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ABSTRACT: During the feasibility and planning stages of infrastructure projects, the early identification of
problem materials that could affect the project can save significant costs and/or redesigns later in the project.
As the potentially most problematic soils are those within the top 1.0 or 1.5 m of the soil profile, a mechanism
for evaluating these materials without preliminary field work and testing would be invaluable. Since 1971, the
Department of Agriculture has systematically mapped the soils covering the entire land surface of South Af-
rica, at a 1 : 250 000 scale (field scale 1:50 00). The mapping units are land types, which are defined as areas
that show a marked degree of uniformity with respect to terrain form, soil type and climate. These are (coin-
cidentally) the same criteria selected for a materials data bank for roads developed in the 1970s and must
therefore be of similar use in infrastructure and particularly road engineering. As the primary aim of the soil
maps was to provide information regarding the agricultural potential of the soils, comprehensive testing of
various properties has also been carried out.

Analysis of the Soil Maps and their accompanying information (freely available on a local web site) indicates
that they can be used to identify (in broad terms) the types of soils in any area under review, and many of the
accompanying potential problems. Soils such as potentially expansive materials are identified directly, poten-
tially dispersive soils can be identified through the exchangeable sodium ion contents provided and collapsi-
ble soils through widespread exposures of sandy and residual materials of low density. In addition, a general
assessment of moist areas and those with thick or thin soils or rocky outcrops, underlying dolomitic materials,
saline soils, etc, can be obtained early during any project, even before any site visit has been made. Being
forearmed with such information will often lead to avoiding the threat of unnecessary land expropriation, to
more efficient site investigations and more economical route alignment and to avoiding claims and delays
during execution of the project.

1 INTRODUCTION maps are readily available in electronic or hard copy

formats at a scale of 1: 250000 (ARC-ISCW
Th_e development of any infrastructure project re-  2007a). Each map is accompanied by a wide range
quires a good knowledge of the material and found-  of soil descriptors and properties conventionally
Ing conditions at the proposed site. This information  used for agricultural purposes as well as certain se-
1 often only obtained after the feasibility and plan-  lected engineering properties, e.g., Atterberg limits
Ning, and sometimes even after the preliminary de-  (Netterberg 2001). Many of the soil properties that

S1gn has been done. Between 1972 and 2002 the land  can have a bearing on their performance as sub-
types of South Africa were comprehensively  grade/foundation materials for development or pos-
Mapped over the whole of the country for agricul-  sibly even their use in construction are available or
Lura_l purposes. Individual land types are based on  can be roughly estimated for each land type pro-
taVlng a “marked degree of uniformity with respect  vided. '
I(‘%Ctt’.rram form, soil pattern and climate” (ARC- A slightly different version of the soil maps based
v W 20072.1). It should be noted that the land type  on broad pedological groupings (more than the land
di?ﬁf result in the same intent, although the method  types of the ARC-ISCW) is presented by Harmse &
197 lrsi\las the requirements outlined in TRH2 (NIRR  Hattingh (1985). The soils identified on the accom-
IYpC‘s’ ITRR 1.978). Although mapping of the land  panying map (1: 6 000 000 scale) can, however, be

Was carried out at a scale of 1:50 000, the used in the same general way as those described in
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this paper, although less detail relating to the indi-
vidual soil types is provided in the text of Harmse &
Hattingh.

Although the mapping (and associated soil analy-
ses in the case of the ARC-ISCW data) have been
carried out with the purpose of indicating the poten-
tial of the soils for agricultural use, this information
can prove very useful for engineering purposes. The
value (and shortcomings) of this information was
highlighted by Brink et al (1982). Fanourakis (1991,
1999) carried out research into the assessment of soil
properties for civil engineering applications from the
pedological data provided in the ARC land-type
maps and profiles. Netterberg (2001) also high-
lighted the potential application of soil science in
civil engineering. The findings and recommenda-
tions of these researchers have, however, never been
extended or implemented to any extent in the civil
engineering industry in South Africa.

In this paper, the application of these maps and
their accompanying soil data as a preliminary indica-
tor of the common problem soils for civil engineers
is discussed. Aspects such as material thicknesses
and depths and the classification, mineralogy and
properties of each of the materials, the presence of
problem soils (expansive, dispersive, saline, etc) and
certain basic road engineering properties (e.g., soil
strength) can be quickly obtained to assist in identi-
fying optimum site planning and cost-effective field
investigations. The maps are potentially useful for
providing a number of other useful geotechnical
properties, but these are not discussed in this paper.
They have been identified separately (Paige-Green
& Turner 2007).

Although the overall results should be used only
as preliminary indicators for planning projects, the
typical types of problems that can be expected as
well as issues such as the likely availability of con-
struction materials can be identified during the early
stages of projects. This information can have a sig-
nificant impact on the final project design.

2 SOUTH AFRICAN LAND TYPE MAPS

Detailed or semi-detailed soil maps would be a first
choice information source in civil construction pro-
jects but, with the exception of certain metropolitan
areas of the Western Cape and Gauteng Provinces
(ARC-ISCW 2007b), detailed soil maps are seldom
available. However, land type maps, with complete
coverage of South Africa, provide a useful alterna-
tive soil information source. The fundamental map-
ping unit of the South African land type maps 1s
based on a combination of the topography, climate
and soil pattern. Twenty eight (28) Broad Soil Pat-
tern Groups were chosen as the basis for the soil
mapping which, when combined with the topogra-
phy and climate gives the land type. Soils are classi-
fied according to Soil Classification: A Binomial
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System for South Africa (MacVicar et al 1977) and
reported in the soil and terrain inventories as Soil
Forms and Series. Modal profiles have been de-
scribed representing the dominant soils of most land
types and samples of each horizon taken for analy-
sis. It should be noted that the Binomial System has
subsequently been revised and Soil Forms and Fami-
lies are now used (Soil Classification Working
Group (SCWG) 1991). The Soil Family criteria have
not yet been applied to the maps.

The maps are printed as 1° x 2° sheets at a scale
of 1:250 000 with accompanying memoirs and are
available from the Agricultural Research Council
(ARCQ), Institute for Soil, Climate and Water (ISCW)
in electronic or hard copy formats. They can also be
accessed directly on the Department of Agriculture
web-site (http://www.agis.agric.za/agis). The soil
analysis test results are provided in land type mem-
oirs (ARC-ISCW 2007a) or through the ARC-ISCW
Soil Profile Information System (ARC-ISCW
2007c). Land type soil data are provided as invento-
ries, of which there are some 7 200 comprising
about 65 000 soil components. The memoirs include
about 2 500 modal profiles for which comprehensive
soil analysis data are available for the various hori-
zons. Examples of a portion of a land type map and
a typical extract from the accompanying Memoir are
given in Appendix A.

In addition to this conventional soil property in-
formation, data related to the topography, climate
and parent geology is available. Land type modal
profile data (point data) has been extrapolated using
spatial modelling techniques to illustrate the spatial
distribution of soil property values over South Af-
rica. Maps illustrating, for example, the distribution
of soil pH, cation exchange capacity and the poten-
tial for erosion (predicted soil loss) are accessible on
the AGIS (Agricultural Geo-Referenced Information
System) website as the Natural Resource Atlas
(AGIS NR Atlas 2007). Used in combination with
land type survey data these maps and data sources
provide very useful information for the road design
engineer.

3 INFORMATION AVAILABLE

Essentially, the printed maps and memoirs provide
the basic data. A much wider range of interpretive
maps is provided on the website and the two sources
of information are discussed separately below.
When using land type information, an apprecia-
tion of the underlying variability of natural materials
and the scale of the published information source
must be maintained. Although the mapping units arc
clearly differentiated on the maps significant differ-
ences in the depth and nature of the soils can occur
over relatively short distances. A strong materials OF
engineering geological background with some €X-
perience in soil mapping, profiling and terminology
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is thus essential to gain maximum benefit from the
use of this information in infrastructure engineering.

3.1 Printed maps

Besides the general topo-cadastral information pro-
vided, the maps identify the broad soil patterns in an
area. Other than general properties such as the pres-
ence of vertic (swelling) or thin soils, this alone is of

little use to the engineer. However, when combined
with the information on the soil and terrain inven-
tory data for the land types and the modal profile
data provided in the memoirs, significant useful in-
sight into the materials in the area can be obtained.
The information in the soil and terrain data sheets is
mostly spatial (area and depth) and that applicable to
and useful in geotechnical engineering is summa-
rised in Table 1.

Table 1 Information available from land type soil and terrain inventory data and its potential application to

geotechnical engineering

Available (and useful) soil information

Potential application or indication

Terrain information:

unit as a percentage of the land type

Slope classification and definition
(slope angles, shape and lengths of terrain units, terrain

Indicative of possible areas for borrow pit and quarry lo-
cation

Mechanical limitations to ploughing

Excavatability, stoniness, soil thickness

Areal percentage of rock outcrop

Potential excavation problems, possible quarry materials

Soil form

Nature of the general soil properties, including surface or-
ganic matter, internal soil drainage, presence of temporary
or permanent wetness, general soil mineralogy and expan-
siveness, soil permeability and stability to erosion, and na-
ture and composition of underlying materials

Soil series

A more detailed expression of the properties as expressed
in the soil form, but extended to additional properties in-
cluding base status and cation exchange properties as pos-
sible indicators of soil stability, clay content and dominant
sand grade as indicators of texture. Also indications of
depth of soil, excavatability (MB), general soil properties
and hardpan (plinthite) materials

Depth limiting material

Subgrade materials, location of rock or hardpan,

Clay content and soil texture

Soil type

Geology

Potential problematic material types, dolomite, shale, ba-
sic crystalline rocks, etc

It should be noted that the information provided
by the maps and accompanying documents is based
on the upper 1 200 — 1 500 mm of the soil profile
unless hard saprolite or rock is reached before this.
Although this is not necessarily deep enough for all
geotechnical work, it is certainly a good indication
of the likelihood of potential problems and the pres-
ence of deep soils and is highly applicable to light
engineering works such as foundations for houses,
light structures, roads, canals and reservoirs (Jacobs
& Van Huyssteen 1996). For foundations for large
Structures, the normal drilling programmes will still
be_necessary — however, knowledge of the “surface”
soil conditions can often assist in optimising the lo-
cation of test pits and drilling sites.

The contents of the modal profile data are
equa]ly,‘ if not more, useful. The information in-
Cluded_m these profiles is summarised in Table 2.
€ soil profile descriptions used in pedological pro-
A ng differ from those conventionally used in soil
e flﬁlc‘fefmg. (Jennings et al 1974), although they do

€ moisture, colour and soil type. Descriptors

fili
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for soil structure and consistency are provided but
differ from conventional soil engineering defini-
tions.

The particle size distribution results have been
determined on a small 100 g sample and are thus
only representative of the soil matrix. They do,
however, together with the percentage retained on
the 2 mm screen (where provided) and the soil de-
scription in the modal profiles indicate the general
nature of the materials. Fanourakis (1991) compared
the results of the soil gradings provided in the Mem-
oirs with those from conventional geotechnical test-
ing and concluded that the engineering grading char-
acteristics could be estimated from the pedological
grading to a significant degree of reliability. Fan-
ourakis (1991) also attempted to estimate the plastic-
ity characteristics from the pedological properties
with mixed success. However, Atterberg limits have
been determined on many of the profile samples and
although not published are obtainable through the
ARC-ISCW Soil Profile Information System.




Table 2. Information available from modal profile data

Profile Site Description

Soil Form and Soil Series

Water table

Occurrence of flooding

Surface rockiness/stoniness

Erosion (type and classification)

Underlying material

Weathering of underlying material

Profile Soil Description

Profile depth of layers

Profile depths, soil fractions and clay mineralogy

Soil Analyses

Organic carbon

Cation exchange capacity (CEC)

Exchangeable sodium or Exchangeable Sodium Percentage (Exchangeable Na*100/CEC)

pH

Resistance or Electrical Conductivity of Saturation Extract (EC)

Particle size distribution — Clay, Silt and Sand Contents

Soil fertility properties: Phosphate, Ca, Mg, K, CEC Soil acidity values

Soil colour can be a useful indicator of its proper-
ties Jacobs & van Huyssteen (1996). Red soils (eg,
Hutton Form) are usually the result of hematite and
are indicative of well-drained, highly weathered
soils. Soils that have a yellow-brown colour usually
contain goethite, which is indicative of higher rain-
fall areas with a cooler climate. Grey soils are often
indicative of an excess of soil water.

3.2 Web-based maps

The land type maps on the website provide the basic
soils information but do not have the narrative data
and test results given in the memoirs in an easily ac-
cessible form. It should also be noted that these
maps use the revised soil patterns, with grouping of
certain patterns and thus less homogeneity of the
soils within the pattern. These maps have advantages
in that the scale can be altered at will such that users
that do not have access to geographic information
system software can make on-screen adaptations to
the map scale. Various other useful layers (e.g.
roads, rivers, farm boundaries, climatic data, etc) can
be added or removed as required. Engineers regu-
larly requiring the land type information should con-
sult ARC-ISCW concerning the original information
source (ARC-ISCW 2007a).

The website does contain a number of small-scale
derived maps published as the Natural Resources At-
las (ARC-ISCW 2004) indicating potentially prob-
lematic materials. Although derived for agricultural
purposes the following maps can provide a general
indication of the possible local problem conditions:

- Soil susceptible to water erosion
- Soil susceptible to wind erosion
— Potential shifting sands
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- Potential for soil regeneration if badly eroded
- Soils with textural contrast

— Soils with poor or impeded drainage

— Swelling clays

— Saline and sodic soils

A typical example of the map provided for swell-
ing clays is shown in Figure 1.

Figure 1: Example of swelling clay map provided on
AGIS web-site

4 USE OF THE MAPS

In order to obtain maximum benefit from the maps
they should be used in a systematic and structured
way, in conjunction with other conventional infor-
mation. The proposed site or route should initially be
plotted on the map and its relation to the topography,
surface water and the broad soil patterns established.




Particular note should be made of problems in these
regards that could be avoided by realigning the
route,

Once the route alignment is confirmed as being
the optimum, closer inspection of the broad soil pat-
terns should be made. The fewer the soils being
traversed, the more likely that the material will be
reasonably consistent and less preliminary field in-
spection and subgrade centre-line survey will be re-
quired. A more detailed assessment of the soil types
which the road will traverse can then be made. The
soil types alone will provide useful information.

Reference to the Memoirs can then provide de-
tailed information on the local geology, terrain, ma-
terials and their properties in terms of the following
problem soils:

4.1 Expansive soils

Vertic soils are currently defined by having a Plas-
ticity Index (PI) > 32 (SCWG 1991). The lower limit
for very high heave identified by van der Merwe
(1964, 1975) was a weighted PI of 32%. Thus for
fine materials with 100% passing the 0.425 mm
sieve, the limit is the same. For materials containing
increasing quantities of material coarser than 0.425
mm, the weighted PI will decrease correspondingly.
Any material identified on the land type map as a
Vertic soil should however, be considered as likely
to have expansive properties. These land types in-
clude soils of the Rensburg and Arcadia Forms and
should be noted early in the project (feasibility
and/or planning stage), with the potential for looking
at relocation or realignment of the facility where
possible.

Soils with a Melanic A horizon are defined as
those, which among other attributes, have a Plastic-
ity Index of less than 32%. There is thus a good
chance that those soils in the higher range (particu-
larly if the majority of the material is finer than
0.425 mm) could also be sufficiently expansive to
give problems and soils classifying as such should
also be assessed in more detail.

Other soil forms, however, not defined by their
\{ertic or Melanic topsoil horizons but by subsoil ho-
rnzons with high clay contents, high base exchange
Status’ and which contain smectite clays also need to
be assessed for their expansive properties. This in-
formation can be obtained from the Profile Descrip-
tons and layers containing these types of soil war-
rant detailed investigation at the design stage.

’ . - *
4.2 Dispersive soils

E{::t];ﬂsive soils can lead to catastrophic fgilures of
N embankment dams as we]l as severe distress of
o hiellllﬂ?ankm‘ents. These soils contain c]ays'that
B 80 1 sodium such that the individual particles

Pl each other to a stronger degree than the van der

k
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Waals forces of the particles to attract each other.
Thus soils with high exchangeable sodium contents
are normally considered to indicate potentially dis-
persive soils. Although there is still considerable de-
bate regarding the positive identification of disper-
sive soils the use of the Exchangeable Sodium
Percentage (ESP = Na+t/Cation Exchange Capac-
ity*100) can certainly give a first indication of po-
tential dispersive problems. It is suggested that the
presence of an ESP greater than 10% should be re-
garded as a warning (Elges 1985) and additional
testing should be carried out on such soils. Gerber &
Harmse (1987) indicate that the limit changes with
the clay mineralogy, indicated by the Cation Ex-
change Capacity (CEC) but that all soils tested with
ESP values higher than 15% were highly dispersive.

The determination of the cations in the Saturation
Extract of the soils has been carried out for soils
with resistances of the saturated paste of less than
460 ohms. From these, the Sodium Adsorption Ratio
(SAR) calculated as SAR = Na/v[0.5(CatMg)] can
be calculated and materials with values of greater
than 2 (Bell & Walker 2000) should be investigated
further for potential dispersivity. Unfortunately, only
few of the samples have had their saturation extracts
tested.

The results required to determine ESP and SAR
(when available) are provided in the soil profile data
and need to be calculated for each material. How-
ever a cursory inspection of the sodium and resistiv-
ity results (high values of sodium and low values of
resistivity are immediately recognisable compared
with the typical values of most materials) will usu-
ally indicate whether the data needs to be processed
further.

Should any dispersive soil problems be sus-
pected, it is recommended that the battery of tests
(CEC versus ESP, crumb test, SAR, pinhole test and
Total Dissolved Solids versus percentage sodium) be
determined as suggested by Bell & Walker (2000)
and the potential dispersivity of the material rated
accordingly.

4.3 Collapsible soil

Soils with high single sized fine sand contents, silty
sands or clayey silts (eg, deep Regic soils, some re-
sidual granites, arkoses and “dirty” sandstones and
various other residual or transported materials) indi-
cate potentially collapsible materials. Fine silty or
sandy soils with high feldspar and/or kaolin contents
in drier areas may also be potentially collapsible.

It is noted (SCWG 1991) that certain soils in the
E horizon are prone to having a high dry strength but
fail under load when wet. These are thought to re-
semble “fragipan” soils of other classification sys-
tems, a descriptive term implying their collapsibility.




Netterberg (2001) has recorded that most of the
highly weathered ferralitic (clay fraction SiO»/AlO;3
molecular ratio < 1.3) and fersialitic (clay fraction
Si0»/Al,0; molecular ratio 1.3 to 2.3) soils are
likely to have collapsible grain structures. These
would include the widespread dystrophic to mesot-
rophic, fine sand and silt textured Hutton and Clov-
elly soils. They are readily recognised by their uni-
form red or yellow-brown colours respectively and
weak or apedal structure.

4.4 Sdline Soils

The presence of saline soils under roads and struc-
tures can result in significant problems. These mate-
rials have a high soluble salt content of which so-
dium often comprises only a modest proportion but
can result in the crystallisation of soluble salts in the
top of base courses in roads leading to loosening of
the compacted base course and beneath road surfac-
ings leading to blistering and cracking of the bitumi-
nous seals. The materials discussed in this section
are predominantly chlorides and hydrogen carbon-
ates, with the soluble acid sulphates being discussed
separately in the following section. The latter are
generally more common in soluble slat problems in
southern Africa, although a number of chloride
problems have been reported (Roads Department,
2001).

Salts can originate from the in situ natural soils
beneath the structures as well as from introduced
material or saline construction water. This discus-
sion only refers to the former situation.

The soil profile information provides an indica-
tion of the electrical resistance of many of the soils.
In the conventional road engineering context (and
application to other infrastructure developments),
the identification of possible soluble salt problems is
based on the pH and conductivity of the materials.
The pH and the electrical resistance (which is the in-
verse of the conductivity) are provided in the soil
profile data (ARC-ISCW 2007c¢). Although the tech-
niques and the fractions tested in conventional pe-
dological and engineering investigations differ,
which could result in some differences in the results,
a general assessment of any potential problems with
respect to saline soils can be obtained. As a first in-
dication, where the electrical resistance is less than
460 ? and the pH is greater than 7.0, the materials
should be investigated further for their likelihood of
presenting soluble salt problems. The limit is loosely
based on that for pavement layers (selected subgrade
to base) proposed by Netterberg (1979), but is
probably equally useful for in situ subgrade materi-
als (Roads Department 2001), especially for thin
pavement structures.
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4.5 Acid sulphate containing materials

Natural soils containing acid sulphates are of limited
extent in South Africa, and are probably located in
peat lands that on drainage produce deleterious acid-
ity as well as in semi-arid to arid areas prone to high
evaporation (Roads Department 2001). Unconsoli-
dated rock derived materials may contain sulphides
or weatherable sulphate minerals that are potential
sources of acidity or hydrated sulphate minerals with
negative impacts on stabilized layers and concrete
structures and the potential for soluble salt damage
to road structures. Similarly, acid waters derived
from certain sulphide containing materials can attack
chemically stabilized soils and concrete structures.
Initial recognition of the soils is probably through
the wet lowland positions with high organic matter,
while that for the unconsolidated rock derived mate-
rials is via their mineralogy. There is no reference
made in the land type memoirs to any of the anions,
particularly sulphates, which can cause damage to
concrete or soluble salt problems. However, it is
recommended that for materials with a resistivity of
less than 700 ?, qualitative testing for sulphate
should at least be carried out, followed by determi-
nation of the acid soluble sulphate content if the
qualitative test proves positive. The limits described
by Netterberg (1979) can probably be applied to ce-
ment and lime stabilized layers to prevent acid dam-
age to the stabilization products.

4.6 Compressible soils

Soils with poor or impeded drainage indicate poten-
tially compressible materials, subject to significant
settlement under road and/or traffic loading. When
more than 40% of any land type consists of soils
classified as Champagne (Ch), Rensburg (Rg), Wil-
lowbrook (Wo), Katspruit (Ka), Kroonstad (Kd),
Estcourt (Es), Longlands (Lo), Wasbank (Wa), Car-
tref’ (Cf) or Lamotte (Lt) the potential for wetland
compressible soils should be noted.

These materials require extreme care during con-
struction of embankments over them as their shear
strengths are low and they have a high potential for
settlement, which, depending on their thickness, can
require carefully designed countermeasures.

4.7 Dolomitic soils

Soils developed on dolomite have unique problems
that are best identified from standard geological
maps. Development on dolomite requires special in-
vestigations, carried out by specialists in dolomitic
terrain investigations. Infrastructure development on
dolomite will usually have identified the potential
problem and need for expert investigation early in
the project and the need for soil maps is thus redun-
dant in most cases.




4.8 Soils prone fo liquefaction

Soils with high silt contents or high clay sized com-
ponents (< 0.002 mm) but which are predominantly
quartz with minimal clay minerals can indicate ma-
terials potentially prone to liquefaction. These mate-
rials lose shear strength rapidly as a result of vibra-
tion, which causes a temporary increase in pore
water pressure. Although South Africa is not a par-
ticularly earthquake prone area, the possibility of
liquefaction adjacent to mine and heavy industrial
areas cannot be excluded.

4.9 General

Information regarding a range of other potential
problems and material properties can also be gleaned
from the soil maps. These include:

Presence of high water table

Presence of organic material (interfere with
stabilization)

Depth to bedrock and/or excessive large
stones

Excavatability

Potential material sources

A detailed and knowledgeable examination of the
properties provided with the land type maps should
provide a lot of useful information regarding the
depths and qualities of the soils/materials and should
be used as often as possible. It should, however, be
noted that the information on the maps and accom-
panying data is of a fairly general nature (consider-
ing the inherent variability of geological materials)
and should be used as a preliminary indicator, not
replacing a proper engineering geological investiga-
tion and laboratory testing. It can, however, be
beneficially used to optimise the field investigation
and minimise the field and laboratory testing.

5 CONCLUSIONS

Information currently available on the land type and
soil maps for South Africa can be invaluable for the
Identification of problem subgrade soils and for the
preliminary route location of new roads and other in-
frastructure (eg, pipelines, railways, etc). This cost
effective information source offers potential
throughout the project planning cycle and 1s cur-
rently underutilized by engineering geologists and
hgmeers. It must however, be accompanied by
Sound engineering geological experience, examina-

ton and practice in order to achieve the optimum
benefits_
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