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ABSTRACT 

Compaction of soils has been used for as long as mankind had the need to improve the 
properties of the soil. Properties such as strength and bearing capacity increase with 
compaction, while the compressibility and permeability reduce. The earliest road builders did 
not understand the principles of modern day soil mechanics, instinctively they applied 
mechanical compaction to improve the properties of soils to be used for road construction 
purposes. In this regard compaction has through history proven to be one of the key processes 
in road construction. 

This paper is based on a literature study that was undertaken by the authors for the 
compilation of course notes for the South African Road Federation. It describes the historical 
development of compaction for road building purposes, starting with the first known 
compaction processes by the Mayan around 1500 BC through to modern day compaction 
techniques. 

The paper provides background information on the scientific developments that contributed 
to the understanding of compaction, such as the development of amongst others the CBR, 
Proctor and Modified AASHTO test. It also highlights the value of properly compacted road 
materials and how it increases the properties such as strength and bearing capacity. 

1. EARLY HISTORY OF PAVEMENT ENGINEERING 

Compaction of soils has been used to improve its properties for as long as mankind had the need to 
provide pathways for carrying meaningful traffic volumes irrespective of whether the traffic 
volumes were pedestrians, animal or motorised vehicles. Although it can be accepted that the early 
road builders did not understand the principles of soil mechanics, they knew intuitively (and 
empirically) that if a heavy load was applied to the soil (whether static or dynamic) its 
characteristics improved such that it provided a more mechanically stable pathway that was more 
suitable for their purposes. 

An example of intuitive soil improvement dates back to before the invention of the wheel (prior to 
3500 BC). At that time the Incas in South America already had an extensive network of roads that 
were built entirely by human labour. In what is now Mexico a 5t solid stone roller with a diameter 
of 650mm has been found, which is believed to have been used by the Incas for compacting these 
roads. The roads they built included both earthen and stone paved walkways (Rodriguez et al.). 

During that same time period (before the invention of the wheel) roads in Europe and the Middle 
East were hardly more than dirt tracks, created by repeated animal and human trafficking – in effect 
compacting the soil (traffic compaction) and thereby creating a more stable pathway. If one could 
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speak in modern day road construction terminology, clearing and grubbing would probably have 
been the only construction process at that time. However, with the advent of the wheel (circa 3500 
BC) and the increased use of animal drawn wagons, the need for improved roads increased. 

Evidence of the first stone block roads in Babylon date back to approximately 2000 BC to 1500 BC. 
These roads were constructed by means of placing even sized stone blocks in various layers within 
a box cut. Figure 1 shows a cross section of the Babylonian pavement structure. It is believed that 
these blocks were not cemented together (Hay). 

 
Figure 1. Cross-sections of pavement constructions up to 1900 (Schwartz). 

Between 500 BC and 500 AD an extensive network of properly constructed and well-engineered 
roads was established in Europe by the Romans. These roads were primarily for strategic and 
military purposes and were constructed in order to be able to control the large geographical area of 
the Roman Empire. Figure 1 shows a cross section of the ‘standard’ pavement structure and it can 
be seen that it has some resemblance to the Babylonian pavement structure.  
 
There are however two significant differences, namely: 
 The Roman’s used a mixture of clayey soil (containing pozzolanic material) and lime as a 

mortar between the stone block foundation and the final stone block surface layer. It is believed 
that the Romans used some form of compaction to densify the material in the filling; 



 Before construction commenced the alignment of the road was surveyed and substantial cuts 
and fills with large quantities of earth movement were used. The Romans provided their 
pavements with cambered surfaces and also raised them above natural ground level in order to 
improve the drainage. From this practice stems the term ‘highway’, which is still in use today. 

 
It is reported that the Romans compacted the subsoil underneath the first stone block layer by hand-
dragging heavy rollers to create a firm foundation in which to lay of the stone blocks. If the 
subgrade was considered to be too weak, a pioneer layer of timber poles was placed prior to the 
laying of the first stone block layer. Some of the roads constructed by the Romans are still in use 
today (Via Appia in Rome built by Appius Claudius 300 BC). 
 
Trade and travel over large distances quickly diminished after the collapse of the Roman Empire 
and the established road network started to deteriorate. Throughout the medieval ages there was 
little road building activity. 

2. THE RENAISSANCE IN ROAD BUILDING 

After the medieval ages there was a revival in road construction practices as a result of increasing 
trade. This was however on a relatively small scale and limited to paving market squares and urban 
roads. Early in the 18th century the strategic importance of inter-urban travel was recognised and the 
need arose for high standard roads. In France the ‘Corps des Ponts et Chaussess’ (Engineering 
Corps) was established in 1716, where soldiers were trained in engineering skills to fulfil the need 
for the development of infrastructure. The civil counterpart of this institution, the ‘Ecole des Ponts 
et Chaussess’ (School for Bridges and Roads), was established in 1747 and lead by Jean-Rodolphe 
Perronet. This was the first school for civil engineering and commercial interest drove it. 

Around 1765 Pierre-Marie Tresaguet (1716 – 1796), a graduate from this school, continued the 
developments that were pioneered by the Romans and designed pavement structures with sub-base 
layers composing of large rocks. The spaces between the large rocks were filled with smaller rocks 
to obtain a level sub-base surface. On top of this rock sub-base layer a base course layer of smaller 
sized rocks, still essentially a uniformly graded material, was constructed. At that same time 
Thomas Telford (1757 – 1834) from Scotland and John Metcalf (1717 –1810) from England applied 
similar design philosophies in Britain, independent from Tresaguet (see Figure 1). These type of 
road constructions were however quite expensive and difficult to built because of the large sized 
rocks used. 

A breakthrough in road building was established by John Louden McAdam (1756 – 1836), also 
from Scotland. McAdam’s philosophy was that the large-sized stone foundation was not required 
when a dense layer of smaller sized rocks, which would have sufficient inter-particle friction, was 
used. Probably without fully understanding why his pavement layer was so strong, McAdam used 
the principle of particle interlock to create strength and the principle of increased density to further 
enhance the strength of the layer. The higher density of the layer and the inter-particle interlock in 
the material was achieved innovatively by first spreading the coarser aggregate and then working 
fines into the voids between the coarser aggregates (Figure 1). Both dry and wet (waterbound) 
macadam existed, referring to the manner in which the fines were worked into the voids between 
the coarser aggregates. 

This process reduced the cost of the road construction significantly as the required thickness of the 
pavement structure reduced as well as obviating the need to work with large size rocks, which were 
not always plentiful. Due to its lower cost the ‘Macadam’ roads were favoured by many public 
authorities in Britain and soon thereafter in many other countries as well. With the advent the first 
mechanical crusher (in 1858 by Blake), as well as the development of the steam roller (in the 
1860’s) the quality of the macadam roads improved significantly and consequently gained more and 



more popularity in Europe and America (Horak). 

3. HISTORY OF MOTORISED COMPACTION EQUIPMENT 

Up until the 1830’s the construction of pavement structures was generally such that the material was 
placed, followed by some limited compaction effort, whereafter it was opened to traffic. Additional 
compaction occurred thereafter under traffic. It was around 1830 that horse drawn rollers were 
developed in France and used in the road construction processes. By 1860 steamrollers became 
available and they changed the face of road construction as the introduction of steamrollers had a 
significant impact on the level of compaction that could be achieved (Croney et al.). 

Since soil compaction is not only confined to road construction it is not surprising that equipment 
development also stemmed from other fields of construction. One such field is dam construction. In 
fact, lots of pioneer work in establishing understanding of the soil engineering properties has been 
carried out while constructing earthfill dams and other water retaining structures. Compaction, and 
so enhancing the impermeability and stability of the soil structures, is an important aspect in the 
construction of earthfill dams. 

At that time is was acknowledged that trampling cattle and sheep was effective in compacting soil. 
Around 1820 cattle and sheep were used in England to compact material in earthfill dams. This lead 
to the development of the so-called sheepfoot roller. This is essentially an ordinary roller with a 
studded drum to increase contact pressures. The initial size of the studs on the drum was larger that 
those used on present day sheepfoot rollers, but of similar shape. The sheepfoot roller was first 
patented in the United States in 1906. Sheepfoot rollers are very effective in compacting cohesive 
materials, without creating a smooth surface that could lead to delaminations, through which water 
could leak. This is an important consideration in dam construction. Sheepfoot rollers are often used 
in road construction to compact cohesive materials, especially in fills and selected subgrade layers. 

From the turn of the 19th century the developments in compaction equipment accelerated.  

Below a brief summary of the important developments is given (Schwartz): 
 By 1920 the sheepfoot roller had been developed to a size, which is now termed ‘light’. The 

mass was in the range of between 6,000 and 10,000 lbs (2.7 - 4.5 ton) and footprint pressure in 
the range of 60 to 100 psi (414 - 690 kPa); 

 By the late 1920’s the flat wheel steamrollers had been converted to internal combustion 
engines and had reached masses of up to 30 tons; 

 During the 1930’s small rubber tyred roller of 6 to 8 tons, often called the wobble wheel roller, 
came into use for compacting thin layers of base course and for smoothing and knitting the 
surfaces of compacted layers; 

 The present day ‘heavy’ sheepfoot rollers were developed in the 1930’s for the highway and 
earth dam construction. The roller had a mass of up to 30,000 lbs (13.6 tons) and could be used 
at footprint pressures of 300 to 600 psi (2070 to 4140 kPa). Subsequent developments in 
sheepfoot rollers have been concerned more with the shape of the foot and mechanical 
developments rather than the size of the roller; 

 Compaction by vibratory and dynamic techniques was developed in Germany during the 
1930’s. A self-propelled caterpillar type vibrating plate compactor with a total mass of 25 tons 
was developed as early as 1933. The developments in Germany produced the so-called ‘frog’ 
tamper just before World War II; 

 During the Second World War the technology required for airfield pavements resulted in the 
development of ‘heavy’ compaction equipment. During 1943-1944 the U.S. Army Corps of 
Engineers developed several rubber tyred rollers equipped with 24 tyres capable of being loaded 
up to 100 tons; 



 The first self-propelled and tractor towed vibratory rollers were constructed during the 1940’s. 
Since the Second World War the most significant development has been in the field of vibratory 
compaction. At present vibrating rollers feature very prominent in road construction and they 
are very effective in producing high density pavement layers. 

 
After the Second World War the use of vibratory rollers increased significantly. Where these were 
initially used for compaction of cohesionless soils only, they are nowadays also used to compact 
cohesive soils and asphaltic materials. A dynamic load or rapid successions of impacts are applied 
to the surface, which cause excitation of soil grains and thus reducing the internal friction of the soil 
significantly. This causes that the solid particles can rearrange more easily into a denser packed 
particle matrix when compared to static compaction. 

Another interesting development after the Second World War was the development of the impact 
roller. Impact compactors have non-circular drums with a high mass, which apply high energy 
impact compaction to the underlying material. This type of compaction is effective in deep in-situ 
subgrade compaction, thick lift fill compaction, treatment of collapsible soil and compaction of rock 
fill. 

4. THE NEED FOR CHANGE IN ROAD AND PAVEMENT ENGINEERING IN THE 
EARLY 20TH CENTURY 

During the latter part of the 19th century the majority of goods and materials were transported by 
rail. Long haul was solely the domain of railroad companies. Because of the strong position of the 
railway companies as freight transporters, combined with the fact that traffic loads were relatively 
low (light vehicles only) the structural capacity of the lower pavement layers such as subgrade and 
sub-base was never really challenged. This situation however, dramatically changed during the First 
World War when the importance of sufficient bearing capacity of roads became evident with the 
transportation of military goods and personnel by motor vehicle convoy. Never before were roads 
subjected to axle loads of this magnitude and the roads, which generally lacked sufficient bearing 
capacity, failed (excessive deformation) on a large scale  in the war affected regions. 

The introduction of the Model T Ford in 1908 signalled the beginning of the motor vehicle era. The 
generally easy reproduction of the relatively efficient internal combustion engine allowed mass 
production of various types of vehicles (light and heavy). Between the First and the Second World 
War the number of motor vehicles increased as a result of increased demand and lower unit prices. 
In South Africa the number of light motor vehicles quadrupled between 1921 and 1928 (Floor). 

Road networks at that time mainly consisted of isolated urban networks with no or poor inter-urban 
connections. A national road network was non-existing. It can be appreciated that motor vehicles 
brought tremendous freedom of movement and to exercise this freedom vehicle owners exerted 
pressure upon the various road authorities to expand the road network and to properly maintain it. 
Apart from the aforementioned, it was also realised how important the creation of road 
infrastructure was (and still is) to the economic development of a country. 

5. THE BASIS FOR SCIENTIFIC RESEARCH AND DEVELOPMENT OF TECHNICAL 
STANDARDS 

When the rate of road construction accelerated, it became clear that the established road building 
practices of Tresaguet, Telford and even McAdam were too expensive and time consuming to 
construct. It was evident that more effective use had to be made of existing natural gravel sources to 
provide cost effective pavement structures that would be able to carry the required traffic loading 
whilst remaining in an acceptable condition. This required a better understanding of the behaviour 
of unbound materials. 



With the increased expenditure of public funds on construction and maintenance of roads, more 
coordinated efforts were required to enhance the quality of road construction processes and ensure 
the quality of the deliverables. More attention was given to road design and technical standards and 
it was more properly investigated in what way money was best spent. This lead to full scale road 
tests being undertaken in order to evaluate and monitor the performance of pavement constructions. 
An interesting example of one of the first full scale tests is the Bates Road Test, which was 
undertaken between 1922 and 1923 in Illinois, USA. The Bates road Test comprised the 
construction of a test track, consisting of different pavement types (brick, asphalt and concrete), 
which were trafficked by old WWI trucks (see Figure 2). It was found that only one out of 22 brick 
section, three out of 17 asphalt sections and ten out of 24 concrete sections performed satisfactorily 
(American Concrete Pavement Association) 

 
Figure 2. Bates Road Test using old WWI army trucks. 

It was thus found that concrete pavements performed the best. The design was consequently 
selected as the preferred pavement structure and implemented in the road infrastructure expansion 
programme. It has to be kept in mind that the use of concrete pavements was costly and an example 
of over design on roads where low traffic volumes occurred, but it was the only pavement structure 
in which they had confidence at the time. The cost of pavement construction would only reduce 
once sufficient advances were made in the understanding of soil mechanics, which allowed more 
efficient use of natural gravel and graded crushed stone. That became the challenge of the following 
two decades when it became clear that compaction of pavement layers was of extreme importance 
in improving the bearing capacity thereof. 

It is remarkable that up until the late 1920’s there was little scientific research into the development 
of technical standards for pavement design and construction. At that time roads were generally built 
according to best practice and practical experience of the road engineers in a particular region. 
Although it was already known for a long time that increased compaction improved the 
performance of unbound materials, the theoretical understanding thereof was not yet sufficiently 
developed in order to enhance the pavement design and provide suitable standards. 

During 1928 and 1929 the California Highway Department undertook a study of their road network 
in order to asses the type of distress as well as the possible causes thereof. From this study it was 
determined that insufficient and variable compaction during construction was the primary cause of 
distress. It was further determined that the degree of compaction had a greater effect on the 
performance of the road than any other factor apart from materials that swell significantly upon 
wetting (material with a high clay content). It was furthermore determined that insufficient 
pavement thickness upon materials that had insufficient shear strength (inadequate cover on 
subgrade) was another factor resulting in distress. The main findings of this study resulted in a drive 
to better understand these two properties (Otte). 

After some unsuccessful attempts were undertaken to describe the shear strength of unbound 
materials, Porter developed the California Bearing Ratio (CBR) penetration test during the early 
1930’s. This test provided some indication of the shear strength of natural gravel materials. During 



the initial stages of the CBR test investigations the soil samples were compacted using static 
compaction. The compaction method of applying static pressure proved to be cumbersome and its 
availability was limited (Croney et al.). 

During that same time, but independent from the California Highway Department’s activities, R. R. 
Proctor, a field engineer for the Bureau of Waterworks and Supply in Los Angeles in California, 
conducted research into the relationships between density of soil, the compaction energy and the 
moisture content. Proctor published a series of four articles in the Engineering News Record 
concerning soil compaction in 1933. In these publications he introduced his so-called Proctor curve, 
the relation between moisture content and maximum dry density, which formed the basis of the 
Bureau’s  compaction control procedures and which is still in use today (Geosystems). The sample 
compaction procedure developed by Proctor for his test was adopted by Porter for the CBR test. 

Due to the simplicity of the equipment and procedure the Proctor test became widely used. The 
American Association of State Highway Officials (AASHO, later AASHTO) adopted the Proctor 
test and redefined it as the ‘AASHO standard laboratory method of test for the compaction and 
density of soil’ in their Standard Specification published in 1942. Soon thereafter the US War 
Department introduced the ‘Modified AASHO test’ (Proctor test with increased standard 
compaction energy). This arose from the need for a heavier standard compaction for airfield 
construction (Croney et al.). 

Another very important milestone in understanding the behaviour of soils was the development of 
the triaxial test by Casagrande, also during the early 1930’s. This test was developed to assess the 
shear strength of soils more accurately. The Texas Department of Transport was one of the road 
authorities that adopted the triaxial test to form the basis of their pavement design procedure. They 
developed the so-called Texas Triaxial Test, which was later adopted by other road authorities and 
used with great success. One such road authority was the Zimbabwean Ministry of Roads, who 
constructed its entire road network using natural gravels. 

6. THE EFFECT OF COMPACTION ON THE SHEAR STRENGTH AND STIFFNESS OF 
THE GRANULAR MATERIAL 

The Modified AASHTO density specification and the CBR test, formed the basis of the first 
pavement design curves developed by Porter and later the US Army Corps of Engineers. This was 
the first widely recognised pavement design method for unbound materials. The use of this design 
method and the use of the Modified AASHTO density specification lead to the construction of 
significantly improved pavement structures (Otte). 

The effect of compaction on the bearing capacity of a granular material is clearly shown in Figure 3 
by the relationship between the CBR and the density to which the material is compacted. It is 
important to note that for crushed stone the increase in shear strength as indicated by the CBR test is 
more rapid as the maximum achievable density is approached (note that the density in this example 
is expressed as a ratio to the maximum density of the aggregate and not with respect to a standard 
density like the Mod AASHTO density). This has important implications in practice insofar as the 
high strength is essential for pavement layers to withstand the modern day traffic intensity and high 
tyre inflation pressures. The compaction process must therefore be carried out duly and efficiently 
to achieve the required high density ensuring high strength. 

The pavement response improves when the density of the materials, and consequently its stiffness, 
is increased. Vertical deflections reduce significantly due to better load spreading ability and shear 
failure in the granular material occurs only at higher loading. This improves the load carrying 
capacity of the pavement. 



 
Figure 3. CBR vs. density of G1 crushed stone (Semmelink). 

Furthermore, because of the better load spreading ability of well compacted material, the same 
protection to the subgrade can be provided by a less thick pavement layers when these have a high 
stiffness (i.e. high density). The pavement structure can therefore be more economical and less 
demanding in terms of natural resources when the materials used are well compacted. 

The G1 crushed stone base layer is probably one of the vital layers in modern day high quality 
pavements in South Africa. Depending on the production rate, the cost of compaction only makes 
up approximately 10% of the total cost for a G1 quality base course, which also includes procuring, 
crushing, transporting, placing, labour and equipment, etc. At this relatively low cost the density of 
the G1 material is increased from approximately 70% ARD to 88% ARD, which corresponds to a 
seven fold increase in the strength (CBR) of the material (see Figure 3). This increased strength 
generally leads to increased pavement life and it can thus be deduced that a relative low investment 
in good compaction (high density) returns high value in terms of extended pavement life. 

7. CLOSURE 

Compaction was intuitively applied through history to improve the properties of soil. The need for 
proper compaction became crucial during the early 20th century, as a result of increased traffic and 
axle loads. A wide range of different types of compaction equipment was developed during the 20th 
century, with vibratory compaction that was gaining rapidly in importance in compaction of road 
pavement layers. The development of compaction equipment and techniques is still continuing 
today in order to further improve compaction, as it is one of the most important factors determining 
the performance of road pavement structures. 

Pioneer work in soil mechanics took place during the 1930. The CBR and Proctor test, and later the 
Modified AASHO test, were developed, which provided insight in the real effect of compaction on 
the strength of unbound materials. These standard tests became the most frequently used reference 
density specifications in road and airfield construction and still feature very prominently in today’s 
road construction specifications and design guidelines in South Africa and many other countries. 



The effect and value of compaction is not to be underestimated, as, at relatively low costs, 
compaction increases the load bearing capacity of soil, gravel and crushed stone pavement layers 
and thus the improves the design life of the entire pavement structure. 
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