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The Implementation of Appropriate 
Technology in the Design of Light Pavement 
Structures 
A. T. VISSER AND T. VAN NIEKERK 

Many unpaved roads in developing areas carry light traffic 
volumes of less than 400 vehicles per day. Paving these roads 
according to normal designs and with traditional materials is 
not economically justified. Lighter pavement structures that 
result in lower construction costs are consequently used. Local 
materials are used in the construction of lighter pavement 
structures. For example, available natural materials that do not 
necessarily meet traditional specifications are used in the 
pavement layers, which may only consist of a sub base, base, and 
surface seal. This approach has had wide-ranging success in 
southern Africa. In the drier parts of the country, which are 
identified by a Weinert N-value of greater than 5, calcretes with 
relaxed California Bearing Ratio, plasticity index, grading 
requirements, and aggregate strength requirements have 
performed well in two-layer pavements. Dolerite natural gravels 
that comply with traditional specifications have performed well 
in this area, but they performed unsatisfactorily when they 
complied with traditional specifications in the wet area, in 
which the N-value was less than 5. Tillites also perform 
acceptably when certain requirements are relaxed. It is therefore 
evident that the interaction of material type and climate plays 
an important role, and the relaxation of material requirements 
should only be considered in cases in which sufficient evidence 
of adequate performance exists. Factors such as construction 
quality control, control of overloading, and particularly main
tenance are beyond the control of the designer, but could have 
important repercussions on the performance of lighter pavement 
structures. In developing areas in which road authorities may 
not be able to handle the maintenance work load generated by 
lighter pavements, or may not be in a position to handle local 
reconstruction, lighter pavement structures may nut be a 
feasible solution. Funding agencies could, however, play an 
important role in minimizing the total costs incurred by the 
authority and road users by including funds for periodic and 
special maintenance in a loan agreement. 

The view is often expressed that to stimulate agriculture, 
industry, and tourism, a high priority should be given to the 
development of a good , paved road network that provides 
access to all the corners of a country or region. Although South 
Africa has a well-developed, paved rural road network of about 
49 800 km, 134 000 km, or 73 percent of the network, is 
unpaved (J). These unpaved roads have certain inherent 
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problems; road users dislike the dust, the riding quality is often 
poor, problematic materials can render the roads impassable, 
and regular regravelling depletes scarce natural resources. In 
addition to these problems, the annual expenditure on the 
unpaved network is the same as that on the paved network, 
although about 95 percent of the unpaved network carries less 
than 200 vehicles per day (vpd). The inherent problems of the 
unpaved roads would be overcome if they were paved . However, 
because these roads carry relatively low traffic volumes, 
traditional pavement designs cannot be economically justified 
(2). Consequently, lighter pavement structures are often used to 
justify paving. 

Lighter pavement structures may have layers that are less 
thick than those used in traditional designs, materials with 
qualities that are outside normal specifications, unconventional 
surfacing types, or a combination thereof. The use of lighter 
structures also implies that local materials will be made use of, 
such as natural gravels and soils that have undergone little or no 
processing in the form of crushing or stabilization. The use of 
natural materials instead of the relatively expensive processed 
materials_is considered to be an appropriate technology in 
developing areas. 

When lighter pavement structures are used, it is understood 
that the level of service will be lower than that expected for 
traditional designs. Furthermore, lighter pavement structures 
cost less to construct, which makes their use attractive, but the 
consequences can be grave if· they are used injudiciously. If 
proper care is not taken, an increase in local reconstruction and 
increased maintenance and road user costs are likely to result in 
a total cost that approaches or exceeds that of traditional 
pavement designs. 

Although a number of papers have been written that promote 
the relaxation of specifications applicable to certain materials, 
the exact circumstances under which pavements that contain 
such materials can function are poorly defined. In light of the 
fact that the suggested techniques cannot be generally applied, 
this poses a problem. In South Africa wide experience has been 
gained in the use oflighter pavement structures. The material in 
this paper is intended to update the paper that was presented at 
the Third Conference on Low-Volume Roads, and contains 
guidelines for the use of lighter pavements (3) . A review of the 
available information on the use of lighter pavement structures 
in South Africa is given to compare appropriate designs and 
materials with traditional designs and specifications. Problems 
have been encountered in certain areas with materials that 
comply with traditional specifications. The identification and 
implications of tiJese materials and zones are discussed against 
the background of possible relaxation of material specifications. 
Finally, guidelines for the use of lighter pavement structures in 
developing areas are given. 



VISSER AND VAN NIEKERK 

CLIMATIC CONSIDERATIONS 

The influence of climate on the quality of natural road building 
materials and on the performance of roads is well-known. 
Annual rainfall is typically used as a measure of climate, but the 
moisture index according to Thornthwaite's classification is 
also used in some cases. 

During investigations that were conducted in the early 1960s 
into the durability of weathered basic igneous rocks, Karoo 
dolerite in particular, it was found that neither annual rainfall 
nor Thornthwaite's moisture index could be used to discriminate 
between the areas in which good or poor performance was 
experienced. Weinert found th:i_t the relationship between the 
computed evaporation, E1, during January, the warmest month 
of the year, to the mean annual rainfall , Pa• best discriminated 
the durability of natural road building materials (4-6). 

N = 

The N variable is known as the Weinert N-value. The climatic 
regions of southern Africa are classified according to Weinert 
N-values in Figure l(a), and the Thornthwaite classification is 
given in Figure l(b) to enable comparison between the two. 

The three N-values of 2, 5, and IO are important in road 
construction, but the value of 5 is the most important. The 
principal forms of weathering are decomposition and dis
integration. Decomposition is generally more detrimental in 
regard to the quality and durability of natural road building 
materials. In areas in which N is less than 5, many rocks 
decompose, especially the crystalline types. In areas in which N 
is greater than 5, weathering is by disintegration. Furthermore, 
in an area in which N is less than 5, special treatment of 
subsurface drainage may be warranted. 

CLASSIFICATION OF ROCK TYPES USED IN ROAD 
CONSTRUCTION 

In South Africa rocks are classified according to their road 
construction properties (5). This system facilitates the identi
fication of materials, and obviates the need to differentiate 

L£G£NO 

COD£ 
CLIMATIC 
RE:GrON 

---!--- WET 
2 MOO ---,- ORY 

al MOISTURE REGIONS ACCORDING TO WEINERT N-VALUES 

FIGURE I Climatic regions of southern Africa. 
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between materials within a class, such as between diabase, 
dolerite, gabbro, or norite . Because the road construction 
properties form the basis of this grouping, deviations from the 
traditional generic classification of rocks are unavoidable. The 
classification system is composed of nine groups of rocks as 
follows (5). 

• Basic crystalline rocks (dolerite, andesite, and basalt); 
• Acid crystalline rocks (granite and gneiss); 
• High silica rocks (quartzite, hornfels, and chert); 
• Arenaceous rocks (sandstone and conglomerate); 
• Argillaceous rocks (mudstone, shale, and slate); 
• Carbonate rocks (limestone and dolomite); 
• Diamictites (tillite); 
• Metalliferous rocks (ironstone); and 
• Pedogenic materials (calcrete, laterite, and ferricrete) . 

Each group of materials has a characteristic range of properties 
and problems, and specifications should take this into account. 
The case studies described in the following sections will 
consequently consider materials according to the above clas
sification. 

TRADITIONAL MATERIAL SPECIFICATIONS 

The AASHTO Ml47-65 and the TRH14 are good examples of 
traditional specifications (6) . The essential difference between 
the two specifications is that TRH 14 requires a California 
Bearing Ratio (CBR) test, which makes it more suitable for 
local materials. The TRH 14 specifications for untreated ma
terials that are used in roads that carry up to 0.8 million E80s 
(equivalent 80 kN axle loads) are briefly summarized in 
Table I. The different materials are classified as follows: 

• G2 and G3-graded crushed stone with soil binder, 
• G4 to G6-natural gravel, and 
• G7 to G 10-gravelly soil. 

The feasibility of using materials that do not comply with these 
· traditional specification ranges will also be considered in the 
evaluation of lighter pavement structures. 

bl MOISTURE INDEX 11 m I ACCOROiNG TO THORNTHWAITE s CLASSIFICATION 
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TABLE 1 SUMMARY OF TRH14 SPECIFICATIONS FOR UNTREATED MATERIALS (6) 

Material Classification 

G2 G3 G4 G5 G6 G7 G8 G9 GIO 

Percent passing 0.075 mm sieve 5-12 5-12 5-15 
Liquid limit (maximum) 25 25 25 30 
Plasticity index (maximum) 6 6 6 10 
Percentage of linear shrinkage (maximum) 3 3 3 5 
10% FACT (minimum) (kN) 11ob 
Minimum CBR (%) 
At 98% Mod. AASHTO 80 80 80 
At 95% Mod. AASHTO 45c 
At 93% Mod. AASHTO 25 15 
At in situ density IO 7 3 

a For coarse materials: maximum PI = 3, grading modulus + 10. 
b For calcretes minimum should be 80 kN. Ratio of 10% FACT on material soaked for 24 hours to dry material should be at least 75 percent. 
c In dry areas, N > IO; the soaked CBR should not be less than 25 for roads that carry less than 300 vpd. 

EXPERIENCE WITH LIGHTER PAVEMENT 
STRUCTURES 

Dust Palliafrves 

Dust palliatives are chemical or bituminous agents that are 
mixed into the upper part of a gravel surfacing, or are sprayed 
onto the surface, that penetrate and bind the upper portion of 
the surfacing. The suppliers of dust palliatives provide materials 
for a range of applications, but unfortunately a scant record is 
kept of construction details and performance. These materials 
are often reputed to perform well, but proof of their cost
effectiveness is lacking. The results of two well-documented 
experiments were reported at the Third International Conference 
on Low-Volume Roads, and it was concluded that under the 
conditions evaluated, dust palliatives were not cost-effective 
(3). 

The light pavement structure manual of the Transvaal Roads 
Department indica.ted that better performance was achieved 
when the dust paiiiatives were sprayed onto the surfacing as 
opposed to being mixed into the surfacing (7). It was also 
reported that when dust palliatives are used, the pavement 
materials should have an adequate bearing capacity for the 
expected traffic. The manual also states that although light 
pavements are designed for a given traffic load during the 
design period, experience regarding their performance is insuf
ficient, and these roads should consequently be considered 
experimental sections. This basically reflects the state of the art 
of dust palliatives in South Africa. It is recommended that 
before dust palliative materials are used on a network-wide 
scale, short experimental sections should be built to determine 
the application rates and the consequent life of the material. 
The expected life of the material is particularly important in an 
economic evaluation. In addition, a comparative analysis of 
bituminous seals is essential before a program to apply dust 
palliative agents on any scale is started. 

Lighter Pavement Structures With Surface Treatments 

Pedocretes 

Calcretes are probably the most widely used road construction 
materials in southern Africa. A calcrete can be regarded as a 

material that is formed by the in situ cementation or replacement 
of almost any pre-existing soil by calcium carbonate, which is 
deposited from the soil water. In southern Africa calcretes that 
can be used in road construction are mostly found in areas in 
which the Weinert N-value is greater than 5. 

Spottiswoode and Graham used calcretes that did not 
comply with the traditional specifications in the construction of 
a 65-km private road near Kleinzee on the west coast (8). Before 
the road was constructed in June 1980 it carried 50 vpd, 30 
percent of which were heavy vehicles. After construction was 
completed, the traffic was 100 vpd, about 10 percent of which 
were heavy vehicles. The new pavement layers were placed on 
an existing poor gravel road, which was on low fill on Kalahari 
sands . The road was designed to carry 50 000 E80s over a 15-yr 
design life, and the construction was as follows: 

Surfacing 
• 13-mm and 6-mm double seal 

Base 
• 100 to 125 mm 
• Pl of 12 to 20 
• Minimum soaked CBR at 98 percent 
• Mod.AASHTO specified as 60 but as constructed ranged 

from 70 to 96 
• Grading modulus 2.1 to 2.5 

Sub base 
• 125 mm 
• Maximum Pl of 20 specified 
• Minimum soaked CBR at 95 percent 
• Mod.AASHTO specified as 20 

In 1986 the road was performing well and it had an average 
riding quality of 3.2 PSI (27 QI) . Only isolated areas required 
any maintenance, and a minimum riding quality of 2.2 PSI 
(48 QI) over 100-m lengths was measured. 

Sea water was used for compaction in the absence of fresh 
water. Care was taken to seal the road as quickly as possible 
after compaction, in accordance with available guidelines, and 
few problems were encountered (9). A 6-m-wide surface and 
1-m gravel shoulders were found to be more cost-effective in 
this situation than a 3-m-wide surfacing and 2.5-m gravel 
shoulders. The option of retaining the 8-m gravel road was also 
less cost-effective when construction and maintenance costs 
over a 15-yr analysis period were considered. 
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Overby reported the results of an experiment in northwestern 
Botswana, in which a road that consisted of a Kalahari-sand 
subbase of 100 mm, a 150-mm base that was composed of 
calcified sand and powder calcrete, and a graded gravel seal 
carried 35 200 E80s during a 9-month accelerated testing 
program (10). At the end of the test no distress was apparent 
and the road performed excellently. As a result of this 
experiment, the 4S-km Sehitwe-Tsau road was constructed with 
materials that did not comply with traditional specifications. As 
a result of the experience gained in Botswana between 1974 and 
1981, and the work performed by the Transport and Road 
Research Laboratory, appropriate specifications for calcretes 
were incorporated in the 1982 Botswana Roads Manual (I 1-
13). These specifications are provided in Table 2. 

It was found that the relaxation of certain aspects of the 
traditional material specifications was appropriate for calcretes. 
This finding is in accordance with the suggested materials 
standards proposed by Netterberg (14). These standards were 
derived after an extensive study of the performance of calcrete 
roads in southern Africa. The standards for calcrete bases 
shown in Table 3 cover a wider range of traffic volumes than 
those established by the studies mentioned earlier. Furthermore, 
the lightest traffic category base specification could be used for 
the sub base with the LL, PI, and LS requirements relaxed to SS, 
20, and 10, respectively, and the CBR and density could be 
relaxed to those usually required for subbases. 

Although a one-layer pavement could be feasible under 
certain conditions, it may not always be practical. A total of 423 
km of road with a calcrete base that was stabilized with S 
percent portland cement and double surface treatments was 
constructed between l 96S and 1970 in the western Transvaal 
(15). A one-layer pavement that consisted of a 12S-mm base on 
the existing gravel road was initially used. The in situ gravel was 
later ripped and recompacted to a depth of I SO mm, and the 
imported base was constructed thereafter. Because the pro
duction rate was higher, the two-layer construction was more 
expensive than the one-layer construction. These roads per
formed well; by 1977 they had carried between 20 000 and 
2SO 000 E80s. The original estimated structural capacity varied 
between SO 000 and SOO 000 E80s, depending on the underlying 
materials . 

Laterites or ferricretes have been extensively used in the 
Transvaal and the Cape Province regions, but so far little has 
been published in this regard. Judging by the specifications 
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developed by the LNEC in Angola and Mozambique, or those 
used by the Brazilian National Highway Department, Iaterite 
materials that do not comply with traditional specifications can 
be used (16, 17). Utiyama et al. have successfully used fine
grained lateritic soils, up to 99 percent of which passed the 0.42S 
mm sieve, but which also had high bearing capacities (18). 

The available evidence indicates that calcretes and laterites 
that did not comply with traditional material specifications 
performed adequately in lightly trafficked roads, and the 
applicable standards should therefore be relaxed. 

Diamictites 

Paige-Green conducted an extensive investigation into the 
performance of roads in South Africa that were constructed 
with tillites (19). Tillite is a glacially derived material that is 
formed when the substratum is eroded by the movement of 
glaciers and ice sheets. This material is then transported by the 
moving ice and deposited beneath the ice masses and in 
adjoining seas. The material is therefore highly variable. As a 
result of this research, interim specifications were proposed for 
tillite and are shown in Table 4. It has again been found that the 
traditional specifications could be relaxed, particularly on 
roads with light traffic. Particular care must be taken when the 
material contains more than 30 percent of potentially de
composing constituents (rocks greater than SO mm) and if the 
Weinert N-value is less than S. 

General 

In 1977 a colloquium on lightly trafficked roads was held in 
Pretoria in which rural road authorities from southern Africa 
participated (20). Available specifications and expertise were 
pooled, and the specifications given in Table S were accepted. 
The lower traffic volume category only applies to up to 45 heavy 
vehicles per day. The higher traffic volume category should be 
used for higher numbers of heavy vehicles. Although these 
specifications allow for the use of a lower-quality material than 
is traditionally specified, some of the case studies presented 
showed acceptable performance with materials of a lower 
quality. However, in other cases (tillites) the specifications can 
only be relaxed in certain respects. It is therefore clear that 

TABLE 2 BOTSWANA 1982 PAVEMENT LAYER REQUIREMENTS FOR CALCRETES (13) 

Property 

Maximum size 
Minimum GM 
Maximum percentage < 0.425 mm 

Maximum LL 
Maximum PI 
Maximum LS x (< 0.425 mm) 

Minimum soaked 10% FACT 

Minimum CBR 
at minimum 
field density 

< I 00,000 E80 

Base course 

75 mm 
I.I 
80 

25 
600 

50 
at 
98 % 

Sub base 

20 

25 
at 
95 % 

< 200,000 E80 

Base course 

53 mm 
1.5 

55 

40 
15 
320 

50 % 

60 
at 
98 % 

Sub base 

I.I 

20 

25 
at 
95 % 



TABLE 3 S UGGESTED INTERIM AS-BUILT MATERIALS STANDARDS FOR BITUMEN-SURFACED 
CALCRETE GRAVEL OR CRUSHED NATURAL GRAVEL CALCRETE BASES (14) 

Expected Traffic Category, vpd, < 207. > 3 tonnes 

Property 

< 500 500-1000 1000-2000 2000-50001 

Max. size, nun 19-38 38-53 38-53 38-53 

Min. Grading Modulus 11 1,5 1,5 1,5 

Percentage passing 0,425 nun by mass 15-55 15-55 15-55 15-55 

Max. Liquid Limit (7.) 40 35 30 25 

Max . Plasticity Index (7.) 15 12 10 8 

Max. Bar Linear Shrinkage (7.) 6,0 4,0 3,0 3,0 

Max. Saturated Paste Electric. 

Conductivity~. S/m 25 °c 0,1 5 0,15 0,15 0,15 

Max. Group Index 0,5 0,0 0,0 0,0 

Worst ASTM D 3282 class A-2-6 A-2-4 A-2-4 A-2-4 

Max. Bar Linear Shrinkage x 7. 

< 0,425 nun 320 170 170 170 

Min. Dry 10 7. FACTxx value, kN or 50? 80? 110? 110? 

Max. Dry Aggregate Crushing Value xx (7.) 40? 35? 30? 30? 

Min. Soaked/dry 10 7. FACT value xx (7.) 50? 50? 50? 50? 

Max. Water Absorptionxx (7.) 5? 5? 

Min. Dry Aggregate Pliers Value xx (7.) 50? 60? 70? 70? 

Min. 98 7. M.AASHTO 0, 1" CBR l7.) 60 80 80 80 

Min. 98 7. M.AASHTO 0,2" CBR (7.) 80 80 100 100 

Max. M.AASHTO CBR Swell (7.) 0,5 0,5 0,5 0,5 

Min. Relative Field Compaction 

(7. M.AASHTO) 98 98 98 98 

T After 20 years per 12 hour (7 a.m. to 7 p.m.) day in both directions 

f Or up to 600 E80/24 hour day/lane after 20 years 

11 The Grading Modulus (GM) is the cumulative percentage retained on the 2, 0,425 and 

0,075 nun s~eves 

T 

On the dry-screened< 6,7 nun fraction; or 0,20 on the dry-screened< 0,425 nun fraction 

xx All coarse aggregate tests must be carried out on a mixture of the 9,5-13,2 nun material 

prepared by screening and that prepared by crushing the > 13,2 nun aggregate 



TABLE 4 SUGGESTED INTERIM SPECIFICATIONS FOR THE USE OF TILLITE IN SOUTHERN AFRICA (19) 

Moist areas (N < 2)(e.g. Natal) Dry areas (N > 2) 

Property 

Base Sub base 

Vehicles per day 1000-4000 < 1000 1000-10 000 < 1000 

(approx 7. heavyxxx) (10) (5) 

Estimated E807day 460 36 1200 36 

Max. size (mm) 19,0-37,5 19,0-37,5 26,5-37,5 63 

% < 0,075 mm 5-17 5-17 5-12 < 25 

Max. liquid limit (7.) 26 26 26 35X 

Max. plasticity index (%) 13 13 6 13x 

Max. Bar Linear Shrinkage (%) 4 4 2 4 

Min. 987. Mod.AASHTO 

soaked 2,54 mm CBR (%) 100 80 80 70 

Max. flakiness index 45XX 

107. FACT (kN) 200 180 110 

Min. ratio soaked/dry 

10% FACT (7.) 70 70 70 

Min. Washington degradation 

value 60 55 50 50 

x Provided the material is stabilized. Values are before stabilization. 

xx 

xxx 

Provided the 10 7. FACT specification is met; if not discard. 

Heavy vehicles z axle load > 15 kN. All vehicle counts are both directions, 12-hour 

counts corrected for 24 hours. 

TABLES RECOMMENDED STANDARDS FOR BASE AND SUBBASE MATERIALS 
(20) 

Base a Sub base 
Material and 
Properties 2:300 vpd <300 vpd 2:300 vpd <300 vpd 

Natural gravels 
Grading modulus >J.5 >1.5 -63 mm -63 mm 
Plasticity Index (%) :PS :PIO :P 10-12 :P l0-12 
CBR (%) (9S% AAS HTO) <t60-70 <tS0-60 <t35 <t2S 

Pedogenic materials 
Grading modulus >1.5 >LS -63 mm -63 mm 
Plasticity Index (%) :PIS :PIS :PIS :Pl5 
Linear shrinkage (%) :PS :PS :PS :PS 
CBR (%) <t60-70 <tS0-60 <t3S <t2S 

a For good subgrades in which the CBR is less than 2S percent, the requirements of the 
base can be relaxed to the less than 300 vpd specification. It should also be noted that when 
pedogenic materials are used, especially calcretes, the soluble salt content should be checked. 

Base 

< 1200 

180 

37,5 

5-16 

28 

13 

4 

80 

200 

56 
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experience will have to be gained about the performance of 
every material classification and climatic situation before any 
relaxation of material standards can be considered. Layer 
thicknesses appear to be less of a problem than material quality, 
and base and sub base thicknesses of between IOO and I SO mm 
have been used successfully. Unfortunately, little information is 
available on the in situ strength of the subgrade, and according 
to the TRH 14, special attention is necessary ifthe in situ CBR is 
less than l S (21). A discussion of certain problems in regard to 
traditional specifications follows . 

PROBLEMS WITH TRADITIONAL SPECIFICATIONS 

Marked differences in the performance of roads that were built 
with weathered dolerite bases under bitumen surfacing were 
reported in the early 1960s. In several cases in which the failed 
roads were opened and the base material was compared with the 
material in the applicable borrow pit, a deterioration in the 
quality and composition of the weathered dolerite was observed. 
This decomposition was not limited to basic crystalline rocks, 
but also affected acid crystalline rocks, and depended on the 
climatic regions. This work led to the definition of the Weinert 
N-value to characterize climate. It was also possible to identify 
problem materials by the percentage of secondary minerals, like 
clay minerals, as a function of the N-value, as shown in 
Figure 2. The percentage of secondary minerals is determined 
by microscopic observation. Unfortunately, the process is 
laborious and is not executed on a routine basis in a field 
laboratory. The ratio of the wet/ dry IO percent FACT 
distinguishes between some of the decomposing materials, but 
in the TR H 14 this is only a requirement for the high-quality GI 
and G2 materials (6). 

Sampson et al. recently reported work in which a modified 
form of the Texas Ball Mill (TBM) test was used to identify 
decomposing materials (22). The proposed limits are that (a) the 
Pl should not exceed 6 after any of the TBM treatments, and (b) 
the amount of fines passing the 0.42S mm sieve should not 
exceed 40 percent and should not increase by more than 20 
percentage units from the original passing the 0.42S mm 
fraction . 
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Although the results of this test procedure are still being 
correlated with performance, preliminary indications are that it 
identifies decomposing materials and it can be performed in any 
site laboratory that is equipped with a TBM apparatus. Such a 
rapid test would be a valuable aid, because dolerites in 
particular posed some problems even when materials that 
complied with the traditional specifications were used. 

Special Secondary Roads in the Orange Free State 

It was reported at the previous Conference on Low-Volume 
Roads that the Orange Free State Provincial Roads Department 
has constructed more than 600 km of special secondary roads 
since 1971; 8S l km of the roads are currently in service (3). 

These roads were gravel roads that were upgraded with a light 
pavement structure. This was done mainly to conserve gravel 
and to counteract the effects of an excess or lack of moisture. 

Specifications for these pavements require the unstabilized 
subbase to have a minimum in situ CBR of 3S at 9S percent 
Mod.AASHTO compaction, a minimum grading modulus of 
l .S, and a maximum plasticity index of IO (23). The existing 
gravel wearing course is brought to a uniform thickness of l SO 
mm if the sub base quality is suitable, or a new layer is imported. 
An estimated in situ CBR of at least 6S at 98 percent 
Mod.AASHTO compaction and a maximum PI of 6 are 
required for the l SO-mm natural gravel base. A bituminous 
double seal that consists of a layer of 13 mm and a layer of 6 mm 
stone is used as a surfacing. The available as-built records show 
that the base was typically of GS or G6 material, whereas the 
sub base consisted of GS, G6, or G7 material. The maximum PI 
in the base and subbase was specified as 6 and IO, respectively. 

The construction records of five of these roads indicated that 
they were constructed with natural dolerite gravels. A visual 
assessment of these roads showed that their performance was 
influenced by the climatic zone. Two of these roads were located 
in an area in which the N-value was greater than S, and no 
distress was recorded even though the roads have been in service 
since 1978. Traffic-associated distress was recorded on the other 
three roads, which were built between 1979 and 1981 and which 
were located in areas in which the N-value was less than S. 
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Although a maximum PI of 6 was specified for the base, 
severe traffic-associated distress was observed within 6 yrs in 
cases in which natural dolerites were used in climatic zones in 
which the N-value was less than 5. Thi~ suggests that even 
traditional specifications may not be appropriate under such 
conditions. Further research will be performed on the special 
secondary roads to clarify the issue of the suitability of 
traditional specifications for dolerite materials in the wetter 
climatic areas. 

Lighter Pavement Structures in a Wetter Coastal Area . 

An investigation was recently conducted on the performance of 
lighter pavement structures in a wetter area along the eastern 
seaboard. Three roads were studied that were either constructed 
with natural gravel dolerites or contained added dolerite fines. 
These three roads were located in an area in which the N-value 
was less than 2. Severe traffic-associated distress, coupled with 
rutting, had occurred over more than half of the length of each 
road, and many potholes and patches were evident. An 
evaluation of the in situ structural capacity by means of the 
Dynamic Cone Penetrometer (DCP) procedure showed that 
these roads had carried between 1 and 50 percent of their 
structural capacity since 1983, when they were opened to traffic 
(24). Severe distress coupled with a structural capacity that is 
much higher than the traffic the road has carried usually 
indicates a base problem. This was confirmed when test pits 
were dug on these roads. 

The available construction records showed that at the time of 
construction the Pis of the base were within the specified 
maximum of 6. However, when the in situ materials were tested 
in 1986, the Pis ranged from 6 to I 0. The centerline sample that 
had the highest PI was subjected to the modified TBM test. No 
change in properties was detected, which suggested that no 
further degradation would occur. 

Although the evidence obtained on these three roads was 
meager, it suggested that under these conditions even basic 
crystalline materials at the margin may not perform satis
factorily. In fact, Netterberg suggested that a PI of more than 1 
or 2 is dangerous in a base composed of basic igneous rock, even 
if it is stabilized (25). It is also important to note that the 
expected performance and life of the road may be jeopardized 
by its finish and riding quality. An as-constructed ~iding quality 
of2.2 PSI (48 QI) was measured when the road was constructed 
under traffic, which is the way in which many roads in 
developing areas are built. 

It is clear from the limited study of the performance of roads 
constructed with basic crystalline rocks that even traditional 
specifications may be too wide in terms of Pl in cases in which 
the N-value is less than 5. No relaxation of traditional 
specifications should therefore be considered. 

CONSTRAINTS IN DEVELOPING REGIONS 

A certain level of routine maintenance is assumed in any 
pavement design, and periodic or special maintenance activities 
are specified. It is assumed that these activities will be executed. 
However, these assumptions do not necessarily always apply. It 
is therefore worthwhile to explicitly list the following possible 
constraints in developing regions. 
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• Funds for capital expenditures are often obtained from 
funding agencies and are therefore relatively scarce. 

• Rehabilitation is typically funded from external sources. 
Delays in arranging funds and appointing contractors could 
mean that rehabilitation will become reconstruction. 

• Quality control during construction may not always be of 
a high standard. 

• Departmental resources may only be geared to handle 
maintenance; construction would then be handled by con
tractors. 

• Maiptenance budgets may be limited to such an extent 
that essential routine or special maintenance activities may not 
be performed, with a consequent effect on road quality. 

• Maintenance organizations may experience difficulties in 
the recruitment of suitable staff; therefore, the quality and 
quantity of maintenance may suffer. 

• Problems may be encountered in maintaining plant and 
equipment, which could influence the annual output. 

• Control of vehicle overloading may be poor. 

The application of lighter pavement structures will now be 
reviewed against the background of these possible constraints. 
The development of a design philosophy will also be addressed. 

HANDLING A SITUATION OF INCREASED RISK 

Old-time road engineers used to say that the performance of a 
road was defined by the following factors: 

• Surface and subsurface drainage, 
• Material quality, 
• Construction control, 
• Maintenance, and 
• Control of overloading. 

Acceptable performance can still be obtained if only one of 
these factors is relaxed. For example, if drainage is worse than 
desired, adequate performance can still be achieved provided 
that all other factors are of a high quality . However, if there are 
drainage problems, and the material quality is suspect, it is 
unlikely that good performance will be achieved. The local 
situation defines the extent to which overloading is controlled 
and maintenance is applied, but the designer has little control 
over this. A tendency to neglect the design of drainage of light 
standard pavements could be fatal. Poor performance could 
also be aggravated by marginal materials. Construction control 
may also be neglected, which would result in an expensive road 
that does not provide any service. The materials that are used in 
lighter pavement structures may be sensitive to moisture, and 
poor maintenance could allow the disastrous ingress of moisture 
(3) . 

It is therefore clear that injudicious relaxation of specifications 
is unwarranted. The utmost care should be taken during 
.construction with drainage, material quality, and construction 
control. For example, Netterberg believes that construction 
control should be more stringent than on normal roads (25). 
Control of material quality does not mean working to traditional 
specifications, but working to appropriate specifications that 
have been tested in practice. If these aforementioned factors are 
well-controlled, there is a reasonable chance of achieving 
acceptable performance even if maintenance and control of 
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overloading is neglected. However, the philosophy adopted by 
a road authority should be primarily influenced by its capabilities 
and method of funding. 

Departmental Funding and Construction 

If a certain road is to be built to lighter pavement standards, and 
the road is constructed and funded under departmental control, 
the savings in construction cost would benefit the department, 
even though lighter pavement structures may carry an increased 
risk of early maintenance and rehabilitation. The objective 
would be to minimize construction and maintenance costs . 
These risks would be perfectly acceptable if the department 
could cope with the increased work load. In fact, the department 
could apply a high level of maintenance to ensure good 
performance. 

External Funding and Contracts 

If a sponsoring agency is funding construction, the acceptability 
of increased risk associated with lighter pavement structures 
has to be evaluated carefully, especially if the capital is raised by 
means of repayable loans. The road authority typically would 
neither have the resources to handle the increased maintenance 
work load associated with this risk , nor would it be equipped to 
handle any necessary local reconstruction. Local reconstruction 
remains an important consideration, as reported by Paterson 
and Marais (15). Therefore, it may not be prudent to accept the 
increased risk of lighter pavement structures in a situation in 
which a sponsoring agency provides the funds for road 
construction, and departmental resources are used for future 
maintenance. ln this case a standard pavement design and 
proven materials should be used. 

Funding agencies could, however, play an important role in 
sharing the consequences of minimizing total costs, particularly 
in regard to the road authority's costs. This could be achieved 
by providing funds not only for the initial construction, but also 
for routine and special maintenance as part of the original loan 
agreement. Routine maintenance can be ensured in this manner. 
This method was adopted by funding agencies such as the 
World Bank, which recently entered into a loan agreement with 
Malawi to fund routine maintenance on the part of the Malawi 
road network. 

Techniques To Reduce the Risk Factor of Lighter Pavement 
Structures 

In addition to the pavement design, construction, and main
tenance considerations, sealed shoulders can be used to reduce 
the risk of lighter pavement structures. This technique would be 
particularly relevant when natural materials that are known to 
perform marginally are available and costly crushed stone is the 
only alternative base material. ln an extensive study of moisture 
movement under pavements in South Africa, Emery found that 
the seasonal moisture movement extended 600 to 1,000 mm in 
from the edge of the bitumen, and that it was more prominent in 
the upper layers (26). A sealed shoulder width of 1.0 m is 
recommended for low-volume roads in which the design traffic 
is less than 3 million E80s to minimize the effect of wheel loads 
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in the zone of seasonal variation. The economics of such a 
treatment would of course have to be evaluated for each specific 
project. 

CONCLUSIONS 

Wide success has been achieved in southern Africa with the 
application of an appropriate technology that uses natural 
materials in the construction of lighter pavement structures. 
Notwithstanding the successful use of materials that do not 
comply with traditional specifications, available evidence has 
also shown that, under certain circumstances, relaxation of 
traditional specifications could be disastrous. 

Climate, as defined by the Weinert N-value, plays an 
overwhelming role in the performance of natural materials. It 
was shown that calcretes, which are normally found in an area 
in which Nwas greater than 5, performed successfully when the 
CBR, PI , grading requirements, and aggregate strength 
specifications were relaxed. Judging from the experience with 
laterites in other regions, pedocretes perform well with relaxed 
specifications; available guidelines were presented. In dry areas 
in which N was greater than 5, dolerites performed well when 
traditional specifications were followed, because disintegration 
was the main form of weathering. 

In wet areas in which N was less than 5, decomposition was 
the main form of weathering. Basic crystalline rocks, such as 
dolerites, have posed problems in lighter pavement structures, 
even when traditional specifications were followed at the time 
of construction. Indications are that under these conditions 
such materials should have a maximum PI of 1 or 2, even when 
stabilized. Tillites, on the other hand, allow relaxation, and 
tentative guidelines were give.n. 

Although wide success has been achieved with lighter 
pavement structures, the applicability to local conditions and 
cost-effectiveness have to be considered. Available evidence 
suggests that dust palliative treatments are not cost-effective, 
although unsubstantiated reports to the contrary have been 
made. Great care has to be taken in the judicious application of 
lighter pavement structures so as not to compound problems 
that arise from the following factors: 

• Poor drainage, 
e Poor construction control, 
• Poor in-service maintenance, and 
• Poor control of overloading. 

There is an associated risk with the use of lighter pavement 
structures of early local reconstruction or unexpected additional 
maintenance. If a road authority is equipped to handle this 
additional work load, lighter pavement structures could be 
effectively used to minimize the total cost of construction and 
maintenance, and the cost incurred by the road user. In cases in 
which funding is obtained through loans, a road authority often 
would not be equipped to handle the additional work load. 
Lighter pavement.structures may not be an economic alternative 
unless the financing authority can provide funds for such 
unexpected expenditures in the loan agreement. In some cases 
such treatments as paved shoulders may be an economic option 
for reducing the risk of poor performance. 

In summary, it has been shown that lighter pavement 
structures are economically viable under certain conditions, but 
they cannot be used injudiciously. 
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