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The Maintenance and Rehabilitation of 
Sealed Rural Roads 
T. J. BROWN 

Some of the unique aspects of the New Zealand rural road 
network are summarized in this paper. In particular, details are 
provided of the road user charges that are applied to ensure that 
the heavy vehicles that impose the greatest wear on the 
pavement pay a fair share of the road maintenance and upgrade 
costs. All load-carrying vehicles, powered or unpowered, pay a 
portion of the cost of the deterioration they cause. Weight and 
distance licenses, and a surcharge on fuels used by light vehicles, 
ensure that sufficient funds are now available from road user 
taxes to fully fund the share of roading provided by the 
National Roads Board. For more than 50 years New Zealand 
has developed and used a low-cost but effective method of 
surface sealing on unbound base course pavement layers. The 
policy of the National Roads Board of placing priority on the 
maintenance of the roading asset by fully funding basic items is 
highlighted. Funds are available for a large reseal program on 
rural roads. The design philosophy and methods of application 
of these bitumen seals are fully described. Roads inevitably 
reach a stage at which minor maintenance is insufficient to 
retain an acceptable riding surface, and major rehabilitation is 
required. The design and construction methods developed to 
provide a thin layer of unbound base course shape correction 
treatments on previously sealed surfaces are covered in detail. 
Surface sealing is an appropriate and effective way of providing 
a good-quality road system in developing countries. However, 
it is essential that any construction program be fully matched by 
a comprehensive maintenance and rehabilitation program. The 
funding priority given to pavement maintenance is the main 
reason why New Zealand has been able to provide a high
quality, low-cost rural road network. 

New Zealand is about 264 540 km 2 in size and has a population of 
3,300,000. The country is geologically young; the terrain varies 
from flat coastal plains to mountainous country; the highest 
peak, Mt. Cook, rises to 3764 m (12,349 ft). The land form 
creates extremely variable road conditions. New Zealand has 
many rivers, which consequently necessitate a high number of 
bridges. It also has a rainfall pattern that produces frequent 
floods. New Zealand is in an active earthquake zone and is 
subject to volcanic action in some areas. 

Two main islands are separated by the rel~tively narrow 
Cook Strait, which creates a natural barrier to a complete 
national road system. The strait is crossed by road and rail 
ferries, and the trip takes about 3-1i2 hrs. There are about 
93 000 km of formed roads in the country. This represents a 
relatively low road density of0.35 km/km2, which is much less 
than that of European countries and some developing countries, 
such as India (/). However, New Zealand has a high vehicle 
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population of 440 cars per 1,000 persons that is second only to 
the United States, which has 530 cars per 1,000 persons. Despite 
the high number of car owners, most rural roads in the country 
fall within the low-volume road category. 

THE NEW ZEALAND ROAD SYSTEM 

The road system is principally administered by the National 
Roads Board (NRB), an autonomous body that was created by 
an act of Parliament. The members of the NRB represent 
municipalities, counties, private motorists, and heavy vehicle 
operators together with various government departmental 
appointees. 

The NRB is responsible for the setting of expenditure levels 
and priorities for the two roading sectors shown in Figure I. It 
totally funds the state highway sector and pays a subsidy for the 
maintenance and upgrade of local authority roads. Activities of 
the NRB are funded exclusively by road user contributions 
from (a) a tax on fuel, LPG and CNG, used in light motor 
vehicles, and (b) a weight and distance road user charge on 
heavy motor vehicles. 

The design, construction, and maintenance of the state 
highway system are administered by the Ministry of Works and 
Development (MWD), a department of the national govern
ment. It covers all motorways, major arterial highways, and 
secondary highways. Some minor rural state highways are 
delegated to local authorities for maintenance work. The 
remaining 81 500 km of roads are administered by 232 local 
territorial authorities. 

Road User Charges 

In any road system in which the user pays a portion of the costs, 
it is difficult to equitably distribute the costs according. to the 
various classes of vehicles that create the need for high 
geometric and structural standards and cause deterioration of 
the pavement . Many options such as tolls, fuel taxes, and tire 
taxes have been tried, but there were inherent administrative 
problems. In 1977, New Zealand imposed a weight and distance 
road user charge on heavy vehicles to recover a fair share of the 
cost of maintaining the road system. The charges were set 
annually by the NRB, which is required to recommend to the 
government the level of funding necessary to maintain and 
improve roads. Road user charges account for 49 percent of the 
NRB's total taxation income. 

Every vehicle that has a gross vehicle weight of over 3.5 tons, 
powered and unpowered, must be fitted with a hubodometer 
and carry a weight and distance license for the maximum gross 
weight that will be carried by that vehicle. The license fee system 
is calculated on the basis of the equivalent pavement wear 
caused by the combination of axles for any particular con-
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FIGURE I New Zealand road system. 

figuration . A comparison is provided in Table 1 between the 
rate per gross ton of various vehicle types and the most 
damaging vehicle, the two-axle truck. Travel by the unladen 
vehicle is charged at full laden weights; the fees are calculated by 
use of an average loading situation. The road user charge 
system is fully described in a paper by Fisher (2). 

Rural Roads 

New Zealand is predominantly a pastoral farming area and the 
country is well-known for its extensive sheep breeding and dairy 
products. Significant tracts of planted radiata pine forests serve 
an expanding timber industry. The dominant reliance of the 
national economy on rurally produced goods creates a relatively 
unique situation among developed countries and is the basic 
reason for the existence of a network of high-quality, sealed 
rural roads. 

Although the maintenance of gravel roads is a matter of great 
importance because of the lengths involved, only the mainte
nance and rehabilitation of sealed roads is discussed in this 
paper. Two-lane roads with a surfaced carriageway between 5.5 
and 6.5 m wide, depending on traffic volumes, and gravelled 
shoulders are predominant in the Southland area. The typical 
cross-section of such a road is shown in Figure 2. Geometric 

LOCAL AUTHORITIES 
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(39%) (96%) 

standards for five classes of roads that carry up to 2,500 vehicles 
per day (vpd) are detailed in the N RB's Guide to the Geometric 
Design of Rural Roading. 

The triple-deck sheep truck shown in Figure 3 is typical of the 
truck and trailer configuration that is used on farms. These 
units, which are shown as Type 4 in Table 1, traverse back 
country roads that may have a relatively poor geometric 
alignment. There is an increasing tendency toward the use of 
triple-axle semitrailers to increase load limits. These units tend 
to be severe on sealed roads when maneuvering at low speeds. 

The Southland Scene 

A brief description has been provided of the overall structure of 
the road administration in New Zealand. The principal aim of 
this discussion is to provide information on the maintenance 
and rehabilitation of rural roads, in particular the procedures 
that are followed in Southland County, which is situated in the 
extreme south of the South Island. This county is responsible 
for the longest road network (4100 km) of any authority except 
the M WD. There are about 6300 km of rural roads in the 
region. Terrain conditions vary from extensive flat land to 
rolling plains, in which road construction is relatively easy, to 
steep mountain passes in the Fiordland National Park, in which 
severe snow and avalanche problems are experienced in winter. 

TABLE I COMPARATIVE COSTS OF ROAD USER CHARGES 

Type Vehicle Maximum Legal Load (tons) Comparative Cost RUC/ton 

~ 14 1.0 

2 ~ 20 0.73 

3 ~ 35 0.73 

4 00 .... e, 39 0.65 

5 ~ 25 0.66 
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FIGURE 2 Typical road cross-section. 

FIGURE 3 Triple-deck stock transport unit. 

CURRENT ROAD POLICIES 

Funding Priorities 

In 1953 a comprehensive review of the roads in New Zealand 
was undertaken. Of the 87 500 km of formed roads that existed 
then, 13 300 km, or 15 percent, were sealed. As with most other 
developed countries, New Zealand experienced a post-war 
boom in construction and in the 1960s and early 1970s many 
thousands of kilometers of roads were sealed. By 1974 the 
length of the road network had increased to 92 000 km, of 
which 45 000 km, or 49 percent, were sealed. Changing 
government funding policies and the first world oil crisis caused 
a dramatic decrease in construction and a greater emphasis on 
maintenance. The 3-yr review of the NRB from 1974 to 1977 
stated the following: 

The Board has continued to regard maintenance as its first 
priority in the allocation of highway funds. As a consequence, a 
greater proportion of available funds has had to be directed to 
the maintenance and rehabilitation of ageing pavements which 
would otherwise have been replaced. Deterioration has been 
held by greater use of thin overlays, shape correction, and 
increased emphasis on resealing. In this connection it was found 
necessary to make a change in programming by introducing 
shape correction as a new maintenance item. 

The policy of giving priority to basic or maintenance items 
instead of construction has been followed since 1977. The major 
exception is the funding of bridge replacements, which are 

regarded as construction or capital items, but have funding 
priority, especially if weight restrictions are imposed on aging 
timber structures. 

Basics 

The policy of the NRB is to fund "basics" for both state 
highways and local roads at a regularly reviewed monetary level 
that takes the annual inflation rate into account. The term 
basics describes the following six work categories that relate to 
the maintenance and operation of the road system: 

• General maintenance, 
• Street cleaning and lighting, 
• Resealing, 
• Shape correction, 
• Bridge maintenance, and 
• Miscellaneous works. 

According to 1986 and 1987 NRB estimates, 82 percent of the 
total highway expenditure was committed to basic items, 
whereas in the rural road sector 91 percent of the total 
expenditure was allocated to basics and 8 percent to bridge 
replacements. The discussion will mostly focus on the basic 
categories of resealing and shape correction, because it is in 
these areas that techniques that are relatively unique to the New 
Zealand scene are employed. 

Reseal Policy 

Rural roads with sealed pavements are resurfaced under one of 
the following subcategories: a) maintenance chip seals that 
preserve pavement (i.e., conventional chip reseals and void
filling seal coats), and b) second-coat chip seals that are used to 
complete construction and shape correction works. 

Shape Correction Policy 

The current policy of the NRB for the approval of shape 
correction treatment includes the following provisions: 

i) Provides for the rehabilitation of existing pavements that 
are exhibiting distress such that: 
a) the ride is unacceptably rough; and/or 
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b) the cost of routine maintenance is uneconomic compared 
with rehabilitation. 

ii) the level "unacceptably rough" should be determined from 
economic considerations including traffic volumes. 

iii) The proven performance of the existing pavement and the 
type of pavement distress must be taken into account in assessing 
the form of treatment to be applied. Removal of the existing 
pavement should only be considered if other options are 
inappropriate or removal is shown to be the most cost effective 
treatment. 

The N RB policy for shape correction is also referred to later. 

Roughness 

A major criterion for the approval of shape correction is the 
roughness of the ride. Various measuring devices have been 
used to quantify roughness on highways and roads. Trailer and 
vehicle-mounted bump integrators have been used in the past. 
However, the Road Research Unit (RRU) of the NRB has 
recently decided to standardize the NAASRA roughometer 
developed by the Australian Road Research Board. These 
instruments are now on lriai in New Zealand and are providing 
good, directly comparative roughness measurements. 

Economic evaluation methods have been in use in New 
Zealand for a number of years, but local research data on road 
roughness measurements, the deterioration rates of roads, and 
the changes in operating costs of vehicles relative to road 
roughness is still lacking. 

THE ROAD PAVEMENT 

General Description 

The length of New Zealand's road system is detailed in Figure I. 
Specific reference is made in the following sections to the major 
maintenance and rehabilitation strategies of sealed rural roads 
under the control of county councils and to state highways in 
rural areas that carry low traffic volumes. 

In practically all cases these roads are constructed of an 
unbound granular base course that is generally at least 150 mm 
thick, and surfaced with a thin, bituminous chip seal. The seal 
does not contribute to the strength of the pavement but 
provides a waterproof, skid-resistant wearing surface. Few 
countries have utilized the unbound· pavement structure so 
successfully. However, New Zealand has shown that this type of 
construction, which successfully utilizes local materials and 
minimizes the use of bitumen, which must be imported by many 
countries, is a viable and economical solution to the production 
of good-quality pavement. Pavement can be economically 
designed for traffic loads of up to 5 X 106 equivalent design 
axles (ED As), especially in areas with abundant gravel resources. 

Construction techniques learned over many years have been 
successfully extended to lime- and cement-stabilized pavements 
that enable the use of low-quality or poorly graded aggregates 
on surface-sealed roads. 

Pavement Condition 

Because a road is progressively damaged by the effects of traffic, 
its condition changes according to, and is reflected by, how it is 
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used. The symptoms of a road's accumulated damage and 
evidence of its current condition are observed as pavement 
surface deficiencies (3). 

Flexible pavements are not prone to sudden failure; they 
generally dele1 iuiale gradually. The failu1e uf a flexible pave
ment is often described as fatigue failure because it is caused by 

a repetition of traffic loads. The failure of pavements is not 
analogous to the fatigue failure of metal, in which the material 
itself fails. Pavement failure is probably better described as 
progressive deterioration in which accumulated deformation 
renders the pavement unserviceable. The materials, however, 
retain a residual strength that can be utilized when the 
pavement is rehabilitated. A pavement can be considered to 
have failed when its surface is no longer acceptable for the 
comfort or safety of the traffic. Although traffic has a significant 
effect on pavement wear, adequate drainage is equally important 
to ensure a reasonable design life. 

Pavement Distress Modes 

The NRB Director of Roading and the author allended the 
1984 Brazilian Transportation Planning Agency/ UNDP seminar 
in Brasilia and gained some very useful knowledge on the 
economics of various road maintenance strategies (4). The 
methodology used in the Brazilian, Kenyan, and Carribean 
studies is directly transferrable to conditions in New Zealand, 
but cost factors and the deterioration rates of road materials are 
not. A considerable amount of work is being undertaken in New 
Zealand by the RRU to relate overseas studies to local 
conditions. The World Bank Highway Design and Maintenance 
model (HOM III) was developed from the studies in Brazil and 
other countries to economically evaluate the road costs and user 
benefits of a highway network. In a paper that deals specifically 
with the prediction of road deterioration in the HOM III 
model, Paterson describes various failure modes including 
cracking, ravelling, potholing, and rut depth (5). Empirical 
relationships are given in the paper for predicting the time of the 
appearance of each failure mode. 

Maintenance strategies for sealed roads in New Zealand are 
based on five basic distress modes, most of which result from or 
lead to surface cracks. Basic descriptions of the distress modes 
are detailed in the following paragraphs. They are also shown in 
Figure 4, in which HOM Ill modes are shown in parentheses 
(6). 

Loss of Waterproofing (Cracking) 

Cracking usually occurs because the binder in the surfacing 
layer has become too hard to accommodate the pavement 
deflection under load. Loss of waterproofing generally leads to 
surface loss. 

Surface Loss (Ravelling and Potholing) 

Surface abrasion on a sealed road results from insufficient or 
em brittled binder. Oxidation is the principal cause of embrit
tlement in bitumen mixes. 

Surface loss by potholing is associated with pavement 
materials that are impermeable to the degree that water from a 
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FIGURE 4 Surface failures. 

minor crack does not disperse, but causes the material to lose 
strength and eventually erodes under vehicle wheels. 

Shear Deformation (Potholing) 

Shear deformation within pavement is usually the cumulative 
result of a large number of unrecovered increments, and the 
mechanism depends on shear strength. The design properties 
required to resist deformation are adequate shear strength, both 
initial and long-term, and a lack of sensitivity to likely water 
contents. 

Subgrade Deformation (Rut Depth) 

Subgrade deformation is also the result of a large number of 
small increments, which is normal pavement behavior. The only 
question at issue is whether the rate of deformation experienced 
is as low as the rate it was designed for . Deformation rate is 
controlled by the stress reduction ability of the overlying 
pavement. 

Densification Within Layers (Rut Depth) 

Densification within layers normally results from unsuitable 
material properties or inadequate compaction. Many pavement 
failures can be rectified by drainage improvements and 
maintenance reseals. For extensive shallow shear and subgrade 
deformation failures and situations in which the problem does 
not solely result from poor drainage, the condition must be 
rectified by overlaying or strengthening the existing pavement. 
The desirability of extending the pavement's life in this manner 
should be considered if the extent of failure requires extensive 
maintenance work. 
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Drainage 

The lack of adequate drainage can significantly reduce the life 
of a flexible pavement. Emphasis has been placed on all aspects 
of drainage to maintain a dry base course and extend pavement 
serviceability. An example of the treatment of road verges lo 
improve longitudinal drainage and to provide a dryer subbase 
for the base course layer is shown in Figure 5. However, care 
must be taken to ensure that traffic safety is not impaired by 
providing adequate shoulder widths and safe road side channels. 
The following factors must be balanced when a road is 
designed: 

• A shoulder that provides lateral support for the outer 
wheel load and is wide enough to accommodate a vehicle that 
leaves the sealed surface, 

• A shoulder slope that will shed water without significant 
infiltration (minimum 8 percent), and 

• A channel deep enough to provide drainage of the 
subbase and disperse surface water. 

FIGURE 5 Example of drainage improvements. 

In many cases these requirements may be collectively 
unobtainable. It is then essential to resort to subsoil drains to 
provide the base course and subbase drainage. The various 
options for providing subsoil drains are shown in Figure 6. The 
actual drain can be a perforated plastic pipe, slotted asbestos 
cement, or filter fabric that encloses either an open-graded 
crushed aggregate with a high voids content or a preformed 
styrene core. Subsoil drains can improve pavement stability by 
controlling water in both fill and cut situations. Above all, in 
any flexible pavement design, it is essential to avoid the "bath
tub effect" shown in Figure 7. 

Pavement Deterioration 

The deterioration of a road can be associated with either its 
riding surface or its pavement structure. Roads can deteriorate 
in the absence of traffic by such factors as bitumen oxidation 
and moisture-related volume changes. Roads will deteriorate 
under most commercial vehicle traffic as a result of the 
irreversible components of the load deformation response of 
pavement materials. However, deterioration commonly results 
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FIGURE 6 Subsoil drains for pavements. 
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from a combination of traffic and environmental effects. The 
rate of deterioration is determined by the design, construction, 
and maintenance of the road. 

As the road deteriorates, various maintenance procedures of 
moderate cost can be used to prolong its life. Patching will 
retard structural deterioration. Nonstructural surface treatments 
can improve skid resistance, riding quality, and water per
meability. However, a stage will be reached when the pavement 
will need to be strengthened. This stage retrospectively defines 
the service life of the original pavement (Organisation for 
Economic Cooperation and Development, 1976) (3) . 

very 
good 

The rate of deterioration is an assumed factor in the 
assessment of the design life of a pavement. More accurate 
methods of predicting the development of an unacceptably 
rough surface are important in staged construction. The 
Highway Design Model is an important reference in this regard. 
The failure condition will be reached by the process of 
cumulative deterioration. This condition has been demonstrated 
graphically in many texts. Figure 8 has been reproduced from 
the Source Book for Auslralian Roads and is a good example of 
the reduction in pavement condition with time (3). 

The concept of staged construction, in which major restoration 
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FIGURE 8 Pavement serviceability levels. 
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or shape correction is used to extend the pavement life, is 
probably well-understood. However, experience has shown 
that the deterioration rate can be significantly reduced by the 
earlier intervention of the intermediate maintenance strategy of 
surface resealing. This practice can effectively extend the life of 
a pavement with moderate traffic volumes by eliminating one of 
the two main deteriorating factors: water. There are roads in 
Southland County that carry about 550 vpd that have had four 
reseals but no major rehabilitation and are still sound after 35 
years . The serviceability of the road can be depicted graphically 
by use of the reseal principle, as shown in Figure 9. The first 
warning level shown in Figure 8 is cracking. The road must be 
treated to maintain impermeability to water when this stage is 
reached. These principles have been confirmed in economic 
studies conducted by the United Kingdom Transport and Road 
Research Laboratory using information from the Brazilian 
studies (7). 

SURFACE SEALING 

F. M. Hanson established the concept of surface sealing in his 
paper The Bituminous Surface Treatment of Rural Highways, 
which was presented to the New Zealand Society of Civil 
Engineers in 1935. The 50 000 km of sealed roads now in 
existence in New Zealand are fair testimony to concepts that 
were developed more than 50 years ago and are still in use 
today. Two excellent reference books on surface sealing deal 
more extensively with the subjects covered in this paper (8, 9). 

SEALING MATERIALS 

Sealing in New Zealand is performed with 80/ 100 or 180/ 200 
penetration-grade bitumen. In the southern area, in which 
winter temperatures are colder, the softer grade of 180/ 200 
bitumen is used. This bitumen is normally fluxed with auto
motive diesel oil to soften the binder and reduce chip loss with 
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FIGURE 9 Staged construction. 
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age hardening. The MWD generally restricted the amount of 
fluxing to 2 percent on state highways, but this level may be 
increased to 5 percent in areas that experience severe winter 
frosts. However, the practice on less-trafficked county roads 
has been to standardize on a 4 or 7 percent fluxed binder with 
good results. 

Kerosene is used as a cutter to assist the fluidity of the binder 
immediately after spraying in relatively low ambient temp
eratures. Kerosene is volatile and evaporates in a relatively 
short period, leaving only the fluxed binder. Bitumen blends 
that are typically used in Southland County are shown in 
Table 2. Recent Australian research has shown that the tradi
tional assumptions of rapid evaporation of cutter oils and the 
long-term retention of fluxing oils in the binder may be 
incorrect (10). There is concern over the environmental effects 
of using volatiles in hot bitumen spraying. The price of kerosene 
is also higher than the price of bitumen, which has led to an 
increase in the use of bitumen emulsions. However, these 
emulsions are currently being used as a binder for void-filling 
coats in cases in which too much residual chip protrusion exists 
(the sand circle is less than 150) to enable normal reseals to be 
applied . 

It is important to use a crushed stone chip of a uniform size in 
all surface sealing. Because the chips are subject to rolling and 
traffic when the binder is semifluid, they tend to become 
oriented with the least vertical dimension. It is essential to know 
the average least dimension (ALD) of the chip to be used when 
calculating the spray rate for bitumen reseals. The chip grades 
used for reseals are designated 2, 3, or 4, and the ALD 
specification is shown in Table 3. The smaller grade 5 and 6 
chips are specified by grading limits and the maximum size is 
shown in Table 3. 

First Coat Sealing 

The base course layer of a flexible pavement is shaped, watered 
to achieve optimum moisture content, and compacted to a 
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TABLE 2 SEALING BINDERS 

ALL BLENDS BASED ON 180/200 GRADE BITUMEN 

% % % CHIP 

GRADE USE BITUMEN FUEL OIL KEROSENE SIZE 

MCO Prime 51 4 45 6 

MC3 First Coat 90 4 . 6 3 - 4 

MRO Reseal 93 7 2 - 4 

MRS Reseal 96 4 2 - 4 

No1e: M RO is used where average vpd< 500 

TABLE 3 SEALING CHIPS 

Chip Size A.L.D. Application Rate Spray Rate 

mm m2/m3 l/m2 

Grade 2. 9.5 - 12.0 50 - 65 2.0 - 2 • .3 

Grade 3. 7.5 - 10.0 60 - 75 1.8 - 2.0 

Grade 4. 5.5 - 8.0 75 - 90 1.5 - 1. 7 

Grade 5. 7 mm max. 95 - 110 1.3 - 1.4 

Grade 6. 5 mm max. 115 - 130 1.1 - 1.2 

NOTE: Grade 5 and 6 chips used in void filling emulsion reseals 

dense surface using a combination of either rubber-tired, static 
steel wheel, or vibrating rollers. After sweeping, the surface 
should provide a good stone mosaic for bitumen adhesion. 

Two traditional methods are used to surface the road 
initially. In the first option, a low-viscosity cut-back MCO 
bitumen blend is sprayed on the surface at about 1.2 1/ m 2 and 
coated with a small chip. This is then sealed within about 2 to 3 
weeks, depending on the time needed to disperse volatiles, with 
an M RO bitumen coat and a grade 2 or 3 chip. This type of 
finish was more common when heavy compaction equipment 
was not readily available . The fluid prime coat penetrated into 
the base course and created a semibound pavement. This 
treatment is still used in some areas, particularly for autumn 
sealing or in cases in which frost may damage a tender first-coat 
seal. 

The second method is to spray the prepared surface with an 
M C3 bitumen coat and cover this with a grade 3 or 4 chip. The 
application rate for the bitumen is generally in the range of 
2.0 l/m 2. Typical chip application rates are shown in Table 3. 
First-coat seals have a normal life of between 1 and 5 years, 
depending on traffic, and should be resealed before any 
deterioration occurs. 

Principles of Reseals 

The N RB places great emphasis on the protection of the road 
asset and requires a regular reseal cycle on all roads. In 1984 and 
1985, a total of 2,085 km of local rural roads were resurfaced. 

On rural roads with lower traffic volumes, the cycle is usually 
every 10 to 15 years, with a maximum of 18 years on low volume 
roads that carry less than 100 vpd. The national average cycle 
for resealing is 13 years. A reseal every 8 to 10 years would be 
optimal in the state highway sector but this cycle depends on 
traffic volumes, chip size, and road and climatic conditions. 

The importance of maintaining a waterproof surface has 
been previously highlighted. A sealed pavement will deteriorate 
as a result of embrittlement and oxidation of the bitumen. This 
process results in chip loss, an increase in surface permeability, 
and water infiltration, which leads to pavement cracking and 
surface loss. It is essential to prevent those problems by 
regularly resealing the sound pavement to rejuvenate the 
surface. 

Besides providing an impermeable layer, the seal coat must 
also provide a skid-resistant surface. The purpose of a surface 
seal is to provide enough bitumen around the chip to hold it in 
position under traffic loads and ensure that the chips protrude 
enough to provide stone-to-tire contact to increase skid re
sistance and eliminate hydroplaning. This is a delicate balance. 
If too little bitumen is used, chip losses result. If too much 
bitumen is used, a slick surface results. The optimum surface 
finish is shown in the diagram in Figure 10. In practice, 
shoulder-to-shoulder chip contact is sought. Chemical adhesion 
agents are used to encourage chip adhesion , particularly when 
the new seal is subject to rain. Good chip retention results from 
the use of these additives but stone petrology is an important 
factor when choosing the type of chemical to be used. 

A combination of factors leads to deterioration of the skid 
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Height of binder film after rolling and traffic consolidation 

FIGURE 10 Sealing chip embedment. 

resistance of the road surface under traffic conditions. Embed
ment of the chips and stone wear cause a loss of protrusion. 
However, the most significant causes of loss of skid resistance 
are the bleeding of the bitumen in hot conditions and the 
bulking that results from intrusion of road dirt. These conditions 
lead to slick, dangerous surface conditions that must be 
rectified by either burning off the excess bitumen binder or 
resurfacing. 

Reseal Practices 

The most critical factor to be determined in resealing is the 
binder spray rate. This depends on the remaining voids in the 
present surface, the uniformity of surface texture throughout 
the pavement, and the grade of chip to be applied. It is possible 
to calculate the theoretical bitumen application rates for void 
filling and to bed the chip by a simple test known as the sand 
circle. A known quantity of graded dry sand is spread on the 
surface and the diameter of the resulting circle is a measure of 
the void content of the surface. Given the ALO of the chip to be 
used, the nomogram shown in Figure 11 is then used to 
calculate the spray rate. A complicating factor in all spray rate 
calculations is that the residual bitumen is required to be at 
15° C whereas spraying can be in the range of 120 to 160° C. The 
hot application rate must therefore be increased to allow for the 
volume reduction upon cooling. 

One of the problems with high fluxing rates with the softer 
grade of bitumen is the bleeding that occurs at increased 
ambient temperatures . The normal coastal temperature range 
in Southland County is -3° C to 23° C. When temperatures rise 
above 25° C, bleeding becomes a problem and grade 6 chip 
must be spread to rehabilitate the surface. Unfortunately, the 
smaller grade chip in the wheel tracks in which the bleeding 
occurs leads to a continued susceptibility to bleeding at lower 
temperatures and a considerable variation in surface texture 
over the width of the pavement. 

Spraying is performed by special tanker trucks fitted with. a 
multinozzle spraying boom. Units are regularly tested for 
uniformity of application and must be certified for work on 
highways. Modern plants have sophisticated electronic controls 
that monitor pump pressures , nozzle performance, and vehicle 
speed to get a closely regulated and accurate spray rate. Despite 
th e sophistication of the calculation of spray rates and control 
of the sprayer, a good deal of experience is required to ensure a 
uniform, satisfactory seal coat. 

Chips are applied as soon as possible after the binder. In most 
rural areas, the chips are spread directly from a reversing tip 
truck . Roller speeders are used to get a single-stone thickness on 
the road. Because different trucks and drivers are used on one 
job, the chip operator must have considerable experience to 
ensure a quality surface. 

Sealing Records 

An important aspect in programming reseals is an efficient 
record system of surfaced roads. Southland County has 
developed a computerized system that serves a number of 
purposes . Roads are identified by name, number, and route 
positions for particular sections. Current contract rates for 
various work items are entered into the program and, as sealing 
is performed, the position and length of road , seal width, 
sprayed volume, temperature, and chip quantities are recorded. 
The bitumen volume sprayed and the application rate at 15° C is 
calculated from the input data . This provides a physical record 
of particular road resealing, a contract payment of that work, 
and an update of the summarized sealing records. This program 
has significantly improved the financial control and recording 
of resealipg work . 

There are 1340 km of surfaced rural roads in Southland 
County. Programming reseals within budgetary constraints is 
difficult. Resealing represents 26 percent of the cost of road 
maintenance and is obviously an important factor in assessing 
priorities. 

An additional advantage of the computer program is that it 
forecasts future needs . Each road is classified according to 
traffic volumes and an expected seal life is assigned to each of 
the four classes. It is then possible to extract a year-by-year 
forecast of reseal requirements from the records. This forecast 
identifies peaks and troughs and action can be taken to adjust 
levels following on-site inspections of sample roads. The 
program can be adjusted to include shape correction and first
and second-coat seal requirements to ensure an even financial 
allocation. In the 3 years since its introduction this computer 
program has improved management strategy and financial 
control, and eliminated the uncertainty associated with a 
manual record system. 

SHAPE CORRECTION 

In 1984 and 1985, 398 km of rural local roads were shape
corrected nationwide. At this rate of maintenance, only 1.5 
percent of the sealed roads are being rehabilitated annually, a 
figure that is probably well below the deterioration rate. 
However, this work accounts for 17 percent of the basic rural 
expenditure. 

NRB Policy 

The NRB policy manual further addresses the general treatments 
for shape correction of sealed roads in two categories, sealed 
smoothing and major rehabilitation, and specifies the type of 
construction allowed . 
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Sealed smoothing applies to ex1stmg sealed pavements; 
treatments allowed include the following: 

• Grader-laid asphaltic mix, 
• Thin asphaltic overlays not exceeding 25 mm over high 

spots, 
• Unbound granular overlays not exceeding 70 mm over 

high spots, and 
• Treatments that involve ripping or reshaping, including 

the stabilization of the existing pavement material. 

Major rehabilitation applies to existing sealed pavements in 
which improvements are involved. Treatment allows for thicker 
overlays than are allowed in unbound granular overlays for 
structural reasons. 
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,... (l) 

The design and construction methods described will cover 
only unbound granular overlays less than 70 mm and thicker 
overlays allowed for structural reasons. Both grader-laid, open
graded emulsion mixes and stabilization of existing pavement 
materials have been successfully used in this area. 

Design Methods 

The design of flexible pavements in New Zealand has tradi
tionally been undertaken using the NRB S4 method (11). The 
S4 method covers the design of all roads and is considered to be 
conservative for low-volume rural roads. An internal road 
design manual for Southland County was produced in 1983. 
The New Zealand Institute of County Engineers published 
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Pavements and Pavemen. Design (12) as a recommended 
design reference to complement the Guide to the Geometric 
Design of Rural Roads. Brief details of the current pavement 
design methods in use are as follows. 

The N RB S4 Method 

This design method for flexible pavements was developed from 
the 1963 edition of the Shell Design Manual and is based on 
limiting the vertical compressive strain in the subgrade that 
results from wheel loads. The allowable strain associated with 
various numbers of load repetitions of a standard 8200 kg axle 
(EDA) is as follows: 

Equivalenl 8200 kg 
Axle Load Application 

Vertical Compressive Strain 
on Subgrade (mm per mm) 

1.05 x 10-3 

6.5 x 104 

4.2 x 104 

2.6 x 104 

The design chart shown in Figure 12 was developed using the 
following relationship: 

E (elastic modules)= 10 CBR (MPa) 

The charts allow for the selection of the cover thicl ess of base 
course material that limits the critical strain to acceptable 
values under the design traffic loads. 

Defleclion Methods 

A method of using pavement deflections recorded by Benkelman 
Beam tests for pavement design was suggested by Belshaw in 
1967 and refined by Major and Tuohey in 1975 (13, 14). There 
are practical difficulties in using this method for new pavement 
design but the Benkelman Beam is an extremely useful tool in 
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the design and construction of overlays. It provides a practical 
method of monitoring pavement deflections as base course 
layers are added. · 

Revised N RB Method 

In 1983 a proposed revision of the S4 design standards was 
presented at the New Zealand Roading Symposium (15). The 
method was based on the 1978 edition of the Shell Design 
Manual and adopted a linear, layered elastic approach. Con
sideration was given to the fact that the predicted pavement 
depths are realistic in terms of pavements that have performed 
adequately in service. The input values used in the design are 
derived where possible from tests performed in New Zealand. 
This design method attends to the loss of serviceability of the 
pavement through wheel rutting or loss of structural integrity 
by limiting sub grade strain (permanent deformation) in unbound 
pavements. 

Greater emphasis is placed on the design of pavements with a 
stabilized sub base or base course in this revision. It also differs 
from the S4 method because it uses a different relationship 
between the elastic modulus(£) and the CBR found in South 
African experiments. The relationships used are as follows: 

E = 20 (CBR)0·64 for CBR::; 12.7 
E = 8 (CBR) for CBR > 12.7 

Graphs are produced for two different pavement categories: 
premium and lower grade. The latter is applicable to low
volume roads and is reproduced in Figure 13. 

Design of Overlays 

The design of granular overlays uses a similar principle but a 
different technique in the initial design of the pavement. Use is 
made of observed pavement performance as the prime indicator 
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FIGURE 12 The S4 design chart for flexible pavements with a chip seal. 
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FIGURE 13 The modified S4 design chart for lower-grade, flexible pavements with a chip seal. 

of subgrade and pavement material properties. There are very 
practical advantages in designing an overlay for an existing 
road as opposed to designing a completely new road . Surface 
rehabilitation is essentially staged construction and in most 
cases there is no deviation from the existing alignment. Traffic 
patterns are known and growth patterns are predictable. The 
service provided by the existing pavement _can be checked for 
past loading and obvious weak spots can be tested by the 
Benkelman Beam, CBR, or Scala penetrometer and individually 
treated . 

Overlays are required in response to pavement deterioration 
caused by either shear failure, subgrade deformation, or a 
combination of the two. In the first case, the design of the 
structural overlay is the same as for a new pavement . However, 
an overlay design for subgrade deformation is based on the 
assumption that the road has already carried a certain volume 
of traffic and the subgrade has a proven capacity. 

To calculate the additional thickness of base course required 
on an overlaid road, an estimate is made of the total traffic that 
will use the road on the assumed pttvement life, or the number of 
EDAs carried by the road to date, and the projected future 
usage. The pavement thickness is determined by use of average 
subgrade CBRs. A further calculation is made of the cover 
thickness required for the total traffic that has been carried to 
date. The difference between the two calculated thicknesses is 
the depth of additional base course that must be added to 
extend the pavement life by the design period. The design 
methods are fully detailed in a study by Troon (12). 

Construction Materials 

The base course material should comply with the NRB M/ 4 
specification to achieve the optimum pavement characteristics 
of weathering, strength, permeability, and compactibility. This 
specification defines the usual parameters for stone soundness 
and the grading envelopes for the AP 40 base course and the AP 

20 top course materials. An additional grading shape control 
requirement is specified and both factors are detailed in 
Table 4. The AP 20 material is specifically designed for thin 
overlays and is recommended for use in cases in which there will 
be not Jess than 40 mm over the high spots and not more than 
I 25 mm in depressions. The AP 40 base course material is 
regarded by many contractors and pra.ctitioners to be too 
"boney" and hard to compact without additional nonplastic 
fines. 

The base course material is applied to the road and constructed 
in the normal way, using vibrating, static steel-wheeled, and 
rubber-tired rollers to provide a dense surface. Care must be 
taken when applying water to the road to optimize compaction, 
particularly when the old seal is still intact (16) . Construction 
staff need to be aware of the need for greater control in 
constructing an overlay as opposed to a new pavement because 
of the generally tighter tolerances. 

The Existing Seal Coat 

One option is to rip the old seal surface to bond in new material 
or to build on top of the undisturbed road. That decision should 
be made on an individual basis, and the depth of overlay, the 
condition and thickness of the seal coat, and the need to 
stabilize the underlying layers should be considered . Present 
practices would generally support leaving the present seal 
intact. The advantages and disadvantages of not ripping the 
existing seal include the following: 

Advantages 

• It provides a good working platform. 
• It provides additional waterproofing to underlying layers. 
• It provides a membrane that resists the rise of moisture 

into new base course layers or the intrusion of old, clay
contaminated pavement material. 
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TABLE4 BASE COURSE AGGREGATE 

Gradins EnveloEe 

Percentage Passing 

Test Sieve 

AEerture AP 40 AP 20 

37.5 mm 100 

19.0 mm 66 - 81 100 

9.5 mm 43 - 57 55 - 75 

4.75 mm 28 - 43 33 - 55 

2.36 mm 19 - 33 22 - 42 

1.18 mm 12 - 25 14 - 31 

600 um 7 - 19 8 - 23 

300 um 3 - 14 5 - 16 

150 um 10 max. 12 max. 

75 um 7 max. 8 max. 

• It preserves the inherent strength of existing pavement. 
• It eliminates problems with lumps of seal clogging 

pavement layers. 
• It eliminates the costs of ripping and removing. 

Disadvantages 

• Some opinions suggest that a 100-mm layer placed 
directly over an old seal will become unstable whereas a 150-
mm layer will remain intact. Lesser thicknesses can be used if 
the seal coat is removed and the old base course is scarified. 

• Leaving the existing seal intact tends to lead to layer 
separation and could cause problems with rolling that results 
from shear forces in the bottom layers of the overlay in which a 
smooth seal surface could prevent interlocking of aggregate. 

• Problems could occur when depressions in existing seal 
coat collect water and saturate the overlay. 

• The consideration of infiltration is empha·sized in overlays, 
because the presence of an existing seal coat cuts off the overlay 
material from the traditional drainage layer of a conventional 
pavement. 

Economic Appraisal 

The NRB requires a benefit and cost analysis for all shape 
correction proposals and new standard methods have recently 
been promulgated. It is interesting to note that in a major review 
of roads conducted in 1953, road surfaces were ranked according 
to the vehicle operating cost on each type and the Ministry of 
Works estimated that an improvement in running surface 
would, "at a conservative estimate, save 2d per mile in average 
operating costs against what will be the cost of operation on 
deteriorated roads. "The latest economic appraisal manual uses 
the NAAS RA roughness counts to calculate the additional cost 
of operating vehicles on rougher roads. It is believed that the 
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Gradins ShaEe Control 

Percent of Materials 

within given fraction 

Fractions AP 40 AP 20 

19.0 4.75 mm 28 - 48 

9.5 - 2.36 mm 14 - 34 20 - 46 

4.75 - 1.18 mm 7 - 27 9 - 34 

2.36mm - 600 um 6 - 22 6 - 26 

l.18mm - 300 um 5 - 19 3 - 21 

600um - 150 um 2 - 14 2 - 17 

new procedures are cosmetic rather than factual , particularly in 
relation to any actual reductions in operator costs from lower 
roughness counts on short lengths of shape-corrected roads. 

CONCLUSIONS 

New Zealand is a country as large as Colorado and slightly 
larger than Idaho and Kansas. The rural road problems in the 
United States described by Baumel and Schornhorst are 
experienced to some degree in New Zealand (17). However, the 
system of road user charges on heavy vehicles and a fuel tax on 
light vehicles has ensured that the central road funding agency 
in this country, the National Roads Board, can collect sufficient 
money to maintain and rehabilitate highways and local roads. 
Bridge replacements receive priority funding but all road 
authorities would like more construction money to enable road 
improvements to be made at a faster rate . There is a great deal of 
benefit in deriving the major part of road finance from road user 
taxes . It eliminates the political pressure to divert general tax 
income away from road construction and rehabilitation and 
into other more politically rewarding areas. 

New Zealand has successfully used an unbound granular 
pavement with a surface seal to produce a high-quality, low
cost network for both high- and low-volume roads. Priority has 
been placed on maintaining the real asset of the road investment 
by ensuring adequate funds for the resealing and rehabilitation 
of surfaced roads . A fundamentally sound road maintenance 
management system is essential for an effective road transport 
system in any developed or developing country. 
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Road Network, Materials, and Evaluation in 
Jordan 
T AISIR S. KHEDAYWI, EGONS TONS, ANDS. BINDRA 

The economic activity in Jordan during the last IO years has 
caused a substantial increase in traffic, which in turn has 
affected the condition of pavements, especially those designed 
for lower traffic volumes. Many stretches of roads will have to 
be improved or reconstructed earlier than expected. Although 
the increase in traffic is assumed to be the major factor in road 
deterioration, other factors such as the effect of materials, 
design methods, and construction procedures cannot be over
looked. An appraisal of the Jordanian environment, road 
traffic, and road-making materials is presented. Problems with 
materials and construction are discussed and some typical 
pavement failures and their probable causes are described. Case 

. '. Khedaywi. ivil Engineering cpartme nt . University or Science 
a rid Tcchool gy, lrbid , J ordan. E. T ons, University of Michigan, Ann 
Arbor. Mich. 48109. 

histories that dealt with the evaluation of asphalt pavement 
deterioration in several roadway sections in the Irbid area of 
Jordan are discussed. This evaluation involved the physical 
sampling of components, condition surveys by 40 people who 
rated the roads, and the mechanistic measurements of a Present 
Serviceability Index. Some present and future studies on 
pavement components are also included. 

The Hashemite Kingdom of Jordan occupies a strategic 
geogra phic position in the Middle East. Its road network 
system is more extensive than other transport systems and it 
provides a distribution base for national and interna tional 
ma rkets. Almost a ll of the paved roads in Jordan have a surface 
that contains bitumen. Because of the rapid development , of 




