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Proposed Specifications of Soil 
Aggregates for L1ow-Volume Roads 
TEERACHARTI RUENKRAIRERGSA 

Lateritic soils are extensive in Thailand, and have been 
employed as highway materials for many decades. Test results 
on selected lateritic soils tend to reflect _that lateritic gravel in 
Thailand is durable as a base course for low- and 1nedium
volu1ne roads. However, the results of an Atterberg limits test 
showed that both the LL and PI of most lateritic soils in 
Thailand are higher than the adopted criteria. In order to more 
efficiently employ local materials for low- to medium-volume 
road construction, modifications of the present specifications 
are necessary. On the basis of the results obtained in this 
investigation, values of LAA, LL, Pl, and the percent passing a 
No. 200 sieve are proposed as changes to be able to use the soil 
aggregates in Thailand as a base and subbase for low- and 
medium-volume roads. 

Northeast Thailand occupies about one-third of the total area 
of the kingdom, and this region is physiographically called the 
Kh o rat Plateau or the Northeast Plateau because of its 
re la tively nat, elevated plain . A ra ther complex road system was 
built to link cities, di stricts. villages, a nd other populated areas 
to induce economic growth a nd to develop communities in this 
regi o n. The most availa ble loca l materia ls in this a rea are 
la teritic soils, gra vel, and silt y sa nd . Some rock sources are also 

Materials and Research Divisio n, Depa rtment of Highways, Phyatha i 
Sri Ayudhya Road, Bangk o k 10400 T ha ila nd. 

available in the southernmost a nd westernmost pa rts of the 
Kh o rat Plateau , which border other physiographic regions. As 
a consequence, problems are encountered in road construction 
a nd maintenance in some par ts of the Khorat Plateau, especia lly 
in the north, with rock defici ency for pavement constructi on. 
T he hauling distance from the rock quarries to some projects 
could be as far as 150 to 200 kilometers. The proba ble rock 
sources in this region a re shown in F igure I. 

The other factor to be co nsid ered in pavement des ign in 
T ha ila nd is overloaded tru cks. Most trucks tha t ca rry the 
co nstruction ma teria ls, especia lly the rock products, a re over
loaded. It was found fro m ra nd om spot checks tha t most 10-
wheel trucks (three ax les) that ca rry the construction mat eria ls 
have a gross weight in the range of 300 to 400 kN, whereas the 
legal load limit is o nl y 2 10 kN. T hese overloaded trucks tend to 
destroy the pavement structure along all the road s they pass. 
T herefore, once the Thailand Department of High ways 
constructs a new road, so me sections of the existing ones will 
a lready be deteriorated as a res ult of overloaded trucks th at 
ha ul the construction ma teria ls. Because the traffic volum e on 
the roads in thi s region is generally low to medium , empl oy ing 
inferior local ma teri a ls in road co nstruction tend s to so lve th is 
problem. Ho weve r, the present material specifica ti ons ado pted 
by the Thaila nd Depa rtment of Highways are simila r to those 
reco mmend ed by AAS HT O; in fact, AASHTO specifica tio ns 
a re suitable for high-sta nd a rd roads . In order to ma ke more 
effective use to be made of loca l materials for the construction 
of low- and medium-volume road s, new specifications fo r local 
materials must first be es ta blished. 
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FIG lJR E I Map showing sources of some lateritic soils in northeast Thailand. 

Because laterites and lateritic soils have been used in road 
construction and maintenance in Thailand for a long time, the 
Thailand Department of Highways set up a research project to 
study their properties and stabilization. It is expected that the 
results of the investigation will enable more effective use to be 
made of lateritic soils and other types of soil aggregates in road 
construction. In this stage of the investigation, modified 
specifications of lateritic soils and other soil aggregates are 
proposed for use as base and subbase courses for low- and 
medium-volume roads. 

The proposed criteria were derived from an interpolation of 
the test results on some mechanical properties of 64 lateritic soil 
samples from this region, associated with the currently employed 
AAS HTO specifications. They were also derived from the 
performance evaluation of some existing roads that were 
constructed by use of local soil aggregates as base and subbase 
materials. It is expected that the proposed specifications will 
make more efficient use of local soil aggregates for substandard 
road construction. 

REVIEW OF ENGINEERING CRITERIA FOR 
LATERITIC SOIL IN ROAD CONSTRUCTION 

De Graft-Johnson et al. stated, on the basis of their works in 
Ghana, that lateritic soils are extremely variable in physical and 

chemical characteristics (1). They naturally exhibit widely 
differing behavior in pavements. Subsequently, a large number 
of failures in pavements have resulted from the indiscriminate 
use of laterites and lateritic soils without a full understanding 
and appreciation of their limitations. 

Specifications for the use of laterites and lateritic soils were 
developed by various highway organizations to assist pavement 
engineers in avoiding costly failures. Some of the ·criteria of 
these specifications are as follows: 

AASHTO Crileriafor Base and Subbase Courses (2) 

Los Angeles abrasion Joss 
Percent passing No. 200 sieve 
Liquid limit 
Plasticity index 

< 50 percent 
)> 67 percent passing No. 40 sieve 
)> 25 
)> 6 

AAS HTO recommendations for the grain size distribution of 
soil aggregates for base and subbase courses are shown in 
Table I. All AAS HTO criteria were adopted by the Thailand 
Department of Highways for controlling the quality of materials 
for high-standard highways. 

Unified Soil Classification S.rstem.for Base Cour.fe (3) 

Percent passing No. 200 sieve 
Liquid limit 
Plasticity index 

)> 15 
)> 25 
)> 5 
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TABLE I GRAIN SIZE DISTRIBUTIONS OF SOIL AGGREGATES FOR BASE AND 
SUBBASE COURSES AS SPECIFIED BY AASHTO AND ADOPTED BY THE THAILAND 
DEPARTMENT OF HIGHWAYS (2, 4) 

Percent 

Sieve Size 

Grade Grade 

A B 

2" (50.0 mm) 100 100 

l" (25.0 mm) - 75-95 

3/8" (9.5 mm) 30-65 40-75 

No.4 (4.75 mm) 25-'J':l 30-60 

No. 10 (2.00 mm) 15-40 20-45 

No.liO (0.425 mm) 8-20 15-30 

No.200 (0.075 mm) 2-8 5-20 

Grain size distributions of the soil aggregates for a base 
course suggested by the U.S. Army Corps of Engineers are 
sbown in Table 2. Unified Soil Classification Systen1 specifica
tions for subbase and selected materials are shown in Table 3. 

Jlwiland Depar1me111 of' Highways Specifications for Base Course (4) 

Liquid limil 
l'laslicity index 
Los Angeles abrasion loss 
Soaked CBR (laboratory) 

J> 25 
J> 6 
J> 40 percent 
<t 80 

Grain si1.e distributions of the soil aggregates for a base course 
arc similar to those in Table I, except the Grade F aggregate is 
not employed for a base course by the Thailand Department of 
Highways. 

Thailand Depar1me111 of Hig/Jll'ars Specificalions f'or Suhhase 
Course 

Liquid limit 
l'lasticily index 
Los Angeles abrasion loss 
Soaked CBR (laboratory) 

J> 35 
J> II 
J> 60 percent 
<t 25 or 30 

Grain size distributions of the soil aggregates for a subbase 
course are shown in Table 4. 

lt can be seen that both the grain size distributions and 
i\tterbcrg's limits values adopted by the Thailand Department 
of Highways are identical to those of AAS HTO (2). The criteria 
or both organi1.ations are suitable for the crushed rocks that are 
used in high-standard road construction. 

Ghana Building and Road Research Institute 

The Building and Road Research Institute (BRR!) of Ghana 
adopted a CBR as a parameter for the design of pavement 

Passing by Weight, % 

Grade Grade Grade Grade 

c D E F 

- - - -

100 100 100 100 

50-85 60-100 - -

35-65 50-85 55-100 70-100 

25-50 40-70 40-100 55-100 

15-30 25-45 20-50 30-70 

5-15 5-20 6-20 8-25 

structures for roads and airfields (5). Criteria and grain stze 
distributions of soil aggregates for base and subbase courses are 
~how·n in Tables 5 and 6, respecti vely. 

Brazilian National Highway Department (6, 7) 

The Brazilian National Highway Department (ONER) adopted 
a CBR as a design parameter for pavement structure. The 
ONER criteria for base courses are shown in the following 
table. The ONER criteria for sub base courses are a CBR greater 
than or equal to 20 percent, and a swell from the CBR test of less 
than 0.2 percent. 

Crileria 

California Bearing Ratio(%) 
Liquid limit 
Plasticity index 
Los Angeles abrasion loss(';;,) 
Swell rrom CBR test ('Ir) 

Traffic Classificalion 
Heai•y Light 

:::0-80 
J>35 
J>IO 
<65 
<0.2 

260 
]>40 
J>l 2 
<65 
<0.2 

Grain size distributions of soil aggregates for base courses of 
the DNER are identical to those of AASHTO, as shown in 
Table I, except the Grades E and F soil aggregates are not 
employed by the ONER (2). 

METHODS OF INVESTIGATION 

Experimental work was conducted on lateritic soil samples 
from northeast Thailand. The samples of lateritic soils were 
taken from both the soil profile and the stockpile of the soil 
mixes. Each sample was air-dried separately before testing. ln 
order to gain the probable trend of properties oflateritic soils in 
the Northeast Plateau, 64 samples taken from 13 provinces were 
subjected to detailed laboratory investigation. The sources of 
the samples are shown in Figure I. Some of the test methods are 
listed in Table 7. 
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TABLE 2 GRAIN SIZE DISTRIBUTIONS OF SOIL AGGREGATES FOR BASE COURSES AS 
SPECIFIED BY THE U.S. ARMY CORPS OF ENGINEERS (J) 

Percent Passing by Weight, % 

Maximum Size of Aggregates, in. 

3" 2" 1 1 /2" 1" Sand-Clay 

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

3" (75.0 mm) 100 - - - -

2" (50.0 mm) 65-100 100 - - -

1 1 /2" (37.5 mm) - 70-100 100 - -

1" (25.0 mm) 45-75 55-85 75-100 100 100 

3/4" ( 19.0 mm) - 50-80 60-90 70-100 -

3/8" (9.5 mm) 30-60 30-60 45-75 50-80 -
No.4 (4.75 mm) 25-50 20-50 30-60 35-65 -

No.10 (2.00 mm) 20-40 15-40 20-50 20-50 65-90 

No. 40 (0.425 mm) 10-25 5-25 10-30 15-30 30-70 

No.200(0.075 mm) 3-10 0-10 5-15 5-15 8-15 

TABLE 3 SPECIFICATIONS FOR SUBBASE AND SELECTED MATERIALS AS SPECIFIED 
BY THE U.S. ARMY CORPS OF ENGINEERS (J) 

Designed 
Materials 

CBR 

Sub base I 50 

Subbase II 40 

Sub base III 30 

Selected 20 

Materials 

DURABILITY OF LATERITIC SOILS IN THE 
NORTHEAST PLATEAU 

% Passing 

No.10 Sieve 

(max.) 

50 

80 

100 

-

The durability of lateritic soils is reflected by their aggregate 
impact value (AIY), aggregate crushing value (ACY), Los 
Angeles abrasion (LAA), slake durability (ID), or California 
durability (D). Other properties that indicate durable ag
gregates are water absorption and specific gravity. The prop
erties of lateritic soil samples are summarized in Table 8 and 
discussed in the following sections. 

% P3.ssing Atterberg's Limits 

No.200 Sievf 
LL PI 

(max.) 

15 25 5 

15 25 5 

15 25 5 

- 35 12 

INTERRELATIONSHIP BETWEEN AIV, ACY, AND LAA 

The relationship between the AIY and ACY of the A-2-4, A-2-6, 
and A-2-7 soils is shown in Figure 2. The relationship is good 
with a relatively high coefficient of determination (R 2), the 
value of which is higher than 81 for all three soil groups. This 
result indicates that ACY tends to increase linearly with AIY for 
Thailand lateritic soils, and their values are only slightly 
different. 



TABLE 4 GRAIN SIZE DISTRIBUTIONS OF SOIL AGGREGATES FOR BASE COURSES AS 
ADOPTED BY THE THAILAND DEPARTMENT OF HIGHWAYS (4) 

Percent Passing by Weight, % 

Sieve Size 

Grade Grade Grade Grade Grade 

A B c D E 

2" (50.0 mm) 100 100 - - -
1" (25.0 mm) - - 100 100 100 

3/8" (9.5 mm) 30-65 40-75 50-85 60-100 -

No. 10 (2.00 mm ) 15-40 20-45 25-50 40-70 40- iOO 

No. 40 (0.425 mm) 8-20 15-30 15-30 25-45 20-50 

No.200 (0.075 mm) 2-8 5-20 5-15 5-20 6-20 

TABLE 5 CRITERIA AND GRAIN SIZE DISTRIBUTIONS OF SOIL AGGREGATE BASE 
FOR ROAD CONSTRUCTION IN GHANA (5) 

Classification Level 

Criteria 

Class I Class II Class III 

Aggregate Crushing Value, % 35 35-40 40-50 

(PI) x (% Passing No.200) 200 max. i.oo max. 600 max. 

(LL) x (% Passing No.200) 600 max. 900 max. 1250 max . 

CBR, ,, 100 min. 70 min. 50 min. 
" 

Pe!'""'Ce!'l t Pe.ssir'lg by We ight, % 
Sieve Size 

Class I Class II Class III 

2" (50.0 mm) 100 100 100 

1 1 /2" (37.5 mm) 82-100 82-100 90-100 

3/4" ( 19.0 mm) 51-100 51-100 69-100 

318" ( 9. 5 mm) 30-90 30-90 47-75 

No.4 (4.75 mm) 19-7.3 19-73 36-59 

No.8 (2.00 mm) 8-51 8-51 24-43 

No.30 (0.425 mm) 4-31 4-13 20-35 

No.200 (0.075 mm) 0-15 0-15 15-25 
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TABLE 6 CRITERIA AND GRAIN SIZE DISTRIBUTIONS OF SOIL AGGREGATE SUBBASE 
FOR ROAD CONSTRUCTION IN GHANA (5) 

AASHO Classification CBR 

A-1-a to A-6 

Sieve Size 

2" (50.0 mm) 

1 1 / 2" ( 37. 5 mm) 

3/4" ( 19.0 mm) 

3/ 8" (9.5 mm) 

No.4 (4.75 mm) 

No.8 (2.00 mm) 

No.30 (0.425 mm) 

No.200 (0.075 mm) 

Both the AIY and ACY are also found to have a linear 
relationship to the LAA as shown in Figures 3 and 4, re
spectively. The coefficient of determination (R2) of the re
lationship between A I Y and LAA is relatively high compared to 
that of ACY and LAA. Although the AlV, ACV, and LAA are 
parameters that indicate the strength and durability of coarse 
aggregates, the test methods differ, particularly for the LAA. It 
is believed that new criteria that reflect the durability of the 
coarse aggregates could be drawn on the basis of the inter
relationships shown in Figures 2, 3, and 4. 

It can be stated from a comparison of the values of AIY, 
LAA, WA, and G of lateritic soils to the criteria of Bhatia and 
Hammond (Table 9) that the lateritic gravel in northeast 
Thailand is hard and durable, and can be used as a local 
material for road construction in this region (8). 

PLASTICITY 

According to the specifications of the Thailand Department of 
Highways, soil aggregates for a base course must have values of 
LL and Pl not higher than 25 and 6, respectively. The LL and Pl 
values for a subbase must be no higher than 35 and 11, 
respectively (4). 

In this investigation, the test results indicated that Thailand 
lateritic soils have a high plastic property. Their LL values vary 
in the range of 21.8 to 69 .2 with an average of 37.4. Their Pl 
values also vary in the wide range of 3.9 to 28.2 with an average 
of 15.4. The values of LL and Pl are lowest for the A-2-4 soil, 

20 

Maximum Values 

PI LL 
% Passing 

No.200 

25 40 40 

Percent Passing by Weight, % 

-
100 

85-100 

70-95 

55-76 

40-75 

34-48 

25-li2 

and highest for the A-2-7 soil. When the relatively high 
plasticity of lateritic soil samples is considered, most of them 
could not be employed as a base or subbase in Thailand 
according to the criteria of the Thailand Department of 
Highways (4). The results of the mechanical tests showed that 
most lateritic soils have hard and durable grains that are 
suitable for use in a base course. However, the high plasticity of 
most lateritic soils seems to be a major obstacle to their practical 
use in road construction. 

In order to make more efficient use of lateritic soils in road 
construction, their plasticity must be reduced. This could be 
accomplished by a careful program of excavating and mixing 
lateritic soils in the borrow pit and trying to avoid mixing the 
lower plastic materials with the good ones in the upper profile. 
The plastic topsoil must also be removed during the initial stage 
of the excavation. If necessary, the plasticity of lateritic soil 
could be lowered by mixing it with sand from nearby sources. 
The mixing could be done either in the lateritic soil pit or on the 
road. 

M uktabhant and Ongskul studied the effects of mixing sand 
with Thailand lateritic soils (9). They found that both the LL 
and Pl decreased linearly with an increase in percentage of 
sand, as shown in Figure 5. According to their results, the CBR 
of a lateritic soil/ sand mixture increases with the amount of 
sand added to a maximum value; it then decreases when more 
sand is added. The optimum percentage of sand for a maximum 
CBR is 40 to 60. At these contents of sand, both the LL and Pl 
tend to decrease about 40 to 60 percent or more from the 
original value. For the field work, it is important to make a 
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TABLE 7 TEST METHODS OF LATERITIC SOIL SAMPLES 

Properties 

Aggregate Impact Value (AIV) 

Aggregate Crushing Value (ACV) 

L0 s An5eles Abrasion (LAA) 

S l ake Durability (ID) 

Coarse Durability (Dc) 

Fine Durability (Df) 

Specific Gravity (G) 

~ater ~bsorption (nA) 

Test Methods 

BS 812-1967 

Bs812-1967 

ASTM c 131-69 

I SRM 

CALIF 229-C 

CA;:,IF 229 - C 

AST~·1 D854-58 ( 197 2) 

ASTM C127-77 

TABLE 8 AVERAGE VALUES OF SELECTED PROPERTIES OF 
LATERITIC SOILS 

Properties Value 

Aggregate Impact v.alue (.UV), % 38.8 

Aggregate Crushing Value (ACV), cl 
/0 38.8 

Los Angeles Abrasion Loss (LAA) , % 3(). 2 

.Vater Absorption (!/A)' % 5.9 

Specific Gravity-Coarse Fraction 3. 11 

Specific G ravi ty-F ine Fraction 2.98 

uniform mixture to ensure that the properties of the lateritic 
soil-sand mixture meet the required criteria. Mixing in the pit is 
strongly recommended if the mixture is to be used for a base 

course . 

SUITABILITY INDEX 

According to a study by De Graft-Johnson et al., a parameter 
known as the suitability index (SI) was used to assess the CBR 
of compacted lateritic soils (/). This index is based on the 
percentage of coarse fraction in a soil and the LL and Pl values 
of its fines. The index was defined as follows: 

SJ = 
Percent larger than 2 mm size (I) 

U, log (Pl) 

Their results indicated that the SI was a useful parameter for 
assessing the strength characteristics of samples collected from 
the same climatic and geological areas. From a study on the 

field behavior of lateritic soils in Ghana roads, De Graft
Johnson et al. found that lateritic soils that are suitable for use 
as a base course should have an SI value in a range of 2. 1 to 4.0 . 
Those soils that have an SI lower than 2.1 should be stabilized 
with cement or lime for use as a base course, The SI versus 
soaked CBR relationship of these soils is shown in Figure 6. 
The soaked CBR can be calculated from the following 
relationship: 

CBR 
R2 

= (35 SI - 8) 
= 0.61 

(2) 

Lateritic soils from northeast Thailand have an SI in the range 
of 0.68 to 6.15 with an average of 2.00. ·After classifying the 
lateritic soil samples according to the AASHTO system, the SI 
will be in the range of 2.28 to 6. 15, 1.32 to 2.69, and 0.68 to 1.62 
for the A-2-4, A-2-6, and A-2-7 soils, respectively. The SI is 
highest for the A-2-4 soil, and is lowest for the A-2-7 soil. All 
A-2-4 samples have an SI higher than 2.1, and can therefore be 
employed as a base course. However, all A-2-7 samples have an 
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SI lower than 2. 1; they therefore cannot be used for this 
purpose. For low-quality Thailand lateritic soils such as those 
with an SI lower than 2.1, Vallerga et al. suggested the use of 
cement stabilization to improve their properties for use as a 
base course (/0) . In this study, SI tends to have a linear 
relationship wit h LL and Pl for all soil groups, as shown in 
Figures 7 and 8, respectively. 

THAILAND LATERITIC SOILS AS HIGHWAY 
MATERIALS 

According to the requirements of materials for road construc
tion, soil aggregates for base and subbase courses must have 
hard and durable grains, possess some plasticity, and have an 
adequate bearing value to support the traffic load. It can easily 
be seen that the properties of hardness and durability belong to 
a coarse fraction, whereas the property of plasticity belongs to a 
fine fraction. The property of a high bearing value is a combined 
effect of both the coarse and fine fractions of the soil mass. 
Therefore, when considering the use of Thailand lateritic soils 
in road construction, the durability of the coarse grains, the 
plasticity of the fine grains, and the bearing value of the soil 
mass composed of both fractions must all be accounted for. 

Strength and Durability 

The pa rameters that refl ect the strength and durability or the 
coarse grains of lateritic soil, as discussed previously, arc the 
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TABLE 9 CRITERIA OF SOME AGGREGATE PROPERTIES (8) 

Specific Water Abso rption 
Gravity (%) 

> 2.85 < 4 
2.85-2. 75 4-6 
2. 75-2.58 6-8 
< 2.58 > 8 

*' 
I-z .... 
I-z 
0 
0 

a:: .... 
!;i 
3il 20 

10 

PERCENT SAND IN THE MIXTURE , % 
FIG lJ R E 5 Variation ofliquid li1nit, plastic limit, and plas ticity index 
with percentage of sand in the mixture that passes no. 40 sieve (9). 
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FIGURE 7 Relationship between LL and SI. 

AIY, ACY, and LAA. The Thailand Department of Highways 
adopted an LAA value no higher tha n 40 as a criterion for base 
courses. After investigating the relationship between AIV, 
ACY, and LAA, as shown in Figures 2, 3, and 4, it was shown 
th a t when the LAA equals 40, the corresponding average values 
of AIY and ACY are 44 and 47 , respectively . 

It can be seen from an observation of the average AIY, ACY, 
and LAA that most lateritic soils in Thailand have durable 
grains that are suitable for use as a base course for medium- to 
high-volume roads. However, in Thailand , the recommended 
crite rion is that the LAA, AIY, a nd ACY should each be no 
higher than 50. Other soil aggregates with an LAA value no 
higher than 50 also tend to be dura ble in the environmental 
conditions of Thailand. This recommendation is substantiated 
by the AAS HTO criteria, as was previously shown (2). Evidence 
indicates that soil aggregates with an LAA value no higher than 
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50 could be used in the base course of low- to medium-volume 
roads in Thailand. All roads are still in good condition after 
having been. subjected to traffic for many years. 

Suitability Index and Soaked CBR 

Research on lateritic soils in Ghana by De Graft-Johnson et al. 
has shown that the suitability index has a significant relationship 
with ·oaked CBR, as show[l in Figure 6 and Equation 2 (/). 
The SI generally decreases as the quality of lateritic soils 
deteriorates. Employing the minimum CBR of 80 and 25 for 
base and sub base courses, respectively, as is generally adopted 
by the Thailand Department of Highways, the corresponding 
SI will be 2.5 and 0.94. respectively, following Equation 2. The 
SI of 2.5 is slightly different from the value of 2.1 for a base 
course that was suggested by De Graft-Johnson et al. (/). 

Because ma ny heavy buses and trucks pass along the 
highways, a higher SI should be adopted in Thailand. An SI of 
2.5 or higher should be adopted for roads with high traffic 
volumes. However, if the traffic volume is low to medium, the 
minimum SI should be reduced to 2. 1, as recommended by De 
Graft-Johnson et al. (1). The corresponding CBR value for an 
SI of 2.1 is 60. The soaked CBR of lateritic soils in northeast 
Thailand is generally in the range of 40 to 60. These soils were 
found to be satisfactory for use as a base course in low- to 
medium-volume roads, as shown in Table 10. It can therefore 

TABLE 10 SELECTED HIGHWAYS IN NORTHEAST THAILAND THAT USE SOIL AGGREGATES AS A BASE COURSE 

Length A.D'r Open to Pavement Structure 

No. R()ute (Standard) Traffic Soil A.ggreBates 
Remarks 

(Km.) Vpd. since Surface 
13ase Sub base 

1 Udorn-Nongkhai ( p 1 60 1500-2000 1964 DST 230 mm. 300 mm. -
CBR :z 80 CilR 7 30 -

2 Ma~jakeeree-Chong 17 200 1975 DST 200 mm. 200 mm. -
Sam Mor (F2) CBR ";;> Bo CBH z 15 -

3 Ban Lard-Chong 34 300 1978 DST 200 mm. 200 mm. LAA of base 

Sam Mor (F4) CBR z 80 CBR ')' 15 is 40-50 

4 Bung Karn-Ta 140 320 1974-79 DS T 200 mm. 350 mm. LAi, of base 

Dok Kaew (S3) CBR ";;> 40 CBR z 15 is 40-50 

5 Si ChiangMai-!luai 68 650 1979 DST 200 mm. 200 mm. LAA of base 

Hi an (F4) CBH "7 - 80 CBR 2. 15 is 40-50 

6 Nong Hing-Seka 47 208 1981 DST 200 mm. 200 mm. LAA of base 

-Lao Luang (F 4 ) CBH 7 - 40 CllR 2:. 15 is 40-55 

100% comp. 

7 Kranuan-Yang Ta lad 27 - 1980 DST 200 mm. 200 mm. LA.A of base 

(F4) C Br< "7 40 CBR 2 15 is 45-50 

100% comp. 
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be stated that these soil aggregates for a base course for low- and 

medium-volume roads in Thailand should have ;;oaked CBR 
values no lower than 40 and 60, respectively. 

The soaked CBR values of soil aggregates for a subbase of 

low- and medium-volume roads should be no lower than I 5 and 
20, respectively. 

Plasticity 

According to the plasticity criteria of the Thailand Department 

or Highways, aggregates for base courses should have LL and 
Pl values no higher than 25 and 6, respectively (4). These values 

are similar to those adopted by AASHTO in the United States, 

as was previously stated (2). The present criteria tend to limit 

the use of lateritic soils and other soil aggregates as a road base 

in Thailand. However, after investigating the results of the 

rresent study in Figures 7 and 8, lateritic soils with an Sl of2.5 
will have an LL in the range of24 to 32 with an average value of 

28 and a Pl in a range of9 to 11 with an average value of 10. This 

means that, following the SI criterion of2 .5, latcritic soils with 

an LL no higher than 28 and a Pl no higher than IO could be 

employed as a base course for low- and medium-volume roads. 
These proposed limiting values are slightly higher than those 

presently adopted by the Th<til~nct 11epartment or Highways. 

However, in order to be able to use local soil aggregates in road 

construction, modifications of the original criteria are 

necessary. 
The proposed modifications tend to be substantiated by the 

criteria of other highway departments (5-7). In case of the 

sub base, the values of SI are in the range of 1.5 to 2.0. The 

corresponding LL and Pl values determined from Figures 7 
and 8 are in the range of 36 to 40 and 13 to I 8, respectively. The 

average values of .LL and Pl for a lateritic soil subbase are 
therefore 38 and I 5, respectively. In conclusion, the values of 

LL and Pl are modified from the original values as summarized 

below. 

Base Course 

LL J> 
Pl J> 

28 (originally LL J> 25) 

10 (originally Pl J> 6) 

Suhbase Course 

LL J> 
Pl J> 

38 (originally LL J> 35) 

15 (originally Pl J> 11) 

Percent Passing No. 200 Sieve 

Lyon Associates, Inc., reported from their research on African 

lateritic soils that the Ghana Building and Road Research 
Institute (BRR!) adopted the product of Pl and the percent 

passing a No. 200 sieve as a criterion of soil aggregates instead 

of Pl alone (5). This adoption tends to compensate for the 

ineffectiveness ofnonplastic fines in the soil aggregates, such as 

fine silt and fine sand. The product is 600 and 400 for soil 
aggregates that are used as a base course for low- and medium

volumc roads, respectively. If the percent passing the No. 200 

sieve is 25, then the Pl or the soil aggregate base for low- and 
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medium-volume roads is 24 and 16, respectively. These Pl 
values are considerably higher than those suggested for 
modifications in the previous section. 

The test results of Jateritic soils in Thailand indicate that most 

of them have a percent passing a No. 200 sieve that is higher 

than 20, which is a limiting value for soil aggregates that arc 

used as a base and sub base in Thailand. According to the 
specifications of the BR RI, the percent passing a No. 200 sieve 

for base course materials of low-volume roads is allowed to be 

25 (5). In addition, the U.S. Army Corps of Engineers also 

allowed this parameter to be as high as 25 (J). For the sake of 
employing lateritic soils and other soil aggregate-type materials 

in low- and medium-volume roads efficiently, it is strongly 

recommended that the limiting value of a percent passing a No. 

200 sieve in the original Thailand Department of Highways 
specification should be changed from 20 to 25. 

Clay Mineralogy 

The results of X-ray diffraction analyses of the fine fractions of 

lateritic soils showed that the major clay minerals in Thailand 
lateritic soils are kaolinite and illite. In addition, some clay 

minerals like montmorillonite, vermiculite, chlorite, geothite, 

and quartz were found in many samples. Morin and Parry 

reported from their investigation on Ghana lateritic soil that the 

predominant clay mineral was kaolinite, with an occasional 

accessory of montmoriiionite. Because kaoiinite is a finai slagc 
of chemical weathering in lateritic soil, and both Thailand and 

Ghana are in tropical regions, it is believed that the engineering 

properties oflateritic soils from both countries are comparable. 

Proposed Revised Specifications of the Thailand Department 
of Highways 

Based on the results of the discussions on durability, bearing 

value, plasticity, and percent passing a No. 200 sieve oflateritic 

soils, the proposed revised specifications of the Thailand 

Department of Highways could be drafted as shown in 
Tables I I and 12. 

A number of highways in the Northeast Plateau were 

constructed with soil aggregates as a base course, and some of 
them are shown in Table 10. 

CONCLUSIONS AND RECOMMENDATIONS 

• The aggregate impact value, aggregate crushing value, 

and Los Angeles abrasion value are the mechanical properties 

of a lateritic soil that reflect its durability, and they tend to have 
a linear relationship between each other. 

• The particles of most Thailand lateritic soils have an A IV, 
ACY and LAA value low enough to be employed as a base 

course for low- and medium-volume roads. Some sources might 

have other suitable prorerties, in addition to the durability 

parameter, and could be used as a base course for high-volume 
roads. 

• Thailand lateritic soils have an average value of water 

absorption of about 6, which is considered to be low. They 
therefore do no! have a tendency to be slaked as a result of water 
absorption. 
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TABLE II PROPOSED SPECIFICATIONS OF SOIL AGGREGATES USED AS A BASE 
COURSE FOR LOW- AND MEDIUM-VOLUME ROADS (ADT 1> 1000 VPD) 

Percent Passing, % 

Sieve Size 

2" (50.0 :nm) 

1" ( 25.0 mm) 

3/811 ( 9.5 mm) 

No.10 (2.00 mm) 

No.40 (0.425 mm) 

No.200 (0.075 mm) 

Liquid Limit J> 28 
Plasticity Index]> 10 
Soaked CBR <[ 40 (low volume) 
Soaked CBR <[ 60 (medium vol ume) 
Los Angeles Abrasion J> 50 

Grade 

A 

100 

-

30-65 

15-40 

8-20 

2-10 

Grade Grade 'i Grade 

B c D 

100 - -
- 100 100 

40-75 50-85 60-100 

20-45 25-50 40-70 

15-30 15-30 25-45 

5-25 5-18 5-25 

TABLE 12 PROPOSED SPECIFICATIONS OF SOit AGGREGATES USED AS A SUBBASE 
COURSE FOR LOW- AND MEDIUM-VOLUME ROADS (ADT 1> 1000 VPD) 

Sieve Size 

2" (50.0 mm) 

1" (25.0 mm) 

3/8 11 (9.5 mm) 

No.10 (2.00 mm) 

No.40 (0.425 mm) 

No.200 (0.075 mm) 

Liq uid Limit J> JH 
Plasticity Index J> 15 
Soaked CB R <[ 15 (low volume) 
Soaked CBR <[ 20 (med iu m volume) 
Los Angeles Abrasion J> 60 

Grade 

A 

100 

-
30-65 

15-40 

8-20 

2-10 

• Thailand Jateritic soils have a relatively high specific 
gravity of about 3.0 . The specific gravity of the coarse-grained 
fractions is slightly higher than that of the fine grains. 

• Both the LL and Pl of lateritic soils in this study are 
mostly higher than the criteria of the Thailand Department of 

Percent Passing, % 

Grade Grade Grade Grade 

B c D E 

100 - - -
- 100 100 100 

40-75 50-85 60-100 -
20-45 25-50 40-70 40-100 

15-30 1°5-30 25-45 20-50 

5-25 5-18 5-25 6-25 

Highways. It is therefore recommended that the present LL and 
Pl criteria be modified by introducing the concept of the 
suitability index as adopted by the Ghana Building and Road 
Research Institute. It is hoped that this modification will not 
greatly affect the hearing value of the compacted lateritic soil. 
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• Kaolinite is a predominant clay mineral in Thailand and 
Ghana lateritic soil. 

• Thailand lateritic soils are mostly found in the form nf a 
well-graded, granulated soil. Test results showed that they 
could be classified as G W, GP, and SW, following the Unified 
Soil Classification System. 

• The suitability index of Thailand lateritic soils is relatively 
low, with an average of 2.0. Most lateritic soils in Thailand 
could be used as a subbase, but only minor parts could be 
employed in a base course. 

• The traffic volume should be considered when lateritic 
soils are used as a base course, following the suitability index 
concept. The relatively low SI aggregate that is locally available 
might be adequate for the prevailing conditions. 

• In co11clt"ion , most Thailand lateritic soils could be used 
as a base course for low- and medium-volume roads, and as a 
subbase for high-volume roads, particularly in northeast 
Thailand. 
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