher than 
in ferruginous late rites. 
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TABLE 1 

SILICA AND SESQUIOXIDES FOUND IN CERTAIN 
THAILAND LATERITE DEPOSITSa 

Regions No. of SiO, Fe,O, Al,O3 Ratio of 
Sources (percent) (percent) (percent) SiO,/R,O3 

Sandy soils 12 47.0 30.1 12. 7 3.2 
Basaltic county 

rock 2 23. 6 39.9 21. 8 0.9 
Parent material of 

mixed origin 6 31. 3 40.0 17. 7 1. 4 
Unknown parent 

materials 11 37. 9 40.0 11.9 2. 1 

0 After Pendleton and Shorasuvona (~). 

Quartz can be a major constituent depending on the characteristic of the parent rock. 
Other minerals, such as titanium and manganese, may be present in sufficient quan
tities to justify exploitation as a mineral. Vanadium and chromium appear only in 
small or insignificant quantities. In general, however, a relationship between the com
ponents is difficult to establish owing to the fact that the composition tends to vary be
tween the different size fractions. 

The variations in the chemical characteristics of laterites are illustrated by the 
results given in Table 1. 

Formation of Laterites 

Hypotheses on the formation of laterites are as numerous as on any other subject 
related to laterites. Two facts remain certain, however: the formation of laterites 
requires concentration of sesquioxides, and hardening. 

Concentration of Sesquioxides-A high proportion of sesquioxides of iron and alumi
num, as compared to other constituents, is the main characteristic of laterites. This 
concentration is generally attributed to one or both of the following processes. 

1. Concentration of sesquioxide by removal of silica and bases-The fact that lat
erites have been found to have the same proportions of iron and aluminum oxides as the 
parent material led early researchers to believe that concentration of sesquioxides oc
curred by a relative leaching of silica and bases. In this process the constituents are 
reorganized in situ by the action of the movement of water and thus form a skeleton. 
This view was also supported by the fact that the hardness of laterites was closely re
lated to the presence of iron in the parent rock. 

2. Concentration from outside sources-Researchers have also found that enrich
ment does not occur always on the profile scale, and observations, supported by sam
ples, have shown that the necessary sesquioxide constituents were transported by lat
eral movement from neighboring soils. Lateral migrations affect mainly the iron and 
manganese rather than aluminum, and in certain instances such migrations have been 
found to be effective for distances reaching up to 3000 meters. The enrichment process 
can be effected by four different movements of water: vertical leaching of earthy ma
terials and subsequent accumulation of aluminum and iron in the underlying laterites; 
capillary rise and upward movement of solution of iron from the parent material to the 
overlying laterites; fluctuating water table carrying the various constituents, and the 
subsequent effects of oxidation; and the lateral movement of water carrying the iron. 

Hardening Process-For many years, researchers attributed the hardening process 
to the following basic steps: (a) development of constituent sesquioxides, (b) precipita
tion, (c) concentration, and (d) crystallization by desiccation. This theory, however, 
is easily disproved by the abundance of soils that are extremely rich in iron and alumina 
or both, but are not indurated. 

Some a.luminous laterites do exist and it is known that alumina does crystallize and 
harden; still it is believed that iron, and especially its arrangement in the profile in 
relation to the other constituents, is the important factor in the induration process. 
Sivarajasingham, et al (27) conclude that "conditions that permit segregation and crys-
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tallization of iron in a pattern that will provide a rigid framework are essential to 
the hardening process." Additionally, an alternate wetting and drying cycle, not dry
ing alone, is necessary for hardening. Alexander cites a case where laterite obtained 
from the same quarry was used for building various parts of a house. After fifteen 
years, the walls of the house, protected by wide overhanging eaves, were soft enough 
to be cut by a thumbnail. Other parts, exposed to alternate rain and sunshine, were 
hard enough to resist the light blows of a hammer. 

Classification of Laterites 

The first attempt to classify laterites is believed to have been made by Lacroix (49) 
in 1913 on the basis of total content of hydrous oxides. His system consisted of (a) true 
laterites, with a hydroxide content of more than 90 percent; (b) silicate laterite, with 
a hydroxide content of 50 to 90 percent; and (c) lateritic clays, with a hydroxide con
tent of 10 to 50 percent. 

In 1927, Martin and Doyne (51) relied on strict chemical characteristics and espe
cially the silica-alumina ratio and used the following criteria: (a) laterites, having a 
silica-alumina ratio of 1.33 or lower; (b) laterite soils, having a silica-alumina ratio 
of 1.33 to 2.00; and (c) nonlaterites, having a silica-alumina ratio of 2.00 or higher. 

In 1949, Kellogg (45, 46), in a broader approach, used the term laterite in connec
tion with four principal forms of sesquioxide-rich materials that are already indurated 
or could become indurated on exposure: (a) soft, mottled clays that change to hardpans 
and crusts when exposed; (b) cellular or mottled hardpans and crusts; (c) nodules in a 
matrix of unconsolidated material; and (d) consolidated masses of such nodules. 

Later studies, by other investigators, suggest that lateritic alteration of soils is 
not necessarily related with crust formation. This view has resulted in the introduc
tion of such terms as "cuirass" for indurated formations, "plinthite" for formations 
capable of induration, and the terms "oxisols'~ "kaolisols", "ferralitic soils'~ and 
others for lateritic soils. 

The inability to reach a universally accepted classification, and the worldwide dis
tribution of laterites and tropical soils have resulted in the adoption of several national 
systems. According to Maignien (17), these systems can be classified as (a) analytical 
classifications based primarily on morphological characteristics, with a bias toward 
soil-genetic considerations; and (b) synthetic classifications based on genetic factors, 
or soil-genetic processes or properties of pedogenetic factors or processes. 

From the above discussions, it becomes evident that an appropriate or acceptable 
classification for engineering purposes is nonexistent. Some have chosen a modified 
system adopted from Martin and Doyne (51) and based on the silica to sesquioxide ratio, 
whereas others prefer to use the unqualified terms of "laterite" and "lateritic soils." 

Engineering Properties 

Information and data in the literature dealing with the engineering properties of 
laterites is extremely limited. The situation is further complicated by the fact that 
various investigators have used the term "late rite" to describe several materials of 
completely different characteristics. Following is presented a selected cross section 
of the available data on the physical and mechanical properties of laterites as deter
mined by various tests. 

Preparation of Samples and Testing Portions 

The first obstacle in the process of testing laterites is encountered in the prepara
tion of the testing portions. Investigators have reported that drying of certain tropical 
soils has a definite influence on the colloidal fraction and results in an irreversible 
change to a soil with more granular characteristics. Although these findings have been 
primarily reported on Hawaiian soils, the possibility of such alterations in other trop
ical materials, such as laterites, has been implied. To detect such changes, Tateishi 
(65) has introduced the concept of the "aggregation index" expressed as the ratio of the 
sand equivalent test value of the dried sample to that of the sample in its natural state. 
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An aggregation index of 1 indi
cates a nonsensitive material, 
whereas higher indices in the 
range of 2 to 10 would require 
the modification of test procedures 
to eliminate the drying process. 

Particle Size Distribution 

Particle size distribution of 
laterites is extremely varied and 
erratic. The relatively weak 
structure of the concretionary 
material (i.e., its vulnerability 
to degradation) yields variable re-
sults. Because the distribution 
covers all size fractions, from 
clay to large gravels, it is im
possible to derive an acceptable 
generalization. 

Activity of the clay portion, 
defined as the ratio of the plas
ticity index to the percentage of I YI -A 
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clay content, has not shown any 
definite trends for classifying pur
poses, although some limited but 
promising results have been de
rived in comparison with strength 
values of cement-stabilized lat-
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Figure l. Activity of laterites: figures in parentheses are 
the "activities" of the clays [after Nixon and Skipp (57)]. 

erites as discussed later. A dis
tribution of activity points for several laterites is shown in Figure 1. 

In addition to the extreme natural variations of laterites, the methods used in ob
taining test results are doubtful and subject to various procedural errors. Studies 
have shown that percentages passing the No. 200 mesh sieve by dry sieving have in
creased by more than 300 percent when the same material was tested by wet sieving. 
Also, many cases have been reported in which flocculation problems during hydrom
eter analyses could not be overcome even when the fine particles were dispersed by 
means of ammonium or sodium phosphates. 

Atterberg Limits 

The Atterberg limits, so commonly used to classify soils for engineering purposes, 
seem to be of limited assistance in classifying laterites because of the extremely wide 
variations obtained by many investigators. Although some workers seem to be confi
dent in establishing rigid rules as to the maximum values of the liquid limit, i.e., less 
than 35 (Remillon, 62) or less than 60 (Nixon and Skipp, 57), others report averages 
in excess of 50 withranges of 30 to 90. As a result, thepiasticity indices of these 
materials have been reported in the range of 0 to 90, with the majority in the vicinity 
of 20 or less. 

It is noted, however, that several investigators emphasi,ze the importance of manip
ulation of the material during the performance of the tests and its effects on the final 
results. Cases have been reported of liquid limit results increasing from 46 to 53 per
cent by increasing the amount of remolding. It is believed that these changes result 
from the degradation of the material and also the slight effect of deflocculation of the 
fines by prolonged wetting. These effects seem to influence the liquid limit much more 
than the plastic limit determination, resulting in increased plasticity indices. When 
plotted on the Casagrande plasticity chart, the Atterberg limits do not follow any cer
tain pattern in their distribution above or below the A-line as illustrated in Figure 2 
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where results from tests on lateritic soils from many sources are shown, including a 
number from Thailand . 

Specific Gravity and Unit Weight 

The specific gravity of laterites is generally higher than most nonlateritic materials 
and ranges between 2.5 and 3.6. This is generally attributed to the presence of iron 
and, to a certain degree, the presence of titaniferrous materials. It has also been de
termined that almost invariably the nodules or concretions have a higher specific gravity 
than the fines or the average of the material. Remillon (62) gives the results on three 
samples of African late rites as shown in Table 2. The same approximate variations 
have been obtained in certain Indian laterites where the specific gravity ranges between 
3.0 and 3.5. 

Unit weight of laterites follows the same pattern as the specific gravity. Moisture
density curves are subject to variations resulting from the degradation of the material 

TABLE 2 

TYPICAL VALUES OF SPECIFIC GRAVITY FOR LATERITES 

African Lateritesa 

Size Fraction Thailand Hawaiian 
Sample Sample Sample Lateritesb Late r ltesc 
No. 1 No . 2 No. 3 

Larger than 0. 5 mm 2. 76 3 . 13 3 . 13 
0 . 5 to 0. 1 mm 2.73 2. 75 2. 65 
0.1 to 0.05 mm 2.71 2.64 2. 63 
Finer than O. 05 mm 2. 65 2. 63 2. 60 

Total sample 2. 69-2.96 2.73-3 . 12 

0 After Remi I Ion (~). bAfter Moh, et ol (~). CAfter Andrew (~). 
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during compaction. For a given soil and using a given compactive effort, results of 
maximum dry unit weights range from approximately 85 lb per cu ft to as high as 145 
lb per cu ft. Optimum mositure contents cover a range of 6 to 20 percent. To partially 
overcome the effects of degradation during testing, the majority of the investigators 
agree that new material must be used with every point determination. 

Strength 

Strength of laterites has been determined by unconfined compression, California 
Bearing Ratio (CBR), and triaxial tests. Investigators report that strength character
istics are as varied as any of the other properties discussed previously. The greatest 
variation occurs generally in the CBR values that have been found to vary from 1 to 78. 
Nixon and Skipp (57) report that CBR values are low before saturation, although the 
values improve considerably after soaking. They attribute this occurrence in part to 
the difficulty in obtaining a flat surface at the top of the specimen when the material is 
dry. However, the experience of the Thailand Highway Department is that the CBR 
values generally decrease after soaking. 

Unconfined compressive strengths are also reported to be extremely low with the 
specimens disintegrating completely on immersion. The experience of the Thailand 
Highway Department laboratory is that the unconfined compressive strengths of speci
mens of lateritic soils compacted at optimum water content in the Procter mold range 
from 40 to 150 psi, which is not considered extremely low. 

Limited triaxial test data have shown that laterites possess a high cohesion and an 
appreciable angle of internal friction, approximately 35 to 40 degrees. Based on his 
experience in the use of laterites in road construction, Remillon (62) recommends a 
minimum cohesion of 7 psi for a limiting value and over 10 psi forsatisfactory results. 

Other Properties 

Other properties of laterites such as permeability, swelling, etc., have been inves
tigated. Because of their granular characteristics, laterites are considered to be 
permeable and to provide adequate drainage. It is reported that the coefficient of per
meability, however, decreases as the material degrades and becomes more clayey and 
plastic. On the other hand, it is the Thailand Highway Department's experience that 
lateritic soils are generally of low permeability because of the high percentage of clay
ey fines. However, as laterite nodules are formed in the soil by the laterization pro
cess, the permeability of the soil deposit is found to increase. 

Swelling problems are not considered significant in laterites because they generally 
contain clay minerals like kaolinite that have low swelling characteristics. However, 
some lateritic materials of inferior quality are reported to have high swelling char
acteristics attributed to a low degree of laterization and to the presence of high-swell
ing clay minerals . 

A summary of the range in engineering properties of laterites obtained from 57 dif
ferent laterite sources in the Kingdom of Thailand is presented in Table 3. From the 
given tabulation, condensed (61) from various sources of available engineering research 
on laterites, it is evident thatat the present time no combination of test properties has 
proven satisfactory for use as classification criteria for late rites. On the other hand, 
it does indicate that the term "later· " u ed to define at e of soil includes a 
variety of materials and that the basic problem is essentially one of developing logical 
and reliable limiting criteria to segregate those laterite materials that can be success
fully used in the construction of roads and airfields. 

Stabilization of Laterites 

The stabilization of laterites by the use of organic and inorganic admixtures has been 
investigated by several researchers to a very limited extent. The results, though en
couraging, are contradictory in many instances. Conflicting reports are even found 
on the use of the more common admixtures such as portland cement, lime, and bitu
minous materials. 



TABLE 3 

RANGES OF ENGINEERING PROPERTIES 
OF THAILAND LATERITES 

Properties 

Passing No. 200 sieve, 
percent 

Liquid limit, percent 
Plasticity index, percent 
AASHO classification 
Group index 
Specific gravity 
Maximum density, lb per 

cu ft 
Optimum water content, 

percent 
California Bearing Ratio, 

percent 
Swell, percent 
Los Angeles Rattler Test, 

percent loss 

Range of Values 

Minimum 

0 
18 
NP 

A-1-A 
0 
2. 59 

118.0 

7.0 

7 
0.1 

20 

Maximum 

66 
97 
51 

A-7-6 
10 
3.20 

144.5 

13. 4 

60 
55. 0 

60 
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Portland Cement-The use of portland 
cement as an admixture has not produced 
consistent improvements in the strength 
and durability of late rites. Winterkorn 
and Chandrasekharan (70) reported labo
ratory studies of two laterites and two 
lateritic soils stabilized with portland ce
ment. Only one of these materials showed 
a definite improvement with unconfined 
compressive strengths varying from 132 
to 550 psi, depending on the type of ex
posure. Results obtained on the other 
three materials were discouragingly low 
although cement contents in the range of 
8 to 18 percent were used. 

More recent reports, a majority of 
them using laterites from Thailand, show 
promising results with cement stabiliza
tion. Yimsirikul and Jones (71) obtained 
satisfactory laboratory test results on 

samples having plasticity indices ranging from 12 to 39. Even under such high indices, 
5 percent cement produced unconfined compressive strengths in excess of 250 psi at 
28 days, a criterion suggested by the British Road Research Laboratory, with some 
values reaching as high as 800 psi. On the basis of percent loss under wetting and 
drying cycles established by the U.S. Waterways Experiment Station, some of these 
materials could be stabilized with as little as 3 percent cement. CBR values increased 
from 30 to 110 percent by the addition of 3 percent cement and continued increasing at 
higher percentages. 

As a rule, the Thailand Highway Department Laboratory has found that 3 to 5 per
cent cement will generally provide an unconfined compressive strength of 250 psi at 7 
days if the laterite has a plasticity index of less than 18. 

Satisfactory results were also reported by Moh, Chin, and Ng (54) on samples ob
tained from various regions of Thailand. Plasticity indices of these samples range 
between 11 and 19, whereas textural composition is extremely variable. It is con
cluded that all of the materials tested could be stabilized by the use of 4 to 7 percent 
cement. In this study, a definite relationship was obtained between strength and "ac
tivity" values as expressed by the ratio of plasticity index to percent clay finer than 
the 0.002 size. The importance of proper compaction is strongly emphasized by the 
fact that a small decrease in percent compaction resulted in considerable reduction of 
compressive strength. 

As opposed to the above findings, Wigginton (69) reports complete failures in cement 
stabilization of some Thailand laterites having engineering properties very similar to 
the materials tested by Moh, et al. A range of 5 to 8 percent cement content produced 
abnormally large vertical cracks and subsequent failures of the specimens on immer
sion. However, Wigginton recommends soil modification by the use of only 4 percent 
cement to reduce the plasticity of the material and to improve its quality, to a certain 
extent, for use as a subbase. 

In this connection, the Thailand Highway Department has observed that the large 
vertical cracks occurring in cement-treated laterite bases are similar to those 
experienced by other road building agencies, even those with nonlateritic materials. 
Hence, although these cracks are considered undesirable, they are not considered to 
be abnormal. 

Lime 

Results obtained by the use of lime as a stabilizing agent for laterites are incon
sistent. Although some researchers completely eliminate the possibility of using lime 
with any benefits, others have obtained encouraging results. Winterkorn reports com-
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plete failures with extremely high percentages of lime (8 to 18 percent by weight), 
whereas Wigginton (69) implies restricted possibilities for reduction of plasticity in
dices with considerably smaller additions of lime (2 percent by weight). 

In contrast, Biszewski (39) reports satisfactory improvements on unconfined com
pressive strength and CBR values, but emphasized the fact that compaction of the lime
laterite mixture should not be delayed by more than 24 hours after mixing. In a field 
study of South African laterites, in situ CBR tests of lime-stabilized laterites proved 
to be of the same or higher value than cement-stabilized laterites, although the limited 
number of results could not be used for a broad generalization of this observation. 

In Thailand, the Highway Department has experimented with laterite stabilization 
using a combination of 2 percent lime and 3 percent cement. Early results are indi
cating that the shrinkage cracking patterns generally associated with cement-treated 
bases is not developing as rapidly. Some test sections have not revealed any serious 
cracking for a period of over 2 years. 

Bituminous Materials 

The use of several bituminous materials in the form of asphalt and tar cutbacks 
has been investigated by Winterkorn and Chandrasekharan (70). In most cases, the 
use of one or even two additional chemical admixtures has been necessary to obtain a 
certain improvement in strength and waterproofing characteristics. Based on these 
results, the use of bituminous materials for stabilization would seem to be impractical. 
This may not be the case, however, and asphalt stabilization experiments are cur
rently under way in Thailand to determine the response of Thailand laterites to asphalt 
as a stabilizing agent. 

It is evident from the preceding that essentially all research on stabilization of lat
erites has been performed at laboratory scale. Such studies, although informative, 
cannot duplicate the conditions of long-term effects of weathering and traffic loadings. 
Therefore, no definite conclusions can be derived from the behavior and performance 
of stabilized late rites until results of controlled field experimentation become available. 

PERFORMANCE STUDIES 

Several trafficability studies conducted by the U.S. Army Engineers and their vari
ous departments do not provide enough correlation between the types of laterites and 
their behavior. When laterite has been used as a surface course, the general com
ments tend to classify such pavements as both (a) corrugated, deeply rutted, extremely 
rough and dusty when dry, and (b) soft, filled with waterholes, and impassable when 
wet. Although in general agreement with this descriptive classification of laterite
surfaced roads, the experience of the Thailand Highway Department with many miles 
of such construction is that they will carry traffic and are not impassable when wet. 

A search of literature has provided only two available performance studies on high
ways where laterites have been used as roadway materials: one, a rather comprehen
sive objective evaluation by De Leuw, Cather International (30) of the Sara Buri-Khorat 
Highway based on load-deflection measurements; and the other, a limited subjective 
evaluation by L. S. Pailey (34) of the Khorat-Nong Khai Highway, both constructed in 
Thailand. -

The Sara Buri-Khorat Highway was constructed in 19 58 and has a pavement structure 
consisting of a 5-cm asphalt concrete surfacing, with a 10 to 15-cm base of stone, grav
el, crusher run or stabilized gravel, and a subbase of varying thickness consisting of 
several kinds of materials, some of which were classified as laterites. Deflection 
studies were performed at various locations and samples of the pavement materials 
were taken for laboratory testing. However, the laboratory test results were not in
cluded in the report nor are they yet available for correlation of engineering properties 
with observed performance. Although the performance of this highway over the past 10 
years has been good, some localized failures have been observed. These have been 
attributed by the Thailand Highway Department to silt pockets under the pavement 
structure. 
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The Khorat-Nong Khai Highway has a 3 cm double penetration macadam surfacing 
with a 30 cm base course of either a lateritic or nonlateritic material, with the ex
ception that it includes a section !mown as the "Demonstration Project" having a 20 
cm thick lateritic soil base. This demonstration project had been in use for 7 years 
as compared to 21/2 years for the remainder of the project. The study by Pailey was 
initiated during reconstruction of the demonstration section, now under investigation, 
because of its complete failure. The other sections of the highway show various de
grees of serviceability. However, no relationships between observed performance 
and material properties were developed because no samples were taken and no field 
or laboratory tests performed. Under the study currently under way, correlations 
will be made between the condition of the pavement and lateritic soil properties for the 
traffic and environment encountered. 

In summary, there does not exist in the available literature any evidence to justify 
conclusions with regard to the performance of lateritic materials in pavement structures. 

FIELD SURVEY 

A field study by soil engineers and engineering geologists was made in Thailand in 
1967 to evaluate sources of lateritic materials used in road construction (56). The de
tails of geologic setting, laterite formation, borrow pit profile, and physical prop
erties were noted and are described in this section. Figure 3 is a map of Thailand 
showing the routes taken in the field survey. 

Thailand is divided into five physiographic provinces as follows: 

1. The Northwest Highlands-a high relief area covered by well-drained soils and 
underlain by folded complexes of limestone, granite, shales, sandstones, and thin meta
morphic equivalents. 

2. The Chao Phraya (Bangkok) Plain-covered by a thick sequence of wet, poorly 
drained soils and underlain at great depth by shales and sandstones. 

3. TheKhoratPlateau-aflat area covered by less than 20 feet of well-drained soils 
and underlain by sandstone, shales, salt beds, and occasional extrusive igneous rocks 
such as rhyolite. 

4. The Chanthaburi District-a dissected upland area not studied. 
5. The Peninsular Province-similar to the Northwest Highlands, but with rain 

forest climate. 
The climate is an important factor in laterite formation and should be understood. 

The Highlands has a mild subtropical climate with moderate seasonal rainfall; the pla
teau has a monsoonal climate alternating between flooded wet seasons and parched dry 
seasons; and the Chanthaburi and Peninsular areas have a tropical rain forest climate 
with no prolonged dry spells. Thus, the geology of most of Thailand is characterized 
by rocks of diverse geologic character covered with soils of variable drainage char
acteristics in the humid monsoonal environment. This leads to deep soil weathering 
and rapidly fluctuating groundwater movement in most areas, prime factors in laterite 
formation. 

Laterite Formation 

The true laterite in this study was taken as the hardest end product that can be ob
tained by allowing an iron- or alumina-rich soil to indurate or oxidize in the presence 
of ample oxygen and water. This laterite consists of from 70 to 90 percent of an iron 
oxide skeleton, and the late rite will have a pitted, vesicular, honeycomb structure not 
unlike scoriaceous basalt; soil particles are minor or nonexistent. It is laterite in 
this form that is used as paving blocks in Thailand; a good example was observed at a 
restaurant in Chiang-Mai. 

In the pits visited in connection with this study, however, laterite of this form did 
not exist. Instead, the laterite was found in the form of angular to rounded nodules 
having skins of iron oxide (hematite) with variable amounts of softer iron hydroxide 
(limonite) making up the core of the nodule. These laterite nodules are the materials 
of interest for road aggregate and great efforts are made in Thailand to locate and 
mine such deposits for road work. 
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The laterites are either primary or secondary. The primary laterites occur in 
thin horizons in a residual soil profile that is in place over the parent bedrock; the 
iron or alumina oxide has been formed and then concentrated by alternate cycles of 
air-drying then oxygen-rich water percolation moving vertically and horizontally through 
the soils oxidizing the iron compounds found along the more permeable zones. The 
waters may even transport or pipe out fine soil particles from the soil horizons and 
deposit more iron oxide in the voids intensifying the honeycomb laterite structure. As 
the laterite horizon is excavated during borrow pit development, the laterite skeleton 
is broken down resulting in nodules that are angular and irregular both in shape and in 
hardness. The primary late rite profile usually has a somewhat horizontal and regular 
geometry with a single laterite horizon and increasing plasticity toward the bedrock. 

The secondary nodules are always found in transported sedimentary soils and, un
like the primary materials, usually occur in irregular bodies of sands, gravels, and 
clays with any geometry . There is usually a lack of regular patterns, but there is 
marked contact between the soils and the alien bedrock. The nodules usually form in 
random patterns around host sand or gravel fragments in a sporadic fashion. The 
nodules are highly zoned and may contain hard, thin hematite skins over soft, clay 
cores. Often no discrete hardened nodules as such are found in the more clayey soils, 
but rather these host soils have a very iron-rich color and appreciable ferruginous 
cementation with soft, plastic, incipient nodules in various stages of development. 
-Zones of higher permeability along sands or gravels are much more likely to exhibit 
laterite formation than clayey zones where laterite formation is confined to clay. 

The field study indicated repeatedly the effect of soil permeability and the alternate 
wetting and drying cycles on laterite formation. It appears that such cycles introduce 
ample oxygen as well as oxidizing organic acids into the permeable soil passages, and 
that the resulting environment optimizes the oxidation of the soil-contained iron (or 
alumina) to oxides, the main constituent of laterite. Wherepermeabilityis low, ground
water movement is restricted, and laterization does not flourish; where soils remain 
flooded, a reducing environment exists discouraging laterization; and where ground
water is absent, laterization does not occur. It even appears that an acid environment 
promotes the formation of iron oxide (hematite) and thus hard laterite, whereas a basic 
environment shifts the chemical processes to iron hydroxide (limonite) formation pro
ducing quasi-lateritic nodules of inferior quality and low durability. 

Khorat Plateau Borrow Sites 

The classical brick-like laterite was notgenerally foundin this area. All pitsvisited 
exhibited the nodular laterite, sometimes of the primary variety but most often of the 
secondary variety. One of the few good examples of primary nodular laterite was a 
pit 5 km east of Sara Buri (see Fig. 3) on Highway Route 2. In this pit, hard, angular 
nodules of hematitic laterite predominated to a depth of about 120 cm below grade, and 
occurred in a groundmass of silty clay; the hard nodules were difficult to break with 
a geology pick and had a random, imperfectly formed vesicular fabric. The nodules 
passing a No. 12 sieve had a dry Los Angeles Rattler Test (LART) loss of 25 after 500 
revolutions with a ten-ball charge; the clayey groundmass had a LL of 76, a PI of 39, 
and an acidic pH of 4.6, favorable for hard laterite formation. Below 210 cm the hard 
nodules disappeared and the pit soils became stiff, iron-stained clays of lower perme
ability containing soft clods of incipient nonplastic nodules. Below 420 cm, a tight, 
grey, slightly ferruginous, residual clay was well-developed and gradually graded to 
weathered rhyolitic bedrock. 

In a pit 21.6 km southeast of Choke Chai on Highway Route 2071, a lattice of pri
mary laterite nodules was found about 100 cm below grade interspersed with permeable 
clayey silt matrix . The nodules were somewhat vesicular and angular but broke fairly 
easily with a geology pick; their LART loss was 34. The clayey silt had a Pl of 20 and 
a pH of 5.5, was less acidic than the Sara Buri pit described previously, but was still 
adequate for appreciable laterization. 

Most of the remaining 20 to 30 pits visited in this area were the more predominant 
secondary lateritic soil sources. At a pit 37 km east of Ubon on Route 217, 3 cm of 
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fine, silty sand was underlain by a single 50-cm thick layer of hard, rounded, fine 
sand-sized, hematitic nodules in a loose matrix of clayey silt; the fine nodules re
quired a heavy hammer blow to crush them, and they had a LART loss of 24. The 
clayey silt had a LL of 42, a Pl of 17, and a pH of 5.2. Below 80 cm, a lean clay con
taining only very indistinctly soft nodules was found. 

A good example of the heterogeneity of secondary laterite pits was found 1 km north 
of Selaphum on Route 2046. Here, 50 cm of clayey, gravelly surface silts of pH 5.7 
are underlain down to 300 cm by several laterite nodule layers of various composition 
and hardness. A 20-cm thick layer from 100 cm to 120 cm is a very hard, massive 
brick-like honeycomb with coarse cell walls of well-indurated hematitic laterite, a 
true lateritic horizon. Minor limonite lining occurred in some of the honeycomb voids, 
and pH could not be determined because of the rock-like nature of the layer. From 120 
to 150 cm a river gravel exists containing soft, coarse, hematitic and limonitic nodules 
in a clayey silt with a pH of 5.8 and a Pl of 10. From 150 to 200 cm, a fine gravel with 
negligible nodules is found. From 200 to 250 cm, a massive layer of medium-hard, 
irregular, coalesced nodules with hematitic skin and limonitic core is found with a pH 
of 5.2 . From 250 to 300 cm, the coalesced nodules were hard with more hematite, 
less limonite, and a lower pH of 5.0. Below 300 cm the nodules became soft, irregu
lar, more limonitic, and the less permeable clayey groundmass increased. 

Clearly, these several variable laterite layers of widely different hardness could 
create an expensive selective mining operation if laterites of all hardness ranges were 
to be excavated from the pit. In actual operation, however, the layers are blended 
during excavation, severely downgrading the value of the constituent from the 20-cm 
level. 

Along Route 22, 47 .5 km east of Udon, a large, typical pit is operated by a road 
contractor from Formosa. Here, 30 cm of surface, nonplastic clayey silts overlie a 
variable layer of soft to medium-hard, irregularly shaped, laterite nodules embedded 
in clayey silt; the softer nodules have a thinner hematite skin and a thicker limonite 
core, whereas the harder nodules have a thicker hematite skin. The average rattler 
loss of the nodules is 26 and the pH of their silty clay groundmass is 5.8. Below 120 
cm the nodules generally increase in hardness, increase in roundness, decrease in 
rattler loss, and the average groundmass pH drops to 5.2; the groundmass Pl increases 
from 12 to 23 at the 120 cm depth . 

The harder secondary laterite nodules appear to be associated with a more acidic 
(lower pH) environment, but the additional effect of rapid induration after exposure to 
air and rainwater in pit excavations was also quite noticeable in several pits. At a 
large pit 6 km east of Yasothorn on Route 216, 100 cm of clayey silt cover were ex
cavated to gain access toa 200-cm thick layer of medium-hard, rounded, fine hematite 
nodules. When initially exposed to air, these nodules broke under a moderate hammer 
blow, had moderately developed hematite skins with softer limonite cores, and had a 
LART loss of 51. The groundmass had a pH of 5.0. Below 35 cm the pit soils con
sisted of silty clays containing only incipient nodules of soft limonite, then fine, white, 
sandy silts. After several months of exposure to air and prediodic monsoonal rains, 
the exposed nodules in the walls of the pit bank were noticeably harder and required a 
stronger hammer blow to break them; the lower incipient nodules were well on their 
way to developing hematitic skins. All exposed nodules had noticeably thicker hematite 
skins than nodules at the same level, but were still buried approximately a foot in the 
bank. Although no post-exposure LART tests were conducted, there was a definite 
likelihood that the losses would be closer to 30 than 50. Thus, even in the somewhat 
higher pH environment of 5.0, exposure to air and rainwater noticeably increased lat
erite induration even in a few months. The effects of such exposure appear to be even 
more pronounced if the permeability of the laterite soil is initially lower. Hence, ex 
posed clayey zones indurate more than gravelly zones that are already better indurated 
before excavation. 

In the more alkaline areas over lying the salt beds south of Sealphum, the pH values 
of the soils are usually on the alkaline side (above 7 .0) and interestingly, it is rare to 
find laterite (or hematite) pits being used commercially in these soils. Usually the 



end product is the more basic iron hydroxide (limonite) and the resulting level of in
duration is minimal, thus making the lateritic material of little value in road con
struction. 

Peninsular Province Borrow Sites 
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A typical southern pit, and one of the largest deposits of primary laterite in the 
peninsular area, is in the town of Trang. This pit has developed over limestone bed
rock; the soil is typical of the classic terra rosa deposits that form over limestone, 
the iron oxides resulting from impurities weathered out of the limestone. In Trang, as 
in most of this area, the ferruginous enrichment is carried to a high degree by the 
high rainfall and the good permeability of the soil. The highest degree of enrichment 
is where the laterite nodules are found, and these are typically melon-sized inclusions 
of hematite. The inclusions have a vesicular structure of hematite walls with inter
connected voids and passages. Indications are that vertically and horizontally perco
lating groundwaters concentrate their flow in the zones of highest permeability, wash
ing away the finer soil particles and depositing the honeycombed precipitates of hema
tite to gradually build the laterite blocks. Where the soils are less permeable, lat
erization is accordingly less advanced and limonite is more common; but where the 
imperfectly laterized soils are exposed to air and surface-water flows, laterization is 
accelerated. 

Northwest Highlands Borrow Sites 

Most pits in the highlands are limited only to alluvial-filled valleys and intermontane 
basins; many of the locally termed laterite pits being only iron-stained, decomposed 
granites. Curiously though, where true laterites do occasionally occur, they are rather 
completely developed. 

A good example is a small secondary laterite quarry where the laterite is carved 
into building blocks. The laterite, in situ, consists of medium-hard, pea-sized, black, 
hematite nodules mixed into a stiff, moist, clayey sand groundmass. This soil is 
permeable and is constantly wet with seepage. Blocks about 25 cm square and 10 cm 
thick are carved out of the moist nodular clay by workers using hand tools. The blocks 
are then stacked, air-dried, and aged in the sun and rain for several weeks during 
which time they harden to the true brick-like laterite. The unconfined compressive 
strength of the blocks varies from 2000 to 4000 lb per sq ft when quarried to well over 
10,000 lb per sq ft after aging; these aged materials were in use as paving stones on 
the previously mentioned restaurant in Chiang Mai, and have been used for several 
hundred years as repair materials for the ancient temples at Sukhothai. 

SUMMARY AND OBSERVATIONS 

Lateritic soils are used extensively in the construction of roads in Thailand with 
varying degrees of success. A study sponsored jointly by the Thailand Highway De
partment and the Agency for International Development is under way to relate the engi
neering properties of laterites to their observed behavior characteristics as deter
mined by subjective evaluation and objective measurements. A thorough review of 
available literature and project reports has been made together with a field survey in 
Thailand of over 70 borrow pits now being used. 

On the basis of the above review and survey, the following engineering definition of 
lateritic materials has been adopted in the study presently under way. It is consistent 
with the definition introduced by Kellogg (4 5, 46) in 1949 and in use by agronomists and 
informed engineers throughout Southeast Asia;-except for a clear-cut separation of 
hardened from nonhardened lateritic materials. 

LATERITE is a hardened material formed by the primary (i.e., sesquioxides pre
sent in pa1·ent material) weathering of nontransported soils, or by the secondary (i.e., 
sesquioxide supplied by lateral groundwater movement) enrichment and cementation of 
transported or nontransported soils. In chemical and mineral composition, laterite is 
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rich in the sesquioxides of aluminum and iron. It is nearly void of bases and primary 
silicates, but it may contain large amounts of quartz and kaolinite. In physical com
position, laterite occurs as a hardened aggregate in any combination of four principal 
forms: {a) consolidated pisolithic masses; {b) unconsolidated pisolites (concretions) 
in a soil matrix; {c) consolidated vesicular (worm hole) masses; and {d) cemented pre
existing materials, such as quartz, in pisolithic or vesicular structures. 

PLINTHITE is a nonhardened or poorly hardened material formed by incomplete 
laterization of soils similar in chemical and mineral composition to laterite. In phys
ical composition plinthite may exist as a nonhardened soil of any type. It frequently 
occurs as poorly formed nodules in clay. It differs from laterite only in that it is not 
hardened. It may harden to form laterite on exposure to wetting and drying. 

LATERJTIC SOIL is soil, or any physical composition, in which the majority, by 
weight, of the sample is composed of hardened late rite of any form. 

As a result of the review and survey to the present, a number of observations may 
be stated as follows: 

1. The primary characteristic of a lateritic material that makes it attractive as a 
road-building material is the process of induration that can produce a good, durable, 
hardened aggregate (i.e., laterite as defined above) for use as a subbase, base, or 
surface course material. 

2. There is a decided lack of information in the literature both on the engineering 
properties of laterites and lateritic soils, as defined above, and on the performance of 
such materials under various loading and environmental conditions. 

3. The available data both in the literature and as produced in this study show that 
lateritic materials are both quite variable in deposit and quite changeable in physical 
characteristics when exposed to various handling and environmental factors that re
sults in either improved durability and strength, or degradation and disintegration. 

4. Most of the lateritic materials in Thailand are really lateritic soils containing 
iron-rich gravels, sands, silts, and clays. Except for the artificially aged blocks 
from the quarries of the Highlands, no extensive true brick-like laterites were found 
in the survey of borrow pits in Thailand. Nearly all of the primary and secondary soils 
have varying degrees of hematitic concentration. 

5. Most lateritic deposits presently used in highway construction are being exca
vated to produce a blended stockpile of iron-rich clays and silts containing laterite 
nodules of widely varying hardness (i.e., lateritic soils). The more resistant yet often 
thin zones of laterite nodules are rarely, if ever, separated and used as roadbed ag
gregate. Where pits encounter parent bedrock, it is often avoided or discarded in favor 
of the less-resistant but more popular laterite horizons. 

6. The conditions that favor laterite formation in Thailand are {a) parent soils or 
rock with at least one to two percent of iron or alumina-rich minerals; {b) good per
meability and ample cyclic movement of soil water, both vertically and horizontally 
(no laterite pits were found on the impermeable, wet Bangkok plain); {c) possibility for 
deep (10-20 meter) soil leaching, (i.e., deep, permanent groundwater table); {d) high 
oxygen content in percolating water; and {e) acidic (low pH) soil and water conditions 
(the highest nodule abrasion resistance, corresponding to low rattler losses, was ob
tained in soils with the lowest pH values). 

7. The hardness of laterite nodules may be increased by excavating, spreading, and 
aging the nodules in the presence of ample oxygen; alternate wetting and drying cycles 
appear to carry the oxygen deeper into the nodules and further accelerate induration. 

8. It appears that laterites and lateritic soils can be treated as any other aggregate 
material used in road construction with the establishment of appropriate strength and 
durability criteria for these materials as subbase, base, or temporary surfacing layers. 
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