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A mathematical model for
determining engineering
soil classifications from
pedological data

G C Fanourakis

Various pedological soil classification systems exist worldwide, including an internationally
accepted system and various national systems, many of which have been incorporated into
databases that include maps. Various physical and chemical soil properties are used for
classifying soils according to these pedological systems. This paper proposes an approach
which may be used to determine the engineering properties of soils from the physical and
chemical properties that are used to pedologically classify soils by systems, and, in particular,
the South African Binomial System. These engineering properties include the USCS and

AASHTO classification groups which may, in turn, be used as a means of rapidly determining the
general suitability of areas for proposed development, particularly during the reconnaissance
investigation stages of transportation route locations and township developments, with a
resultant saving of time and money. The model was verified using data from the study area, as
well as from an area located approximately 190 km from the study area. A total of 88% of the
classification groups determined by the model, in the study area, were correct. Furthermore,
only 6% of the classifications were incorrect by a maximum of two groups. The classifications

determined for the soils outside the study area were all correct.

INTRODUCTION

Pedology and pedological
classification systems

Pedology is a branch of soil science
which deals with the scientific study of
soils, without a view to any particular
application.

A number of pedological soil classifica-
tion systems have been established globally,
which are used as a basis for soil maps.
These include an international system
and many national systems, as detailed by
Fanourakis (2012).

The international system is the World
Reference Base for Soil Classification
(IUSS-WRB 1998; 2006; 2007; 2015). This
system has been translated into a number
of languages, including Arabic, German,
Polish, Russian, Slovak, Spanish and
Turkish (IUSS-WRB 2015). This system
is available in Portable Document Format
(pdf), as well as a Mobile Application (App)
for Android, Apple and Windows mobile
in English for certain countries or regions
(FAO 2021). This App is currently not
available for South Africa.

Three versions of the South African

pedological classification system have

been developed from 1977 to 2018
(Fanourakis 2012).

The commonly used South African
Classification System is the older version,
titled “Soil Classification: A Binomial
System for South Africa” (MacVicar et al
1977). An overview of this classification is
given by Fanourakis (2012). This system
has been used as a basis for soil mapping in
South Africa.

According to Calitz (2021), the older
Binomial Classification System (after
MacVicar et al 1977) and the latest Natural
and Anthropogenic System (SCWG 2018)
are the most useful with regard to the
nature and behaviour of soils for geotech-
nical purposes.

Pedological databases
Various international, regional and national
databases comprising pedological, climatic,
topographical and other information have
been developed, as detailed by Fanourakis
(2012). The South African database, which
is known as the Land Type Survey, was
compiled by the Institute of Soil Climate
and Water (LTSS 2021).

The soil data included in the Land Type
Survey of South Africa (LTSS 2021) shows
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maps based on the Binomial Classification
System (after MacVicar et al 1977) and
accompanying memoirs which contain,

in decreasing detail, information on the
soils, terrain, geology and climate. The
soil information comprises soil profiles, as
well as quantitative physical and chemical
information of the soils with their repre-
sentative profiles (termed modal profiles).
Comprehensive details on the data includ-
ed in the Land Type Survey are discussed
in Fanourakis (2022).

From the above it is evident that a
significant amount of pedological clas-
sification and mapping has been conducted
worldwide. This data is used extensively
and successfully primarily for the optimisa-
tion of the utilisation of agricultural land
for crop production — so much so that
pedology is often incorrectly regarded as
part of agricultural science. It would be
obviously beneficial if this data could bene-
fit the engineering profession as well.

Objectives of this paper

This paper proposes a model to establish
the engineering soil classifications, in
particular the USCS and AASHTO, from
pedological data.

A research area was identified and the
soils in this area were classified according
to the South African Binomial System.
Samples were taken from the study area
and tested for their grading, plasticity and
chemical characteristics.

The grading results were used to
establish a procedure for determining the
engineering sized grading from the pedo-
logical grading sizes. This procedure was
required as the methods, sieve sizes and
soil separate boundaries used for pedologi-
cal purposes differ from those adopted for
engineering in South Africa. In addition,
the pedological soil separates are expressed
as a percentage (by mass) of the fraction of
the soil finer than 2 mm and not the entire
soil, as done for engineering purposes.

The grading, plasticity and chemical
properties were used to establish rela-
tionships that enable the determination
of the plasticity characteristics for the
pedological classification types included in
the research.

Based on the findings of this research
project, a mathematical model was
developed to determine the engineering
properties of a soil from the quantitative
and qualitative pedological data. The inputs
to this model are the physical and chemi-
cal properties of the soils of the various

horizons as established for pedological pur-
poses and supplied, for example, as part of
the modal profile data recorded in the Land
Type memoirs or stored in the databank
established by the Institute for Soil, Climate
and Water (LTSS 2021). The engineering
soil properties (output by the model) include
grading and plasticity properties, and the
USCS and AASHTO classification groups,
which may be used in the initial planning of
a wide range of soil engineering-related proj-
ects such as transportation route alignment
and township development. The model is
intended to supplement information at the
reconnaissance phase of proposed projects
by assisting in identifying relatively favour-
able or unfavourable soils.

The model was verified using data from
the study area, as well as from an area
located approximately 190 km from the
study area.

RESEARCH PROCEDURE

Research approach

A study area was selected as the basis for
collecting data, which, in turn, was appro-
priately analysed and was incorporated into
the proposed model to determine engineer-
ing properties from pedological data.

Research area

The area studied, which is located approxi-
mately 150 km northwest of the city of
Rustenburg in South Africa and is approxi-
mately 4 200 km?2 in extent, lies to the
south of the confluence of the Crocodile
and Marico Rivers. The area was selected
for its diversity of soil types.

Geology

According to the Council for Geoscience
(1974) Geological Series Map 2426
Thabazimbi, Scale 1:250 000, the study
area may be generally divided into three
regions of varying geology.

The western region is underlain
predominantly by rocks of the Transvaal
Supergroup, together with rocks of the
Ventersdorp Supergroup and Bushveld
Igneous Complex.

The central region is underlain by
rocks of the Archaean Complex compris-
ing a granite basement with inliers of the
Swaziland Supergroup.

The northern region is underlain by
rocks of the Olifantshoek Supergroup
(Waterberg Group) with Post-Waterberg
diabase intrusions.

Journal of the South African Institution of Civil Engineering  Volume 64 Number1 March 2022

Tertiary and quaternary deposits are
present throughout the study area, occur-
ring mainly in the central region.

The soils investigated in this project
A number of soil types occur in the area,
differing from one another as a result

of different parent materials and/or the
different soil-forming processes to which
they had been subjected. The research was
confined to the dominant soil series which
adequately cover the range of soil types
occurring in the area. Although most of
the soils were transported, there were some
of residual origin.

Five soil forms were selected for the
research. These are the Hutton, Shortlands,
Valsrivier, Swartland and Arcadia forms,
which are respectively shown in the
typical photographs (with the associ-
ated horizon types) in Figures 1 to 5 in
Fanourakis (2012).

The correlations of the soil series select-
ed with the World Reference Base (WRB)
are included in Fanourakis (2012).

Fieldwork

The soils at 63 randomly selected sites
within the study area were classified
according to the South African Binomial
System (after MacVicar et al 1977), on the
basis of observing the soil profile in the
trial pits and the various horizon-based
series differentiation criteria. Such criteria
are detailed in Fanourakis (2012).

A total of 99 disturbed soil samples,
taken from the horizons of these soil pro-
files, were tested to determine the physical
and chemical properties that are used as
criteria for pedological classification. As
the physical and chemical properties of C
horizons are not reflected in the pedologi-
cal classifications of profiles which contain
C horizons, C horizons were not sampled.
Details of the methods of analysis and
results, as well as brief discussions on the
significance of each property determined
are given in the work of Fanourakis (1999).

In addition, the Atterberg Limits and
linear shrinkage of each sample were deter-
mined in accordance with TMH1 (1986).

The series encountered in the study
area, the percentage of the possible series
considered, the number of soil profiles
classified and the number of samples tested
for the determination of their plasticity
properties for the soils of each form are
shown in Table 1. All the possible series of
the five soil forms considered did not occur

in the study area.



Table 1 Percentage of series considered and number of profiles classified and tests conducted

m Details of this research

Percentage of Number of profiles | Number of plasticity
series considered classified tests conducted
25 28 48

Hutton

Shortlands 22

Valsrivier 42

Swartland 17

Arcadia 8
ANALYSIS

Determining engineering
grading characteristics from
pedological grading

Engineering grading characteristics
The grading characteristics used as criteria
for the classification of a specific soil horizon
for engineering purposes according to the
USCS (USAEWES 1960) and the AASHTO
systems (HRB 1945) include the following:
B Masses of the fractions finer than
2.0 mm, 0.425 mm and 0.075 mm
(by mass) (P2.0 mm, P0.425 mm and
P0.075 mm), respectively.
B Alan Hazen’s Coefficient of Uniformity
(C,) (Taylor 1948) and the Coefficient of
Curvature (C).

Grading data incorporated in
the Land Type memoirs
Grading data, determined by the physical
analysis of a soil horizon for series identifi-
cation purposes and presented in the format
used in the Land Type memoirs cannot be
used directly to classify a soil in accordance
with either of the engineering classification
systems above. This is due to the following:
B The method of particle-size analysis
used by the Institute for Soil, Climate
and Water to establish the grading
data for inclusion in the Land Type
memoirs is that described by Day
(1965), with modifications discussed in
Fanourakis (1999). This method differs
from methods employed by laboratories
performing grading analyses on soil
samples for engineering classification
purposes. These differences include the
adoption of sedimentation principles
(instead of sieve analysis) to determine
the grading of the fraction finer than
0.02 mm and 0.075 mm for pedological
and engineering purposes, respectively.
Furthermore, the pedological method
prescribes procedures for the removal of
organic matter (by oxidation with 30%

3 4
1 23
4 7
17 17

H,0,) and destroying of carbonates
(with 2 mol/l HCI).

B The pedological soil separate size
limits do not correspond to those used
to determine the engineering grading
characteristics.

B The masses of the pedological soil
separates are expressed as a percentage
of the mass of the fraction finer than
2.0 mm and not as a percentage of the
mass of the total sample as is done for
engineering purposes.

Method used for the determination

of pedological grading data

The physical analyses of the soil samples
included in this project to obtain those
grading characteristics necessary for series
identification in accordance with the South
African Binomial Classification System
(MacVicar et al 1977) were performed as
described by Day (1965), with modifica-
tions as discussed in Fanourakis (1999).

To determine the particle-size distribu-
tion of the fraction finer than 0.053 mm,
the hydrometer method was used in
this project whilst the pipette method is
employed by the Institute for Soil, Climate
and Water (LTSS 2021). Since Day (1965)
specifies both methods as alternatives, it
seems reasonable to assume that the results
obtained for this project would essentially

be the same as would have been obtained
by the Institute for Soil, Climate and Water
on the same samples (LTSS 2021).

Procedure developed to estimate
engineering grading characteristics
from pedological data
A computer program to calculate values for
the grading characteristics which are used
for the classification of a soil for engineering
purposes from pedological grading data as
recorded in the Land Type memoirs was
written in BASIC (Beginner’s All-purpose
Symbolic Instruction Code) computer pro-
gramming language. A listing of the program,
as well as the linear interpolation-based pro-
cedure followed, is given in Fanourakis (1999).
The methods used by commercial labo-
ratories for determining the engineering
grading characteristics of a soil differ from
the method used by laboratories to deter-
mine the grading characteristics of a soil
for pedological purposes (Fanourakis 1999).
Hence, nine identical specimens of five
soil types, representative of the range of
soil types sampled, were submitted to nine
commercial engineering soils laboratories
for the determination of their engineering
grading characteristics. The grading analy-
ses determined by the different laboratories
and details on the test methods and dis-
persing agents used by each of the laborato-
ries are included in Fanourakis (1999).
Table 2 lists in parallel, for each soil
type, the mean value of each grading
characteristic (P2.0 mm, P0.425 mm,
P0.075 mm) determined by the nine com-
mercial engineering laboratories, on the
one hand, and the corresponding charac-
teristics estimated from pedological data
using the program developed, on the other.
The paired values were compared and
the null hypothesis assumed. The five per
cent significance level was adopted.

Table 2 Paired comparisons and corresponding t-test results

Grading characteristic

Sample number

Average Average Average
of tests of tests of tests
99.3 98.0 70.6 79.3

BC3A 204 33.5
AATA 98.5 99.0 721 66.0 37.8 46.0
DB28B 99.1 99.0 82.0 824 52.0 57.7
AC3 98.0 97.0 80.7 62.5 53.7 469
AC2 989 98.0 86.8 89.8 684 764
Level of significance (P) 16.6 % 62.4 % 16.6 %
Difference significant? No No No
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As a result of the fact that any significant
departures from the null hypothesis in either
of two directions (increase or decrease) were
important, the two-tailed t-test was applied
to the paired comparisons for each grad-
ing characteristic to establish the level of
significance. If the null hypothesis is true, the
critical t-value will follow a t-distribution with
(n-1) degrees of freedom. The significance
levels (P) which are the probabilities of differ-
ences of such magnitudes arising by chance,
as determined by each of the two-tailed
t-tests, are given in Table 2.

Referring to the levels of significance (P),
it is evident that the difference between the
paired values for each grading characteristic
is not significant. The value of the lowest
level of significance established (16.6%)
resulted from the t-tests performed on
paired values for the five soil types, in the
case of the percentages (by mass) finer than
2 mm and 0.075 mm. These values are, how-
ever, still 11.6% higher than the level of sig-
nificance (P) which would have justified the
rejection of the null hypothesis. Hence, it
was concluded for each of the three grading
characteristics that the difference between
the population means of each pair of values
was not significant and that the data was
consistent with the null hypothesis.

Nevertheless, the magnitude of the
differences between the paired values
would not have resulted in the allocation
of a different engineering soil classification
group symbol, regardless of whether the
laboratory or computer-estimated values
were used (provided that no plasticity was
exhibited by the soil, and the allocation of a
group symbol was dependent only on grad-
ing characteristics).

As the engineering grading character-
istics were estimated from the pedological
grading characteristics at a statistically
significant level, engineering grading
characteristics for the remaining samples
in the study area were not determined but
were instead estimated from the pedologi-
cal grading characteristics. It also appeared
reasonable to assume that the above proce-
dure is valid for determining engineering
grading characteristics of other soil types
and possibly any soil type from its pedo-
logical grading characteristics.

Regarding the C and C, - values of Dy
and Ds, could only be established from grad-
ing data, determined by the commercial labo-
ratories, in the case of only one (BC3A) of the
five soil types tested (in the case of the other
four soil types, D and Dy, were less than
0.002 mm). Hence, on the basis of one sample,

Table 3 Pooled correlation coefficients and corresponding levels of significance for plasticity

characteristics

Hutton (Ferralsols and Arenosols)!

Shortlands, Valsrivier and Swartland
(Luvisols)!

Arcadia (Vertisols)!

Level of significance (P%)

0.863 47E-1 5.3E-04 1.8E-04
0.866 3.7E-12 4.7E-09 2.2E-09
0.707 5.7E-02 5E-01 2.2E-01

1 General equivalent according to the WRB Classification System (IUSS-WRB 1998; 2006; 2007; 2015).

the degree of confidence with which C; and
C, can be estimated from the pedological
data could not be determined statistically.
However, practically, the C, and C_ values
may be required for classification according
to the USCS, in the case of only two (GW and
SW) of the 15 possible groups comprising the
system. These are not required for classifica-
tion according to the AASHTO system.

Determining plasticity
characteristics from the soil series
Fanourakis (2012) established relationships
for determining the engineering plasticity
characteristics - namely liquid limit (LL),
plasticity index (PI) and linear shrinkage
(LS) - of soils deriving from a range of
pedological classes of the South African
Binomial System (after MacVicar et al 1977)
from their physical and chemical properties
which are determined for pedological clas-
sification purposes. More specifically, in the
case of each soil form considered, each of
the plasticity properties (LL, PI and LS) was
correlated with the amount of magnesium
present in the clay-size portion of the frac-
tion of the sample finer than 0.425 mm.

For each soil group, Fisher’s
Z-transformation technique was used to
combine independent correlation coef-
ficients, which are significant at the five per
cent probability level, in order to obtain an
estimate of the average (pooled) correla-
tion coefficient. This procedure took into
account each correlation coefficient and
the corresponding number of sets of values
on which it was based.

Significance tests were carried out for
each relationship established using the
Student’s t-distribution (Gosset 1908) to
determine the probability that the correla-
tion coefficient could have arisen by chance
in a sample of the size dealt with. All the
relationships established for estimating the
plasticity characteristics of the soils were
highly significant (P < 1%). These relation-
ships are represented and discussed in
detail in Fanourakis (2012).
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Figure 1 Flow diagram illustrating the
structure of the model

The pooled correlation coefficients and
corresponding levels of significance are
summarised in Table 3. The grouping of
the Shortlands, Valsrivier and Swartland
soil forms is justified in Fanourakis (2012).

THE MATHEMATICAL MODEL
Components of the model

Structure of the model

A flow diagram illustrating the general
structure of the model is shown in Figure 1.
Pedological input data

The pedological data, which is the input
data, consists of the following:



B The soil form Table 4 Actual and estimated classification group symbols for soils of the Hutton form

B The quantitative grading characteristics uscs uscs AASHTO AASHTO
of the soil sample as given for pedologi- Designation actual estimated actual estimated
SC SC A-6 A-6

cal purposes ACIA Hu Shorrocks
B The exchangeable magnesium (in me %),

. . oo . AC1B Hu Shorrocks SC SC A-6 A-6
included in the quantitative chemical
characteristics of the soil as given for LS A et o -G A (i
pedological purposes. AC4B Hu Makatini CL CL A-6 A-6
BB1A Hu Portsmouth SM SM A-2-4 A-2-4
Engineering soil properties output BBIB Hu Portsmouth SV SM A2-4 A-2-4
o . o BCIA Hu Shigalo SM SM A2-4 A2-4
Engineering grading characteristics c Shical S
The engineering grading characteristics BC1 Hu Shigalo oM M A Al
of the soil sample are estimated from the BC2A Hu Portsmouth M M A2-4 A2-4
pedological grading characteristics. BC2B Hu Portsmouth SM SM A-4 A-4
BC3A Hu Portsmouth SM M A-2-4 A-2-4
Plasticity characteristics BC38 Hu Portsmouth M M A4 A4
In the case of each soil form, the LL, PI and :
. . . o BD1A Hu Shigalo SM M A-4 A-4
LS are estimated using the highly signifi-
cant mathematical relationships obtained CB2A Hu Shorrocks SM=C = A At
between these properties and the physical CB2B Hu Shorrocks SC SC A-6 A6
and chemical soil properties such as the per- CB3A Hu Vergenoeg SM SM A4 A-4
centage finer than 0.425 mm (P0.425 mm), CB3B Hu Vergenoeg SM SM A4 A4
the clay content (P0.002 mm) and the quan- CBAA Hu Shorrocks M M Ad Acd
tity of the exchangeable magnesium cations
. . CB4B Hu Shorrocks SC SC A-6 A-6
(in me %) (Fanourakis 2012).
Fanourakis (2012) proposed that soils — Y Berieun S S s Al
of the Hutton form with a clay content CBoB Hu Shorrocks cL cL A-6 A-6
less than 12% are automatically designated CB7A Hu Mangano SM SM A4 A-4
as non-plastic. This 12% was the average CB7B Hu Mangano M SM AD-4 AD-4
clay content of 18 Hutton soils that were CDIA Hu Doveton SM-SC s P P
non-plastic and had clay contents ranging
from 6% to 18%. In this paper it is proposed coi Hu Doveton c c Al A6
that the relationships pertaining to soils of DATOA Hu Makatini L cL A4 A6
the Hutton soil form should not be applied DA11B Hu Shorrocks cL cL A-6 A-6
to soils with a clay content equal to or less DAT2A Hu Shigalo CL L A-4 A-6
than 18%, as these were not included in DAI2B Hu Shigalo a a A6 A6
the establishment of the relationships. The
) . . o DA14B Hu Shorrocks CL CL A-6 A-6
estimation of plasticity characteristics from .
pedological data is discussed in detail in DAIZA S c = A6 A6
Fanourakis (2012). DA17B Hu Msinga CL CL A-6 A-6
These relationships to determine DA19A Hu Msinga SM SM A-4 A-4
plasticity characteristics were applied using DAI9B Hu Msinga SC SC A6 A6
data which fell within the range on which DA20B e e e Ad Ad
the relevant relationships were established.
DAGA Hu Shorrocks SM SM A-4 A-4
Engineering classification of soils DEZ i Uit S sC b b
The soil is classified according to the two DB2B Hu Makatini CL CL A-6 A-6
most commonly employed engineering soil DB6A Hu Doveton SC SC A-4 A-6
classification systems, namely the USCS DB6B i Devaion cL cL A6 A6
(USAEWES 1960) and the AASHTO sys- DESA Hu Shorrocks a a i v
tem (HRB 1945).
DB8B Hu Shorrocks SC SC A-6 A-6
Limitations of the model DCIA Hu Makatini CL CL A-6 A-6
This research entailed the investigation DC1B Hu Makatini L CL A-6 A-7-6
of soils occurring in a particular area. DC2A Hu Msinga SM SM A-4 A-4
Not all the series encompassed by the DC3A Hu Shorrocks SE e Ad Ad
forms investigated occur in the study area.
DC3B Hu Shorrocks CL CL A-6 A-6

Furthermore, the behaviour of soils of the

. . . Note: Blue indicates two class differences.
series researched which have a chemical and
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Table 5 Actual and estimated classification group symbols for soils of the Shortlands, Valsrivier mineralogical composition differing from

and Swartland forms that of the soils included in the research is
d Swartland f hat of the soils included in th hi
5 Uscs Uscs AASHTO AASHTO not known. Hence, the plasticity relation-
LR DL actual estimated actual estimated ships could not be applied in such cases.
AATA Sd Kinross
CC2A Sd Ferry CL CL A-4 A-6
. e a " » " VERIFICATION OF THE MODEL
DA3B Sd Kinross SC SC A-6 A-6 .
CCIA Sw Reveillie ol ol A-4 A-6 Verification sources
cCiB Sw Reveillie L L A6 A6 The model was verified by being applied
CC5A Sw Skilderkrans L ol AT-6 AT-6 using pedological data to determine the
5B Sw Skilderkrans L L A6 AT-6 engineering properties of soils in the
CCoA Sw Skilderkrans a a A7-6 A-6 study area.
cceB Sw Skilderkrans a a A6 A6 In addition, the model was verified
DBSA Sw Skilderkrans L L e W using data from a pedological and geo-
AAIA Va Waterval L L e e technical report pertaining to an area
A TyAT— an al P P in Lephalale (formerly Ellisras), located
T Va Sunnyside L = e — approximately 190 km from the study area.
BB2B Va Sunnyside CL CcL A-7-6 A-7-6 . A
i Verification using data
CC3A Va Marienthal CL CL A-4 A-6
, from the study area
cc3B Va Marienthal MH CH A-7-5 A-7-6
«eZ Va Valsrivier MH MH A-7-5 A-7-5
Data used
DA18A Va Waterval SC SC A-6 A-6 .
e T— = = At Ab The USCS and AASHTO classifications for
a Waterva - -
OATA Va W I a a A At each of the samples tested as part of this
a Waterva - -
OATB Va W | - - A6 A6 research project were determined by using:
. Va Waterval a a A_7—6 A_7_6 B the estimated engineering grading
a Waterva 7- 7-
OABA VW - | o« o« Aa At characteristics and the plasticity results
t - -
oAsE Va Wa erval L L ey ey obtained from standard engineering
t T 2
a aterva laboratory tests, on those samples, and
DABE2 v V\/aAtervsl I c c AT AT B the engineering grading and plasticity
DE3A v Marl‘ent d c c A6 A6 characteristics by applying the model to
D838 v Ma.nenthal cH cH AT6 ATS the quantitative physical and chemical
DBAA v Lfndley ML ct AT6 AT6 pedological data of the same samples.
D848 Va Lindley L c AT6 AT6 One soil of the Hutton form and three of
DL Va Lindley L L akc ke the Arcadia form were excluded, as they
BSE el e S < AT6 AT6 had physico-chemical properties outside the
phy: prop
DB Ve Lielisy L 2 A6 a ranges pertaining to the relevant plastic rela-
DD3B Va Lindley CH CH A-7-6 A-7-6

tionships. The engineering soil classification

Note: Green indicates one class difference. Blue indicates two class differences. group symbols mentioned above are shown in

parallel, for the 95 soils of the different forms

Table 6 Actual and estimated classification group symbols for soils of the Arcadia form included in the study area, in Tables 4 to 6.
Designation uscs USCSs AASHTO AASHTO
9 actual estimated actual estimated Results and discussion
Y A7S AT5 Table 7 shows the a summary of soil form
CBI Ar Arcadia CH cH AT-6 AT-6 specific results of the accuracy of the
o2 Ar Arcadia CH CH AT-6 AT-6 estimated classification group symbols,
DAI3 Ar Arcadia CH MH AT-6 A5 according to the AASHTO and USCS sys-
DAIS Ar Arcadia S S ATS ATS tems, for the soils considered.
e pRy—— o o P P Considering the soils of all the series
- included in this research, a total of six of
DA4 Ar Arcadia SC SC A-7-5 A-7-5 )
- the 95 (6%) estimated USCS group symbols
DAS Ar Arcadia SC SM A-2-7 A-2-7 .
differed from actual symbols of the same
DA9 Ar Arcadia CH CH A-7-6 A-7-6 . .
soils by one group. No samples differed by
DB1 Ar Arcadia CH CH A-7-5 A-7-5 .
more than one group. In cases where either
DB7 Ar Arcadia CH CH A-7-5 A-7-5 . .
A the actual or estimated symbol was included
D89 Al /-\rcadﬁa MH cH AT AT in the other, this was considered not to
DD Ar Arcadia ChH CH it L2 be different. For example, the actual and
bp2 difdicicic cH CH ATS ATS estimated USCS symbols assigned to sample
Note: Green indicates one class difference. CB2A were SM-SC and SC, respectively.
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Table 7 Summary of accuracy of classification group estimations according to soil forms

Difference in group
classification classes

Classification system

between actual
and estimated

Shortlands,
Valsrivier and
Swartland

Hutton
(47 samples)

Arcadia Total (in row)

(14 samples)

None (correct)

USCS
1 Group
None (correct)
AASHTO 1 Group
2 Groups

In the case of the AASHTO classifica-
tion, the estimated and actual group sym-
bols of a total of 16 samples (17%) differed.
Four of these differed by one class and 12
differed by two classes. In this analysis, the
classes of A-7-5 and A-7-6 were considered
to be different classes (although they
comprise the A-7 class). The four soils
which differed by one class were such soils.
None of the soils differed by more than two
classes. Furthermore, nine of the 12 soils
that differed by two classes had actual and
estimated groups of A-4 and A-6, defined

"% Steenbokpan

&

\G@% ¢ Maps

(34 samples)

47 31
0 3
42 25
0 2
5 7

by a PI of 10 max or 11 min, respectively.
A total of four soils differed in subclass
within the A-7 class (A-7-5/A-7-6).

Verification using soil data from
areas outside the study area

Area considered

The validity of the model was also tested
using soil data of the Lephalale area in
the Limpopo Province which, according

to the map of the pedology of southern
Africa, after Harmse and Hattingh (1985),

2i7°30'E

]

Figure 2 The location of the Steenbokpan-Stockpoort Road in relation to Lephalale

8

1 89
3 6
12 79
2 4
0 12

generally comprises similar soils to those
researched but is located approximately
190 km northwest of the study area.
Pedological and engineering data of
the soils occurring along an approxi-
mately 38 km section of the Steenbokpan-
Stockpoort Road (Road 175 which is
situated in this area) were obtained from
the Pedological Research Institute and the
(former) Roads Department of the Transvaal
Provincial Administration (TPA 1987),
respectively. The location of this road in
relation to Lephalale is shown in Figure 2.
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Table 8 Estimated and actual AASHTO classification groups at various chainages along the Steenbokpan-Stockpoort Road

Chainage Pedological Soil form and
(km) profile series
1.1 SP 26 Clovelly Gutu 0-500 0-650
26 SP 4 Hutton Portsmouth 0-1 300 0-700
4.2 HK 6 Hutton Moriah 0-1 850 0-800
11.2 HK 19 Bainsvlei Maanhaar 0-670 0-760
12.7 HK'5 Hutton Bontberg 0-1 100 0-670
164 HK 20 Avalon Windmeul 0-290 0-600
Data obtained been researched for the purposes of estab-

The pedological data acquired comprised
six soil profiles which were recorded along-
side or very close to this section of the road
as part of a pedological mapping exercise
(conducted to a 1:50 000 scale), as well

as the pedological physical and chemical
data of the soils constituting these profiles
(IPR 1989).

The engineering data comprised the
pavement and gravel pit design sheets
which were compiled using data gath-
ered as part of a detailed investigation
conducted along this section of the road.
The pavement design sheets, which were
drafted using a standard form, included
data on the colour, depth, grading, plastic-
ity, bearing strength (CBR) and AASHTO
classification of the natural soils occurring
on the road centreline at 200 m intervals.
The gravel pit design sheets included data
such as the material description, profile
depth, grading characteristics, plasticity
characteristics, AASHTO classification
and bearing strength characteristics of the
material occurring in nine trial pits exca-
vated in each proposed borrow area (TPA
1987). The USCS classification groups were
not given.

The area adjacent to this road is char-
acterised by red soils of the Hutton and
Bainsvlei soil forms and yellow-brown soils
of the Clovelly and Avalon forms. Soils
of the Valsrivier, Swartland and Arcadia
forms which were included in the research
are generally located more than 2 km from
the road.

Application of the model
The model was used to determine the
AASHTO classification of the soils
represented by the six profiles along the
road route from the pedological data of
these soils.

Of the soils comprising the six profiles,
only the properties of the Hutton soils had

lishing the model. However, the Bainsvlei
soil profile consists of a Hutton soil profile
underlain by a soft plinthic (ferruginised)
horizon. Furthermore, the Clovelly profile,
like the Hutton profile, has an intact
structure and clays present are mainly
of the 1:1 kaolinitic type, but is yellow in
colour and not red as in the case with the
Hutton soil profile. The Avalon soil profile
consists of a Clovelly soil profile which
is underlain by a soft plinthic horizon. In
other words, the Hutton, Bainsvlei, Clovelly
and Avalon soil forms are all characterised
by Apedal B horizons.

Therefore, although the properties
of the soils of the Bainsvlei, Avalon and
Clovelly forms were not investigated as part
of the project on which the model is based,
the section of the model applicable to the
soils of the Hutton form was applied using
pedological data of the Clovelly form soils
and soils overlying the soft plinthic horizon
of the Bainsvlei and Avalon forms to estab-
lish whether the engineering properties of
these soils would be the same as those of a
Hutton soil with an identical physical and

chemical composition.
Discussion and results

Subgrade properties

The AASHTO classification groups
determined for the horizons in each
profile (estimated) using the model, on the
one hand, and determined as part of the
detailed centreline engineering survey at
the appropriate chainages on the other, are
given in Table 8.

With reference to Table 8, the profile
depths according to the pedological and
engineering profiles differ.

Nevertheless, as indicated in Table 8,
the estimated and determined AASHTO
classification group symbols are essentially
the same at each chainage. Where, for
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A-2-4 A-2-4
A2-4/A2-6 A-2-4
A2-4 A2-4/A3
A2-4 A2-4/A3
A-2-4 A-2-4
A-2-4 A-2-4

example in the case of HK 6 and HK 19,
two groups were given as the actual, these
included the estimated group (A-2-4).
Similarly, in the case of SP 4, where two
groups were given as the estimated, these
included the actual group.

Gravel pits

Thirteen potential borrow pits located
along the road route were investigated as
part of the detailed engineering survey.
Nine test pits were excavated in each of
the 13 potential borrow areas. The profiles
in all of these borrow areas comprised
calcrete or red and/or brown soil which

is underlain by calcrete or ferricrete (TPA
1987). In view of the fact that the pedologi-
cal test pits profiled were located such that
the range of soils occurring in the area
was represented by these profiles, none of
the pedological test pits were specifically
placed in any of the borrow pits. However,
four of the six pedological test pits profiled
alongside the road were situated within

a distance of 0.6 km and 2.0 km from
borrow pits.

The AASHTO classification groups
in Table 9 were determined by applying
the model to pedological data obtained
from the four pedological profiles in the
vicinity of the potential borrow areas, and
the corresponding values were determined
on samples from the test pits in the four
potential borrow areas by conventional
engineering test procedures.

A comparison of the data in Table 9
revealed that the actual and estimated
AASHTO classification groups, in the two
parallel lists, were essentially the same.
Where, for example in the case of HK 19
and HK 5, two groups were given as the
actual, these included the estimated group.
Similarly, in the case of SP 4, where two
groups were given as the estimated, these
included the actual group. In any case,
the minor differences could probably be



Table 9 Estimated and actual AASHTO classification groups of material in four test pits occurring alongside the Steenbokpan-Stockpoort Road

Number of

Chainage

(km) samples tested
3.24 3
9.0 9
14.0 7
17.25 9

attributed to the fact that the plasticity
properties of the soils in the four pedologi-
cal profiles might have differed somewhat
from those of the soils in the test pits since
the pedological profiles and test pits were
not identically located.

It is also important to note that,
although the model was developed from
test results of, amongst others, red soils of
the Hutton form but not from test results
of red soils of the Bainsvlei form or yellow-
brown soils of the Clovelly and Avalon
forms (which were not included in the
research), the mathematical model appears
to be valid for these soils as well. This is
probably because all the above-mentioned
soil forms have Apedal B horizons.

However, it must be noted that, in the
model, soils of the Hutton form with a clay
content less than 18% are designated as non-
plastic. Therefore, since the soils in the area
traversed by this road generally have a low
clay content, the validity of the plasticity sec-
tion of the model could not be confirmed.

CONCLUSIONS

The model developed

and its verification

A mathematical model was successfully
developed that enabled the determination
of engineering grading and plasticity char-
acteristics, as well as classification (USCS
and AASHTO) from pedological data.
This model was verified using data from
the study area, as well as data from an area
located approximately 190 km from the

study area.

Verification using data
from the study area
The engineering grading characteristics
of soils from the study area were deter-
mined to a statistically significant degree
of accuracy (using the five per cent level
of significance).

The plasticity characteristics of soils
from the study area were statistically

10

Nearest
pedological
profile
0-1 300 0-1200
HK 19 0-670 0-1 500
HK'5 0-1100 0-1 500
HK 20 0-290 0-1300

significantly estimated from the physico-
chemical data of soils, for a range of
pedological groups. All the relationships
established for estimating the plasticity
characteristics of the soils of the Hutton
form (Ferralsols and Arenosols according
to the WRB Soil Classification System),
Arcadia form (Vertisols according to the
WRB system) and Shortlands, Valsrivier
and Swartland forms (Luvisols according
to the WRB system) were highly significant
(P < 1%) (Fanourakis 2012).

Regarding the estimated USCS and
AASHTO classification group symbols of
soils from the study area, of the 95 soils
included in the project, in total, 12% of the
estimated classification group symbols dif-
fered from the actual classification group
symbols. Furthermore, only 6% of the clas-
sification groups differed by two groups.
However, only in 2% of the soils (CC3B and
DA13) did the estimated and actual clas-
sification group symbols, according to both
the above engineering soil classification
systems, differ. However, if the estimated
PIs of CC3B and DA13 were 1% lower and
1% higher, respectively, the estimated and
actual USCS symbols would have been the
same. From all the above results it can be
concluded that the estimated engineering
classification group symbols, determined
by applying the model, provide a suf-
ficiently accurate indication of the probable
engineering behaviour of these soils.

Verification using data from
outside the study area

The estimated AASHTO classification
groups of soils of the Hutton, Bainsvlei,
Clovelly and Avalon forms, which occur
adjacent to a road located approximately
190 km north of the study area, were
determined using physical and chemical
pedological data and the section of the
model pertaining to the soils of the Hutton
form. These estimated classification groups
did not differ significantly from the actual
classification groups which were deter-
mined from soils that had been sampled

A-2-4/A-2-6 A-2-4
A-2-4 A2-4/A3
A-2-4 A-2-4/A-2-6
A-2-4 A-2-4

from the same locations or nearby as part
of a detailed engineering survey.

Application of the model

and further research

The findings of this research are valid

for soils of the pedological classifications
investigated and their particular physical,
chemical and mineralogical proper-

ties only, since the research project was
intended to serve as a pilot study. The
indications are that additional similar
studies covering soils of the pedological
classifications researched but with different
chemical properties, as well as soils with
other pedological classifications with vary-
ing chemical properties, could undoubtedly
lead to the extension of this work and
improvement of its universality.

This model is intended to assist in the
supplementing of information in the recon-
naissance stages of certain projects.

Finally, it is hoped that this research
has succeeded in emphasising the inter-
relationships between pedogenesis and
the engineering behaviour of soils, and in
suggesting an approach for the interpreta-
tion of pedological data for engineering

purposes.
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