TECHNICAL PAPER

PROF GEORGE FANOURAKIS (FICE, FSAICE) is
Associate Professorin the Department of
Civil Engineering Technology at the (now)
University of Johannesburg, which he joined
around 28 years ago after leaving the
employ of Jones and Wagener (Pty) Ltd
Consulting Engineers. He holds the degrees
of MSc(Eng) and DTech(Eng), and is a
Chartered Civil Engineer and Fellow of the Institution of Civil Engineers
(UK). He is also a Fellow of the South African Institution of Civil
Engineering (SAICE), an Honorary Fellow (and Past-President) of the
Institute of Professional Engineering Technologists (IPET) and Member of
the Soil Science Society of Southern Africa. His professional participation
further includes membership of three South African Bureau of Standards
(SABS) committees, membership of COM 9: Dissemination of Knowledge of
the fib (fédération internationale du béton), and membership of 7C:306
(Geo-Engineering Education) of the International Society of Soil Mechanics
and Geotechnical Engineering (ISSMGE).

(ontact details:

Department of Civil Engineering Technology
University of Johannesburg

PO Box 17011

Doornfontein

2028

South Africa

T: 427 11559 6416

E: georgef@uj.ac.za

Keywords: land type survey, soil surveys, pedology, soil mapping,
geotechnical investigations

12

Utilising Land Type data for
geotechnical investigations

G C Fanourakis

In South Africa, a Land Type Survey (LTSS) has been conducted of the entire country. The information
available from the LTSS is readily and inexpensively made available to the public (in the form of
maps and accompanying memoirs). This survey includes information on the climate, terrain and
soils. The soil information given includes qualitative data (such as pedological classifications, soil
profiles and soil types), as well as quantitative physical and chemical properties of representative
soils tested. Such information is used primarily for agricultural purposes. This paper proposes

an approach for inferring information, of relevance in reconnaissance geotechnical engineering
surveys, from Land Type data, to supplement geotechnical investigation data. The proposed
procedure was verified using actual information from a geotechnical report. This investigation
indicated that general engineering properties can be inferred from qualitative pedological data. In
addition, statistically significant engineering properties (including the grading, Atterberg Limits and
the USCS and AASHTO classifications) were determined from quantitative pedological data, in 86%
of cases, for the soils considered. It is evident from this research that data from the Land Type survey

data can be successfully used for geotechnical investigation purposes for certain developments
(such as roads and townships) where the depth of interest is relatively shallow.

INTRODUCTION

Pedological classification

systems and databases

There are various definitions of pedology.
Essentially, pedology is the study of soils as
naturally occurring phenomena, including
their formation, composition, classification
and distribution.

A number of pedological soil classifica-
tion systems have been established and used
as a basis for mapping soils. Such systems,
which include an internationally accepted
system and many national systems, are listed
in Fanourakis (2012) and Fanourakis (2022).

The commonly used South African
Pedological Soil Classification System
is titled “Soil Classification: A Binomial
System for South Africa” (MacVicar et al
1977). An overview of this classification is
given in Fanourakis (2012).

Pedological databases

Various international, regional and
national databases comprising pedological,
climatic, topographical and other informa-
tion have been developed, as detailed in
Fanourakis (2012).

The South African database, which
contains information for the entire country,
is the Land Type Soil Survey (LTSS 2021).

The Land Type Survey has been incor-
porated into the SOTER (Soil and Terrain)
world database, which includes maps and soil

information (in a standard format), that has
already been compiled for a number of coun-
tries. This includes the New Generation Soil
Property Maps for Africa (ISRIC 2021).
Therefore, a significant amount of
pedological classification and mapping
has been conducted worldwide. Although
this data is used primarily for agricultural
purposes, such information, particularly
that on soils and terrain, could be used for
geotechnical engineering investigations.

The Land Type Survey

The Land Type Survey, which was initi-
ated in 1972 and was completed in 2002
(Patterson et al 2015), comprises a publicly
available completed survey of the entire
South Africa, which includes information
on the soils, terrain, climate and geology.
This survey was conducted by the Institute
of Soil, Climate and Water (formerly the
Soil and Irrigation Research Institute) of
the Agricultural Research Council.

The soil data included in the Land Type
Survey of South Africa (LTSS 2021) includes
the pedological properties and pedological
classification in accordance with the South
African Binomial Classification System
(after MacVicar et al 1977).

The data acquired in the course of the
Land Type Survey is published in the form
of maps (at a scale of 1:250 000), known
as Land Type maps, and accompanying
documents which are referred to as Land
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Type memoirs. At the time of publication
of this paper, the cost of a Land Type map
on paper (on a topo-cadastral background)
was R100.00 and on semi-transparent matt
film (without a topo-cadastral background)
was R350.00. The cost of memoirs, which
are currently mainly available on CD (as
opposed to a hardcopy book), was R75.00
each. In addition, an optional CD containing
an explanation of the contents of any par-
ticular map is available at a cost of R75.00.

Objectives of this paper
Despite the different depths of soil which are
of concern in pedology and in engineering,
information gathered by pedologists is also
of potential use to engineers. Translating the
classification system on which pedological
maps, such as the Land Type maps, are based
into engineering terms, even if only for the
uppermost 1.2 m of the soil profile, may be
of significant value in engineering projects
concerned with transportation links, canals,
township development and the location of
natural construction materials (Harmse &
Hattingh 1985).

Paige-Green and Turner (2007) generally
discussed how the information from the
Land Type Survey could potentially assist,

specifically, in road engineering surveys.
Furthermore, Calitz (2021) developed a
detailed Soils Effects Grouping (SEG) system
to convert pedological information to infor-
mation useful in geotechnical assessments.
The approach used by Calitz (2021) is differ-
ent to that discussed in this paper.

The primary objective of this paper is to
demonstrate the extent to which Land Type
data can be used in geotechnical investiga-
tions, particularly at the reconnaissance
stages, which are undertaken at the planning
stages of proposed developments, where the
depth of interest is relatively shallow (e.g. for
roads and township developments). The ter-
rain and soil information inferred from the
LTSS would typically be used together with
other information, such as geological maps,
aerial photographs, topographical maps and
technical reports (if available) to effectively
plan detailed soil surveys. In this paper, this
was illustrated by utilising the LTSS data
pertaining to a particular road route to infer
information or estimate properties applicable
to the reconnaissance geotechnical investiga-
tion. The inferred information was then veri-
fied by being compared to the data from the
actual engineering geotechnical investigation
report that was compiled for the same road.

In achieving this objective, an overview
of the information that is incorporated in
the Land Type Survey is given.

THE LAND TYPE SOIL SURVEY

The identification of Land Types
Areas known as Land Types were identified
and delineated on a 1:250 000 scale, such
that each Land Type displayed a marked
degree of uniformity with regard to terrain
form, soil pattern and climate. The Land
Types were initially delineated on 1:50 000
quarter degree sheets, each comprising

a 1:250 000 sheet, and then the bounda-
ries were transferred onto the relevant
1:250 000 sheets (LTSS 2021).

The establishment of Land
Type inventories
Approximately 7 070 Land Types were
established, based on approximately
400 000 soil observations, which translate
to approximately one observation per
300 ha (Patterson et al 2015).

A Land Type inventory was established
for each delineated unit (Land Type). The
Land Type inventories are included in the

LANDTIPE/LAND TYPE 3 Voorkoms(kaarte) en oppervlaktes/Occurrence (maps) and areas: Inventaris deur/Inventory by :
KLIMAATSONE/CLIMATE ZONE : 298 2628 East Rand (803Cha) 2728 Frankfort(26950ha) J L Schoeman
Oppervliakte/Area : | 34980ha Modale profiele/Modal profiles
Beraamde oppervlakte onbeskikbaar vir landbou Geen/None

Estimated area unavailable for agriculture : 700ha

Terreineenheid/Terrain unit 4 3 4 s Totaal/Total Klei-inhoud Tekstuur Diepte-—
% van landtipe/% of land type 5 30 so 15 s Clay content Texture beperkende
Opperviakte/Areatha) 10494 17490 5247 1749 pateriaal
Helling/Slape (%) 0-5 3-13 1-3 o-1 penth,
Hellingslengte/Slope length (m) 400-800 S00-1000  100-300 50-300 % 1imiting
Hellingsvorm/Slope shape Y Y=X X e material

0.MB1 (ha) 7872 17492 s246 1398 §>12% o |
8<12% 32007

MB2-MB4 (ha) 2623 o o 350 277.3
Grondseries of landklasse Diepte [B: [ % ha % ha % ha % ha ha % E B21 Hor Klas
Soil series or land classes Depth 2 Class

(mm} §

Grond-rotskompleks s
Soil-rock complex : s

Rots/Rock 4|5 525 523 1.3

Mayo My10,Dansland MwiO 300~ &00| 3: |10 1049 1049 3.0 30-40 20-35 A fi/meSaCllm—SaCl so;lciR

Mispah Ms10, H

Williamson Gsié, 2
Trevanian Gsl17 200~ 400 3: |10 1049 1049 3.0| 20-30 A fi/meSaCllm Risoilc

Rydalvale Ar30, p

Arcadia Ar40 300- 600 1574 30 5247 20 1049 7871 22.5| 45-70 A Cl soilc
Lindley Vad1,Nyoka Swél 250~ 450 2099 20 3498 10 sa2s5 6122 17.5| 20-30 35-50 A fi/meSaClim vpilc
Mayo MylO,Msinsini Myll 300- 400 2099 10 1749 3848 11.0| 30-40 20-35 A fi/meSaCllLm-SaCl so;lc
Uitvliugt Es34,

Enkeldoorn Es33 200~ 400 =25 10 1749 19 767 3061 8.8| 10-25 10-20 40-50 A +fi/meSaLm-SaClLm prv
Rensburg Rg20.

Sarasdale Wo20.

Chinyika Wo21 . 300- &00 30 1574 60 1049 2624 7.8| 30-60 A fi/meSaCl,CILm C1 gc
Weenen Bo40, Bonheim Bo4i 6£00~-1200 10 1749 10 528 2274 &. 3| 30-45 30-43 A fi/meSaClim-SaCl soilc
Sterkspruit Ss26,

Hartbees Ss24.

Stanford 5523 200- 400 525 S 875 S 262 1662 4.8/ 10-28 35-50 A +fi/meSalm-SaClim vpipr
Sibasa Wel3, Wasbank Wa21 350- S00] 525 5 875 1399 4.0| 15-30 A  fi/meSalm-SaCllm sp
Soetmelk Av3a &00~-1200] s2s8 3 875 1399 4.0/ 20-30 20-3% B fi/meSaClim sp
Mkambati Kdi4,

Kroonstad Kdi3 6£00-1200] = 873 s 2862 1137 3.3| 10-20 10-20 40-50 A Lmfi/meSa-Salm gqc
Fenfield Tk1lO,

Tambankulyu Tkil 350- S00| s 262 5 a7 350 1. 0| 30-40 40-50 A +fi/meSaCl.ClLm.Cl sp
Jozini 0Oa3é,Dundee Duil >1200 15 262 262 0.7 13-2% A fi/meSalm-SaCllLm
Stroombeddings/Stream beds 20 ~330 350 1.0
Terreintipe/Terrain type : A3 Ter verduideliking van hierdie tabel kyk LANDTIPE-INVENTARIS C(inhoudsopgawe) ]
Terreinvormskets/Terrain form sketch For an explanation of this table, consult LAND TYPE INVENTORY (table of contents)

Geologie: Doleriet; sandsteen, grintsteen en skalie van die Groep Ecca.
Opeenvolging Karoo.
3
o Geology: Dolerite, sandstone, grit and shale of the Ecca Group, Karoo
1500k oo e Sequence.

Figure 1 Example of a Land Type inventory - Ea26 (LTSS 2021)
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relevant memoirs. Each Land Type inven-

tory contains information on the terrain,

pedology, climate and geology of that Land

Type. An example of a Land Type inven-

tory is shown in Figure 1 (on page 13).
With reference to Figure 1, the follow-

ing information regarding soil and terrain

is included in the inventory:

B The Land Type designation (shown in
the blue rectangle), corresponding with
that on the map unit (e.g. Ea26).

B The area of the Land Type unit (shown
in the olive rectangle).

B A terrain type and terrain form sketch
(profile sketch) in the red rectangle.
This indicates the terrain type (e.g. A3)
which is based on estimates of the slope
and local relief, according to standard
ranges, representative of the terrain
characterising the Land Type. The sec-
tion (profile) which is representative of
the terrain of the Land Type comprises
(numbered) terrain units. A terrain
unit is any part of the land surface
with a homogeneous form and slope
(LTSS 2021).

B Classification of the soils occupying
the Land Type according to the South
African Binomial Classification System
(MacVicar et al 1977) (shown in the
green rectangle).

B Clay content ranges for each soil horizon
type (shown in the yellow rectangle).

B The textural class of each horizon
(shown in the light blue rectangle).

B Depth range of soil/rock horizons of each
soil form (shown in the purple rectangle).

B The depth limiting material in the case
of each soil form (shown in the grey
rectangle)

B The area of each of the terrain units that
is occupied by the different soil series,
as well as the area occupied by rock, is
estimated in terms of percentages of the
area of that unit, as well as in hectares
(shown in the orange rectangle).

B The percentage and area (in hectares) of
the Land Type occupied by each of the
terrain units (numbers 1 to 5 in the terrain
form sketch; red rectangle) as well as the
slope and slope shape of each of the units,
are shown in the magenta rectangle

B The geology of the Land Type unit
(shown in the turquoise rectangle).

B The numbers of any modal profiles (see
below) in that Land Type, shown in the
brown rectangle.

Similarities between Land

Types and land systems of
engineering regional surveys
Regional surveys carried out for engineering
projects include the detailed mapping of
selected areas which are representative of
each land system. This entails the gather-
ing of general information regarding the
climate, topography, vegetation, soil and rock
comprising each selected area. Each repre-
sentative area consists of land facets such

as crests, midslopes, footslopes and valley

bottoms (Brink et al 1982). In addition, the
soils in each land facet are sampled for test-
ing for the relevant properties. Using this soil
data together with the information acquired
on the terrain of the land system - such as
the approximate altitude range, approximate
relief, gradient conditions, type of surface
form and the extent of cut required in a
particular project - the suitability of the land
system for the proposed development may be
evaluated (Brink ef al 1982).

The Land Types and terrain units of the
Land Type Survey are comparable in infor-
mation gathered to the land systems and land
Jacets, respectively, of the engineering terrain
classification system (delineated during
regional surveys). The Land Types and land
systems are delineated at the same scale.

The in-depth analysis of
modal soil profiles
A number of soil profiles, termed modal pro-
files, were identified in each area covered by
a 1:250 000 Land Type sheet. The locations
of these profiles, which are indicated on the
relevant Land Type map, are such that the
range of soils occurring on the Land Type
sheet is represented by these profiles (LTSS
2021). These modal profile numbers are also
included in the Land Type inventories.
Approximately 2 500 modal profiles
were described countrywide (Patterson et al
2015). The soil occurring in the uppermost
1.2 m of each modal profile is described
according to pedological terminology and

[ Profiet nr/Profite No: P137 |
Landtipekaart/Land type map: 2628 East Rand

Landtipe nr/Land type No: Ea20
Hoogte/Elevation: 1640 m
Klimaatsone nr/Climate zone No: 24S

Beskryf deur/Described by: J L Schoeman :
Datum beskryf/Date described: 1976-11

Breedte-/Lengtegraad/Latitude/Longitude: 26°28'20"/29°02'30"

Plantegroei/ Vegetation: Gewasse (aartappels)/Crops (potatoes)

Grondvorm/Soil form: Swartland
Grondserie/Soil series: Nyoka

Terreineenheid/Terrain unit: 1
Helling/Slope: 5%
Hellingsvorm/Slope shape: Konveks/Convex

Aspek/Aspect: S
Waterviak/Water table: Geen/None

5 Klipperigheid/Stoniness: Geen/None
Erosie/Erosion: Plaat, Klas 1/Sheet, class 1

Moeder- en onderliggende materiale: Lokale kolluvium afkomstig van Eccasandsteen, -skalie en doleriet.

Parent and underlying materials: Local colluvium derived from Ecca sandstone, shale and dolerite.

Horison Diepte _ Beskrywing Diagnostiese horisonte
Horizon Depth (M™) Description Diagnostic horizons
Al 0-380 Vogtig; vogtig 100% baie donkergrys 10YR3/1; mediumsandkleileem; swak medium subhoekig blok; ferm; duidelike Ortiese
gladde grens. Orthic
Moist; moist 100% very dark grey 10YR3/1; medium sandy clay loam; weak medium subangular blocky; firm; clear
smooth boundary.
B2 380-730 Vogtig; vogtig 100% baie dén.kergrys 10YR3/1; mediumsandklei; sterk grof prismatiese tot hoekig blok; baie ferm; baie Pedokutaniese
swart duidelike kleihuide op pedvlakke; geleidelike gladde grens. Pedocutanic
Moist; moist 100% very dark grey 10YR3/1; medium sandy clay; strong coarse prismatic to angular blocky; very firm;
many black distinct clayskins on ped faces; gradual smooth boundary.
C 730-900 Vogtig; vogtig 50% donker grysbruin 10YR4/2; algemene fyn duidelike geel ronde vlekke; mediumsandklei; swak tot

matig medium hoekig blok; baie ferm; baie donkergrys prominente Kleihuide op pedvlakkke; min growwe verharde
kalknodules; algemene klein saprolietfragmente; matig tot hewig opbruisend.
Moist; moist 50% dark greyish brown 10YR4/2; common fine distinct yellow circular mottles; medium sandy clay;
weak to moderate medium angular blocky; very firm; many dark grey prominent clayskins on ped faces; few coarse in-
durated lime nodules; common small saprolite fragments; moderately or strongly effervescent.

Figure 2 Example of a modal profile description (LTSS 2021)
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Profiel n1/Profile No P137
Grondvorm en -serie/Soll form and serles  Swartland nyoka
Fraks Sonn Klei Fe Al Mineralogie/Mineralogy'
Lab i fract Slik | Klei f?go Pir Pir
Dept. Hor el | - iro iro
nr/No m:‘ >2mm | coSa [ meSa| fiSa silt | Clay | “kpa CBD Pyro CBD Pyro
L 2-50um <2um
C4079 0-380 Al 4 |6 21 | 40 7 23 0,6 0,1 QzS5, Fs2 Mi3, St3, Kt2, Qz2, Ch(2:1)1
C4080 380-730 B2 3 7 20 | 30 4 39 6,6 0,1 Qz5, Fs2 Mi3, St3, Kt2, Qz2, Ch(2:1)1
C4081 730-900 C 55 4 21 | 24 10 38 0,8 0,1 QzS5, Mi4, Fs3 Mi4, Ch(2:1)3, St3, Kt2, Qz1
Waterretentiwiteit by Uitruilbare katione Suurheid | yitr
Org . Water retentivity at KUK Exchangeable cations Acidity Al pH Wi _—
Lab [¢ -33 -80 | -500 | -1500 2| g3 o CEC ] - | Uitr | Exch o2t o
k... 3 =23 | =80 | e [ 1500 | MR? | DR® [AWR Na l K| c % Mg Tot | Titc [ it | Exe Res Co;ui
o 1 ohms mS/m
% me/kg grond/soil HyOr|caCly
C4079 1.4 15,9 14,1 11,6 11,4 1 il 9 112 2 7 33 27 69 50 0 0 581 49 630
C4080 0,7 249 21,9 18,8 16,8 m 9 999 164 17 5 63 62 147 31 1 0 6,6| 6,1 120 251
C4081 0,2 34,7 29,9 24,4 21,7 m | 17 999 239 38 8 111 110 267 0 0 0 8,0| 7,6 110 451
Feread e Mikrovoedingselemente ' MINERALOGIE/MINERALOGY
e ves extract ~ Micronutrients sol:ps P XSD piekhoogte intensiteite/ XRD peak height intensities
status Kode Beskrywing Relatiewe eenhede
nt/No Na | K I Ca l Mg Na I K l Ca l Mg 23 l Ma I o | B I Co forpt Code  Description _Relative units
me/R ‘me/kg grond/soil mg/kg 1 baie swak/very weak 0-5
- 2 swak/weak 5-25
C4079 i 0,63] 21,28 1,93 1,03| 3,14| 26,0 4,6 3 medium 25-50
C4080 7 0 6 15 6 0 5 13 | 045( 238 1,03 | 0,52] 1,00 43,2 16 4 sterk/strong T 5075
5 baie sterk/very strong 75-100
4 37| 26,92 ,38 P, ] ¥ X 4
C4081 17 0 6 49 | 14 0 5 0 0, 0, 0,29| 6,08 34,0 0,7 MR Breukmodulus/Modulus of rupture
1= <40 kPa; m = 40-1200 kPa; h= > 1200 kPa
35DR  Dispersieverhouding/Dispersion ratio
4AWR Lug-waterpermeabiliteitvexhouding/Alr-wnrer
permeability ratio

Figure 3 Example of analytical data of soils of the modal profiles (LTSS 2021)

classified according to the South African The quantitative physical and chemical B The pedological size soil separates
Binomial System (MacVicar et al 1977). properties, as well as the mineralogical (shown in the red rectangle). The sand,
An example of a modal profile description composition of the soil comprising each silt and clay separates are expressed as
(P137) is given in Figure 2 (LTSS 2021). horizon occurring in the uppermost 1.2 m a percentage of the mass of the fraction
As is evident from Figure 2, substantial of each modal profile, are given in the Land finer than 2 mm.
information is included in the profile Type memoirs. A typical example of the B The exchangeable magnesium cations,
description. This includes the pedologi- physical, chemical and mineralogical data in milli-equivalents per kg (me% x 10)
cal classification, coordinates, elevation, given for each soil of the modal profiles is (shown in the green rectangle).
climate zone, terrain unit type, slope, shown in Figure 3 (LTSS 2021). The pedological soil separate sizes, which
slope shape and details on the water With reference to Figure 3, the follow- differ from the MIT Engineering sizes are
table. In addition, each layer is described ing data of particular relevance to this compared in Table 1.
according to moisture, colour, consistency, paper is included: A comprehensive discussion, including
structure and soil type. Although some B The pedological classification. typical examples, on the information that
of the standard terminology may differ B The depth range of each horizon (shown can be obtained from the Land Type maps
from that of Jennings et al (1973), which in the brown rectangle). and their accompanying memoirs, as well

is employed by the geotechnical fraternity,
the engineering terminology can be Table 1 Pedological and engineering soil separate sizes

inferred from the pedological terminology. e Engineering sizes (MIT)

Furthermore, unlike the Jennings et al

(1973) method, where the origin is given Cre >2mm >2mm
for each layer, the pedological system Coarse sand 2 mmto 0.5 mm 2mm to 0.6 mm
states the parent and underlying materials Medium sand 05 mm to 02" mm 0.6 mm 16 0.2 mm
for the entire profile.

Fine sand 0.2" mm to 0.02 mm 0.2 mm to 0.06 mm
Analytical data of modal Silt 0.02 mm to 0.002 mm 0.06 mm to 0.002 mm
profile horizons Clay < 0.002 mm < 0.002 mm

Approximately 10 000 representative soil
samples were taken from modal profiles for * The actual size used to separate the 0.2 mm size fraction in the analyses conducted for the Land

T is0.212 .
detailed analysis (Patterson et al 2015). JPE SV mm
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Leslie 42 km

Nthorwane 33 km

Roberts Drift 1.5 km

e Roberts Drift/Standerton Road

diagnostic horizns
Undefferentiated

One or more of: vertic, melanic, red structured

Bb Plinthic Catena: upland duplex and margalitic soils rare
Dystrophic and/or mesotrophic; red soils not widespread

Ermelo 69 km

Volksrust 81 km

Scale 1:250 000

Figure 4 Locality of the Roberts Drift-Standerton Road in relation to the Land Types

as reference to test methods, is included in
each Land Type memoir.

METHODOLOGY FOR
UTILISING LAND TYPE DATA
FOR RECONNAISSANCE
ENGINEERING SURVEYS

Approach
The extent to which Land Type data could
be used for reconnaissance geotechnical

16

investigations was illustrated by consider-
ing an area traversed by an existing road in
the Standerton District in the Mpumalanga
Province. An approximately 21 km portion
of the 22.3 km route, which extends from
Roberts Drift to Standerton (Road number
P53/3), was considered.

The aim of this theoretical exercise was
to assess the extent to which any of the
data included in the reconnaissance report,
compiled prior to the construction of this
road, could have been determined from the

Land Type data available for this area. In
particular, emphasis was placed on the ter-
rain and soil data aspects. This was done in
the following two stages:

Stage one - comprised inferring terrain
and soil information, which is relevant
for geotechnical investigations, from the
relevant Land Type inventories.

Stage two — comprised determin-
ing quantitative engineering properties,
including grading, plasticity and the USCS
(USAEWES 1960) and the AASHTO system

Volume 64 Number1 March2022 Journal of the South African Institution of Civil Engineering



(HRB 1945) classification groups, from the
quantitative analytical data of soils of the
modal profiles, using the model discussed in
Fanourakis (2022). This was carried out spe-

Table 2 Differences between the various Land Types occurring along the Roberts Drift-

Standerton Road

Chainage (km) Land Type Difference from previous Land Type

1.5-34 Ea26b
cifically for the soils previously researched ¢
(of the Arcadia, Hutton, Shortlands, 34-100 Ea20g Change in climate, terrain and soils
Swartland and Valsrivier forms). 10.0 - 16.0 Ea26c Change in climate, terrain and soils
Although the model developed by 16.0 - 170 Ea24a Change in climate only
Fanourakis (2022) was based on data of soils
170 - 22.3 (end) Eal7Ze Change in terrain and soils only

in an area located approximately 320 km
northeast of the Standerton area, it was
applied to the area traversed by the road, as
the soils in both areas were expected to be
similar (Harmse & Hattingh 1985).

The proposed approach was verified for
accuracy by considering the Land Types
traversed by an approximately 21 km sec-
tion of the Standerton—Roberts Drift Road
and comparing the information inferred
from the Land Type data to the actual
properties from the geotechnical investiga-
tion report for the same road.

The section of road considered tra-
verses five Land Type units. With respect
to possible Land Type boundary types on
Land Type maps, solid black indicates a
pedosystem boundary, which means that
the climate on either side is the same but the
terrain and/or soil differ on either side. Solid
red lines denote a climate and a pedosystem
boundary, which means that either climate,
terrain and soil are different on either side,
or climate and terrain are different on
either side, or climate and soil are different

the same Land Type. Furthermore, Land
Type Ea24 comprises the same soils and
terrain pattern as Land Type Ea26 but is
characterised by a different climate.

Since climate was irrelevant to this
exercise the data given in the Land Type
inventory of unit Ea26 was assumed to
apply to the area covered by Land Type
Ea24 as well. The soil and terrain invento-
ries for the three Land Type units which the
road traverses (Ea26, Ea20, Eal7) are given
as Figures 1, A1 and A2, respectively (see

Data used on either side. Broken red lines indicate a Appendix for Figures Al and A2).
climate boundary only (LTSS 2021). Table 2 A total of six Land Type modal pro-
Land Type data lists the different Land Types in relation to files (P130, P136, P137, P138, P141 and

Approximately 21 km of the road con-
sidered is located in the area covered by
the 2628 East Rand Land Type map and
accompanying memoir (LTSS 2021). The
remaining 1.5 km portion on the Roberts
Drift end of the road occurs in the area
covered by the 2728 Frankfort Land Type
map. The section of the road covered by
the 2628 East Rand Land Type map was
considered. Figure 4 shows the locality of
the road considered in relation to the Land
Types of the Standerton District, from the
2628 East Rand Land Type map.

Table 3 Extracts of the modal profile analyses

the road chainages. The respects (climate,
terrain or soils) in which the Land Types
differ are also listed in this table.

Referring to the Land Type inventories,
included in the East Rand memoir (LTSS
2021), four Land Type inventories apply
along this route, namely, Eal7, Ea20, Ea24
and Ea26 (see Figure 4). The Land Types
Ea26b and Ea26c are characterised by the
same soils, terrain and climate, but are
separated by another Land Type and hence
the lowercase letter following the Ea26 is
used to indicate separated occurrences of

P143) occurred in the units traversed

by the road. However, P136 comprised

soil of the Sterkspruit form that was not
researched by Fanourakis (2012) and hence
was excluded.

The soil form and series of the profile,
depth of horizons and the pedological soil
separates and exchangeable magnesium (in
me %) for each horizon, for each profile,
extracted from the analytical data given for
these modal profiles, are given in Table 3.
This is the information required by the
model proposed by Fanourakis (2022) for

Pedologlcal soil separates Pedological chemical data
Mod‘al Soil for.m e Depth Sample < 2 i Exch Mg/ Esp’
profile | and series range (mm) | number > 5) 71T 100 g soil
i I e e e
Al 0-280 C2339 5 54.5
pi3p  Valsvier B2 280-640 (2340 1 4 9 25 " 50 105 1 1364
Lindley
B3 640-1 200+ 2341 10 4 10 27 " 47 1.1 2.0 90
by Swartland Al 0-380 4079 4 6 21 40 7 23 27 1.2 18
Nyoka B2 380-730 C4080 3 7 20 30 4 39 6.2 16.4 104
b Arcadi Al 0-600 2558 0 4 7 18 14 52 16.] 440 55
Arcadia A3 600-1 200+ C2559 1 8 10 26 20 35 175 315 6.0
pg  hemsburg 0-840 2337 64 1 4 14 23 56 132 270 48
Rensburg
by Arcadia Al 0-340 4084 17 9 7 22 13 50 156 34 23
Arcadia A3 340-490 C4085 23 17 9 24 14 38 16.3 30.2 33

CoSa = coarse sand; MeSa = medium sand; FiSa = fine sand
*CEC = Cation Exchange Capacity; ESP = Exchangeable Sodium Percentage
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estimating grading, plasticity and engineer-
ing classifications from pedological data.

Geotechnical report for

Roberts Drift-Standerton Road

The data used in this exercise included

the reconnaissance report for this road
(Van Gruting et al 1975). A total of 28

soil profiles were described as part of the
engineering investigation conducted (Van
Gruting et al 1975). Disturbed soil samples
were taken from a number of these profiles
and tested for the determination of their
engineering characteristics (mainly grad-
ing, plasticity and classifications). Two of
these profiles were located within the first
1.5 km of the road, which is covered by the
Frankfort Land Type map, and hence were
not considered in this exercise.

TRANSLATION OF PEDOLOGICAL
DATA INTO ENGINEERING DATA

Stage one - General properties

Geology

In the three Land Type inventories (Ea26,
Ea20 and Eal?) pertaining to the area cov-
ered by this road, the geology of these areas
is given as “dolerite, sandstone, grit and
shale of the Ecca Group, Karoo Sequence”.
Incidentally, the Karoo Sequence is super-
seded by the Karoo Supergroup. According
to the geological sheet covering this area
(Council for Geoscience 1986), the dolerite
occurs mainly between chainages 10 km
and 11.5 km. The geological map also indi-
cates tertiary deposits between chainages
11.5 km and 14 km.

Terrain

According to the three relevant Land Type
inventories, more than 80 per cent of the land
along the entire route is characterised by
slopes of less than eight per cent (the terrain
type commences with an “A”). The difference
between the highest and lowest points in

the landscape is greatest in Land Type Ea26
(between chainages 1.5 km to 3.4 km and

10 km to 17 km), being between 90 m to

150 m (denoted by a local relief class “3” after
the “A” in the terrain type. i.e. “A3”). The
typical land pattern between these chainages
comprises mainly (50%) of mid-slope units
(with slopes of 3% to 15% and slope lengths of
500 m to 1 000 m) and (30%) flat crests (with
slopes of 0% to 5% and slope lengths of 400 m
to 800 m). As dolerite occurs in the area,
these crests may be dolerite dykes.
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Percentage
of total Land
Type area
covered by
various soil
groups

Chainage (km)

Rock

Group 1

Group 2

Group 3

Group 4

Group 5

Group 6

Depth (mm)
Engineering soil type

% of crests
(Terrain Unit 1)

% of midslopes
(Terrain Unit 3)

% of footslopes
(Terrain Unit 4)

% of valley bottoms
(Terrain Unit 5)

Depth (mm)
Engineering soil type
% of crests

% of midslopes

% of footslopes

% of valley bottoms

Depth (mm)
Engineering soil type

% of crests

% of midslopes

% of footslopes

% of valley bottoms

Depth (mm)
Engineering soil type

% of crests

% of midslopes

% of footslopes

% of valley bottoms

Depth (mm)
Engineering soil type

% of crests

% of midslopes

% of footslopes

% of valley bottoms

Depth (mm)
Engineering soil type

% of crests

% of midslopes

% of footslopes

% of valley bottoms

Depth (mm)
Engineering soil type

% of crests
% of midslopes
% of footslopes

% of valley bottoms
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Table 4 General soil groups and occupancy of each Land Type

1.5-34 and
10-17

200-400
clayey sand

3

300-600
clay

45
15
3

250-1 200+

clayey sand;
sandy clay

15
20
3.8

200-1 200

silty sand;
clayey sand

3
10
38

300-600

sandy clay;
clay

45
3
350-1 200

silty sand;
clayey sand

3
5

34-10

200-300
clayey sand
4.5
6

300-600

sandy clay;
clay

9
18
2

200-1 200+

clayey sand;
sandy clay

9
18
23

250-500

sand; silty
sand

0.5

400-600

clayey sand;
clay

0.2
4
300-900

clayey sand;
sandy clay

6
9

17-22.3
(end)

100-250
clayey sand

1.5

300-900
clay

12

35

9.7

0.5
150-1 200+

clayey sand;
clay

12
75
0.8

600-1 000

clay

75

45

35
300-900

clayey sand;
sandy clay
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Depth (mm) >1200
) : ) sand; silty
Engineering soil type sand
Group 7 % of crests
% of midslopes
Percentage
of totallland % of footslopes
Type area % of valley bottoms 0.7
covered by
various soil Depth (mm)
growys Engineering soil type
Stream % of crests
beds % of midslopes
% of footslopes
% of valley bottoms 1 1 1
Legend
Group 1 Intact soil overlying weathered rock (Glenrosa form)

Group 2 Fissured and slickensided dark alluvial soils (e.g. Arcadia form)
Group 3 Fissured non-red alluvial soils overlying — weathered rock (e.g. Swartland and Mayo forms)
- rock (Milkwood form)
— unconsolidated material (e.g. Valsrivier form)
— ferruginised material (Tabankulu form)
- lighter-coloured fissured soil (Bonheim form)
Group 4 Intact soil overlying structured sandy soil (e.g. Escourt, Sterkpruit and Kroonstad forms)
Group 5 Dark fissured soil overlying a gleyed horizon (e.g. Rensburg and Willowbrook forms)
Group 6 Intact soil overlying ferruginised soil or ferricrete (e.g.Westleigh, Avalon and Wasbank forms)
Group 7 Recent sediments or stratified alluvium (e.g. Dundee form)

Group 7 (0.3%) 1

Stream beds (1%) -| [ Rock (2.5%)
Group 6 (9%)

I— Group 1 (5%)

Group 5 (8%)

Group 4

(9%) Group 2

(33%)

Group 3 (31%)

Figure 5 Percentage of road route occupied by various groups

The typical land pattern along the Soils

remainder of the route (Land Types Ea20
and Eal7) consists of less local relief
(compared to Land Type Ea26), comprising
gently undulating hills that are dominated
(50% to 60%) by mid-slope units and 30%
of crests.

According to the soil legend which is used
on the Land Type maps, the Ea units com-
prise dark-coloured and/or red soils, usu-
ally clayey, which have a high base status
(low degree of leaching). More than half
of this Land Type is covered by soil forms

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

with Vertic, Melanic and Red Structured
diagnostic horizons (LTSS 2021).

The percentages of the various terrain
units (e.g. crests and midslopes) which
are occupied by the various soil forms
according to the South African Binomial
Classification System (MacVicar et al 1977)
are given in each inventory (Figures 1, Al
and A2).

From this data the area of each Land
Type (expressed as a percentage) which is
occupied by rock and various Soil Groups
was determined. The seven possible Soil
Groups were determined by the author,
grouping soil forms which have comparable
physical properties from an engineering
perspective (for example colour and/or
structure and soil type). The colour, struc-
ture and soil type are reflected in the char-
acteristics of the various diagnostic horizons
which are discussed in the pedological clas-
sification handbook (MacVicar et al 1977).

The soil type (texture), according to
the pedological textural triangle of the
horizon on which series determination is
based, is given for the soils of the forms
comprising each Land Type in the relevant
Land Type inventory. Using the informa-
tion on soil texture recorded in the Land
Type inventory, a point was located in the
pedological textural triangle (MacVicar et
al 1977). The corresponding point was then
located in the engineering textural triangle
(Tschebotarioff 1951) which determined
the engineering textural soil type.

Table 4 contains the occupancy of each
group, horizon depths and engineering soil
type (textural class) comprising each unit
of each Land Type occurring along the
Roberts Drift-Standerton Road.

Figure 5 shows the proportion of the
various groups, as a percentage, occupying
the section of the road considered. These
percentages consider the proportion of the
road occurring in each of the three Land
Type units. These percentages were calcu-
lated on the premise that the distribution
of the various soils within each Land Type
was uniform.

As is evident from Figure 5, the
dominant Soil Groups 2 and 3 occupy
approximately 33% and 31% of the route,
respectively.

Furthermore, certain inferences,
regarding engineering properties, can
be made for each group, on the basis of
physical characteristics and the soil types
(textures), for example:

B Groups 1 and 6 may be prone to
settlement.
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B Group 2 will be prone to expansiveness
and possibly consolidation settlement.

B Group 3 may be prone to settlement and
expansion.

B Groups 4 and 7 may be prone to settle-
ment or collapse settlement.

B Group 5 may be prone to expansion and
settlement.

Stage 2 - Estimating quantitative
engineering soil properties

Procedure

The engineering soil properties of each
horizon were estimated by applying

the mathematical model proposed in
Fanourakis (2022), using the modal profile
data included in Table 3 as input.

However, with regard to the component
of the model that estimates engineering
grading characteristics from pedological
soil separates, there were two deviations
from the model pertaining to the estima-
tion of the percentages (by mass of the total
sample) passing 0.075 mm and 0.425 mm,
referred to as P0.075 mm and P0.425 mm,
respectively. These deviations were because
the actual size used to separate the 0.2 mm
size fraction in the analyses conducted
for the Land Type survey was 0.212 mm,
whereas in the pedological sieve analyses
conducted by Fanourakis (1999) the sieve
size was 0.25. This was appropriately
accounted for in this paper.

The engineering soil properties were
estimated by applying the mathematical
model to the modal profile data pertaining
to a given unit. A profile in the same unit
described as part of the engineering inves-
tigation (Van Gruting et al 1975) which
had physical properties (such as colour and
structure) similar to those of the modal
profile was then selected. The engineering
profile selected had to be a profile from
which samples were taken and for which
the test results were available. The esti-
mated and actual engineering properties
of the soils comprising the various modal
profiles representing each of the three Land
Types traversed by this road are respec-
tively given in Tables 5 to 7. The estimated
and actual properties for the three units
are discussed below.

Land Type Ea26 (chainages 1.5 km

to 3.4 km and 10 km to 17 km)

Only one modal profile (P141) occurred in
this unit. The soil comprising this profile
was classified as a Rensburg which con-
sists of a Vertic A horizon underlain by a
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Table 5 Estimated and actual engineering properties of the soils occurring in Land Type Ea26

Engineering properties

Estimated properties
Sample number C2337

P2.0 mm
P0.425 mm
P0.075 mm
P0.002 mm

GM
LL
PI
LS

USCS

AASHTO

G horizon which is calcareous in its upper
section (MacVicar et al 1977). Although
soils of the Rensburg form were not
researched in this project, the soils of the
Vertic A horizon, which solely comprise
the Arcadia form, were researched.

Eleven soil profiles were described
between the above chainages during the
reconnaissance survey (Van Gruting et al
1975). Only one of seven profiles (pro-
file SP10), from which one or more samples
were taken for testing, had physical charac-
teristics resembling those of the Rensburg
soil form.

The estimated results of the Vertic A
horizon of the modal profile were com-
pared to the actual results of sample
number SR23 from soil profile SP10 (Van
Gruting et al 1975). The estimated and
actual engineering properties of the soils in
Land Type Ea26 are given in Table 5.

Referring to Table 5, a paired t-test
conducted on the grading and plasticity
data of the mean of the estimated values
and the actual values indicated that the
difference between the two paired sets is
not significant (P = 30%). However, despite
this statistical outcome, which indicates that
the outcome of significance of difference
was not established, and not necessarily
complete acceptance of the null hypothesis,
it is evident that, practically, the estimated
and actual grading characteristics of this
horizon differ considerably. The difference
between the estimated and actual plasticity
characteristics appears to be due to the
difference in the grading characteristics
of these two soils, since the plasticity
characteristics were determined from the

Pedological data Engineering data

Modal Profile P141
Rensburg 20

36

35

32

21

197

62

33

16.1

SC

A-2-7

Engineering Profile SP 10
Actual properties
Sample number
SR 23

100
97

64

039
40
20

105

CL

grading characteristics and exchangeable
magnesium of the soil using the appropriate
regression equation from Fanourakis (2012).
Hence, if the soil comprising the Vertic A
horizon of the modal profile had similar
grading characteristics to those of the

Vertic A horizon in profile SP10, the same
plasticity characteristics could probably be
expected from both these soils. However,
this could not be proved, as using the actual
engineering grading with the chemical data
(from modal profile P141) yielded values that
were outside of the range on which the rela-
tionships in Fanourakis (2012) were based. It
should be noted that the two soils compared
were located approximately 29 km apart

and changes in grading characteristics over
this distance are obviously not unusual.
Nevertheless, the soil type in the modal
profile description of P141 indicates this

soil to be a dry, black, very hard, blocky clay,
which would render it unsuitable for found-
ing of a road or as a road building material.
Finally, with reference to Table 4, this soil is
characterised as Group 2, which confirms

its unsuitability.

Land Type Ea20 (chainage

3.4kmto 10 km)

A total of two modal profiles occurred

in this unit (P130 and P137), as shown in

Table 3. Modal profiles P130 and P137

comprised soils of the Swartland and

Valsrivier forms, respectively (LTSS 2021).
Eleven profiles were recorded between

the above chainages as part of the engi-

neering reconnaissance survey conducted

(Van Gruting et al 1975). These profiles

comprised soils of the Swartland, Arcadia,
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Table 6 Estimated and actual engineering properties of the soils occurring in Land Type Ea20

Modal Profile P137
Engineering Swartland 41

properties

Sample number

. Engineering
Pedological data

Estimated properties

Sample number

C4079 C4080
P2.0 mm 96.0 970
P0.425 mm 86.1 86.5
P0.075 mm 519 58.0
P0.002 mm 228 378
GM 0.66 0.58
LL 30.1 386
Pl 12.6 171
LS 6.5 9.2
USCs CL CL
AASHTO A-6 A-6

M'ean @i Engineering
estimated Profile SP 13
properties Actual

Sample properties

numbers Sample number

C4079 & C4080 SR 29

2 100
86 98
= 60
30 16

0.60 042
34 33
e 16
79 3
L cL
A6 A6

Table 7 Estimated and actual engineering properties of the soils occurring in Land Type Ea17

. Engineering
Pedol |
edological data data

Modal Profile P138
Arcadia 40

Engineering

Modal Profile P143
Arcadia 40

Engineering
Profile SP 17

properties Estimated properties Estimated properties Mean of Actual
estimated | properties
Sample Sample Sample Sample properties Sample
number number number number number
C2558 C2559 C4084 C4085 SR 32
P2.0 mm 100 99 83.0 77.0 90 99
P0.425 mm 944 89.1 74.5 629 80 95
P0.075 mm 80.1 69.6 619 494 65 74
P0.002 mm 547 35.0 411 287 40 7
GM 0.26 042 0.81 mm 0.6 0.32
LL 64.6 604 634 61.3 62 64
PI 34.0 31.7 333 32.2 33 36
LS 16.6 15.8 16.4 16.0 16 14
USCS CH CH CH SC CH CH
AASHTO A-7-5 A-7-6 A-7-5 A-7-6 A-7-6 A-7-6

*  Borderline: If Pl was 0.2 higher, classification would be A-7-6.
** Borderline: If P0.075 mm was 0.1 higher, classification would be CH.

Rensburg, Katspruit, Glenrosa and Mispah
forms. This was determined by simply
inspecting the physical characteristics of
the horizons in each of the profiles. Only
one of the profiles from which samples
were taken for testing (SP13) had the physi-
cal characteristics of the Swartland form.
Sample number SR29 was tested from this
profile (Van Gruting et al 1975).

The plasticity estimation component of
the model could not be applied using the
modal profile data from profile P130 for the
following reasons:

B The cation exchange capacities (CECs) of
the soils comprising the three horizons

in this profile ranged from 1.1 to 2 milli-

equivalents per 100 g soil. These were

lower than those of the soils researched
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by Fanourakis (2012), which were 2.2 to

4.4 milli-equivalents per 100 g soil.

B The exchangeable sodium percentages
(ESPs) were in excess of 50% (ranging
from 55% to 136%), whereas those of
the soils researched, and on which the
relationships in Fanourakis (2012) were
based, were generally below 5%.

The mathematical model was then applied

using the pedological data from profile

P137. The estimated and actual engineering

properties of the soils in Land Type Ea20

are given in Table 6.

Referring to Table 6, a paired t-test con-
ducted on the grading and plasticity data of
the mean of the estimated values and the
actual values indicated that the difference
between the two paired sets was not sig-
nificant (P = 78%). Hence the null hypoth-
esis was not rejected. Furthermore, the
Atterberg Limits in the two sets compared
were almost identical and the classification
groups are identical.

Land Type Ea17 (chainage 17 km to end)
Two modal soil profiles occurred in this
unit, P138 and P143 (LTSS 2021). Each

of these profiles comprised two Vertic A
horizons and are classified as Arcadia
according to the South African Binomial
Classification System (MacVicar et al
1977). Five soil profiles were recorded
between the above chainages during the
reconnaissance surveys (Van Gruting et

al 1975). Of these five profiles, profile

SP17 comprised soil which had the physi-
cal characteristics of a Vertic A horizon.
Sample number SR32, taken from this hori-
zon which appeared to have the physical
properties of a Vertic A horizon, was tested
to determine its engineering properties
(Van Gruting et al 1975).

The model was applied to the four sets
of pedological data pertaining to the two
horizons of each of the two modal profiles
to determine their engineering properties.

The estimated and actual engineering
properties of the soils in Land Type Eal7
are given in Table 7.

Referring to Table 7, a paired t-test
conducted on the grading and plasticity
data of the mean of the estimated values
and the actual values indicated that the dif-
ference between the two paired sets is not
significant (P = 95%). This non-rejection
of the null hypothesis was despite the dif-
ference in clay content (40% and 7%) of the
two groups compared. The actual reported
clay content value of 7% (in the road report)
is questionable, as this indicates an activity
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of clay in excess of five. Although such high
activities of clay are possible (Skempton
1953), the similar soils of the Arcadia form
researched comprised activities of clay
ranging from 0.47 to 1.95. Finally, in the
two sets compared, the Atterberg Limits
were almost identical, and the classification
groups were identical.

General comparison of the

road reconnaissance report

to Land Type data

In the reconnaissance report the entire
area was mapped as a single land pattern
or unit, whereas according to the Land
Type map the road is located across three
different units. The section of the recon-
naissance report dealing with the soils
along the proposed road briefly discusses
the dominant alluvial soils and colluvial/
residual soils separately.

The alluvial soils have a sandy to clayey
silt texture and are present over most of the
area mapped. These soils extend to depths
between 1.0 m and 4.0 m, and are thought
to have been deposited in the past by the
Vaal River. Mention is also made that
certain zones which may contain expansive
or heaving clays were identified during the
aerial photographic interpretation (Van
Gruting et al 1975).

The surface soils which are colluvial or
residual are scattered throughout the area
and are only associated with the plateaux
and raised dolerite ridges. The colluvial
soils, which extend to depths ranging
from 0.1 m to in excess of 1.0 m and have
a silty to sandy clay texture, are usually
underlain by residual dolerite or shale along
the side slopes of the ridges (Van Gruting
et al 1975).

The discussion on the soils in the
reconnaissance report essentially contains
the same information as data given in the
Land Type inventories of the Land Types
traversed by the road.

The engineering soil properties estimat-
ed from the quantitative modal soil profile
data were all statistically significant and
compared favourably to those of the same
soil types tested during the reconnaissance
survey, in the case of 86% (six of the seven)
sets of data. The differences in the grading
characteristics of the soils compared may
be attributed to the horizontal distances
(ranging from 29 km to 5.6 km) between
the modal profiles and the profiles to
which they were compared.

No modal profiles were recorded in the

dolerite areas. This is of great importance
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when establishing potential borrow areas.
In addition, the probability that a modal
profile will be located on a route which in
future may be used for the construction
of a road or in a potential borrow area is
slight. In general, when investigating bor-
row pits, it is the pedocretes (such as pedo-
logical “C”-horizons, etc) or weathered rock
which are of interest and warrant testing.
In the pedological soil classification system
none of the soil series are determined

on the properties of the pedocretes or
weathered rocks, and hence no indication
of the physical and/or chemical composi-
tion of the pedocretes is given in the soil
series. However, the pedological profile
may indicate that pedocretes do occur in a
particular area.

The geological data supplied in the
Land Type inventories are merely tran-
scriptions of the standard geological survey
data which appear on the geological maps
(Council for Geoscience 1986) and are,
therefore, brief. The geological data in the
engineering reconnaissance report is given
in detail, including a geological cross-
section of the route.

CONCLUSIONS

Land Type data, together with the model
developed, may be successfully used, ide-
ally by appropriately qualified registered
geotechnical professionals, to plan recon-
naissance surveys. Soils of the same soil
form with physical and chemical proper-
ties as the soils included in the research
project, but which occurred outside the
area in which the research was conducted,
displayed statistically significant (P = 30%
to P = 95%) estimated engineering proper-
ties (when compared to the actual proper-
ties). In 86% of the data sets the estimated
properties were almost identical to the
actual properties.

This case study highlighted the fact
that data of engineering relevance deter-
mined using the Land Type memoirs and
the mathematical model by Fanourakis
(2022) may be used to obtain an indica-
tion of materials, drainage characteristics,
subgrade conditions and potential problem
soils occurring in an area or along a route.
Such information would be of benefit,
including during reconnaissance geotech-
nical surveys, and in planning and costing
detailed investigations.

Since the information contained in
the Land Type maps is (because of the
small scale used) too general to enable

the location of borrow material, it appears
that the use of conventional aerial pho-
tographic interpretation techniques is a
more effective method of locating potential
borrow areas.
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LANDTIPE/LAND TYPE : Ea20
KLIMAATSONE/CLIMATE ZONE : 24S
Opperviakte/Area : 346350ha

Beraamde oppervlakte onbeskikbaar vir landbou
Estimated area unavailable for agriculture : 7000ha

Terreineenheid/Terrain unit : 1
% van landtipe/% of land type 5 30
Oppervlakte/Area(ha) - 103905
Helling/Slope (%) S 0-4

Hellingslengte/Slope length (m) : 200-600
Hellingsvorm/Slope shape
MBO. MB1 (ha)

67540

MB2-MB4 (ha) 3 36367

Grondseries of landklasse Diepte M™MB: % ha

Soil series or land classes Depth

(mm) :

Rots/Rock 4: 9 5195
Rydalvale Ar30, 3

Arcadia Ar40 300~ 600 0: 30 31172

Nyoka Sw41l, Swartland Sw31 250~ 400 0: 15 15586
Milkwood Mwil, $

Msinsini My1l1 200~ 300 3: 15 13586

Mispah Ms10, Trevanian Gs17
Williamson Gs1é, :
Kinross Sd20 200~ 300 3: 15 15586
Soetmelk Av36,
Bezuidenhout AV37,

Bergville Av27 600~ 900 10 10391
Lindley Va4l 2350~ 400
Sibasa Wel3 300~ 400 10 10391

5 OB 0. .

Rensburg Rg20,
Chinyika Wo21,

Sarasdale Wo20 400~ 600 O
Sterkspruit Ss26 L2350~ 400 O:
Estcourt Es36, :

Uitvliugt Es34 300~ 500 0O
Bonheim Bo41, Wee Bo40 900-1200+0
Stroombeddings/Stream beds 4:

Terreintipe/Terrain type A2
Terreinvormskets/Terrain form sketch

Voorkoms (kaarte) en oppervlaktes/Occurrence (maps) and areas:
2628 East Rand (340630ha!}

500-1000
X=Y

%

30
10

10

10
10

155859

51953

ha
10391

62343
20781

20781

20781

20781
20781
10391

10391

10391

|3 —— 5, 3 :
Aﬂ_p—_,_,)——-___<\\§§_2____-
1550m 4.5

'

S
17318
1-4

100-500

X
16452

866

% ha
40 6927
S 866
5 866
29 4329
S 866
-] 866
S 866
10 1732

5
17317
0-1

100~-500
X

%

80

20

13853

3463
ha

13853

3463

2728 Frankfort(3700ha}

Klei-inhoud

Clay content

Totaal/Total
8>124 ]
8<12% 253701
92649
ha % A
15386 4.3
100442 29.0 45-70
37233 10.8 20-30
37233 10.8 30-45
36367 10.5 20-30
31172 9.0 20-30
25110 7.3 20-3%
20781 6.0 20-30
14719 4.2 30-70
11286 3.3 15-20
112396 3.3 10-20
1732 0.5 30-45
3463 1.0

%

E B21

35-45

25-40
40-50
3%-350

35-50

10-13 39-30
30-43

Inventaris deur/Inventory by :

J L Schoeman

Modale profiele/Modal profiles
P130 P136 P13

Tekstuur
Texture

Hor Klas
Class

fisaCl-Cl
fi/meSaCllm

>>

A fiSaClLm-SaCl
A fi/meSaCllLm

B fi/meSaClLm-SaCl
A fi/meSaCllLm
A fi/meSaCllm

#iSaClLm-C1l
fi/meSalm

Lmfi/meSa-Salm
fisaClLm-SaCl

»>» »>

Ter verduideliking van hierdie tabel kyk LANDTIPE-INVENTARIS (inhoudsopgawe)

For an explanation of this table,

Geologie:

Doleriet;

sandsteen,

Opeenvolging Karoo

Geology:

Dolerite;
Karoo Sequence

sandstone,

consult LAND TYPE INVENTORY (table of contents

grintsteen en skalie van die Groep Ecca,

grit and shale of the Ecca Group.

7

Diepte~-
beperkende
materiaal
Depth
limiting
material
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Figure A.1 Land Type inventory of Ea20 (LTSS 2021)
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LANDTIPE/LAND TYPE ¢ Ealz Voorkoms (kaarte) en oppervliaktes/Occurrence (maps) and areas: Inventaris deur/Inventory by

KLIMAATSONE/CLIMATE ZONE : 24S 2628 East Rand(243060ha) J L Schoeman
Oppervlakte/Area : 2430&0ha Modale profiele/Modal profiles
Beraamde oppervlakte onbeskikbaar vir landbou P138 P143

Estimated area unavailable for agriculture : 5000ha

Terreineenheid/Terrain unit 3 1 a 4 L Totaal/Total Klei-inhoud Tekstuur Diepte—
% van landtipe/X of land type 3 30 s0 13 s Clay content Texture beperkende
Oppervlakte/Areacha) s 72918 121530 36459 12153 materiaal
Helling/Slope (%) 2 2-s 2-8 1-3 o-1 Depth
Hellingslengte/Slope length (m) :  300-600 800-1000 100-300 30-300 % limiting
Hellingsvorm/Slope shape 3 Y Y X X material
MBO. MB1 (ha) < 54689 121532 36459 9722 8>12% ]

3 8<12% 222399
MB2<=MB4 (ha) b 18230 o (] 2431 20661
Grondseries of landklasse Diepte MB: % ha % ha % ha * ha ha * A E B21 Hor Klas
Soil series or land classes Depth z Class

(mm)

Grond-rotskompleks
Soil-rock complex

Rots/Rock 4 S 3646 3646 1.5
Msinsini Myil,

Milkwood Mwli,Mayo Myl0 150- S00 3: 15 10938 10938 4.5 30-50 20-30 A fiSaCllLm-SaCl soiR
Mispah Ms10, Trevanian Gs17 100- 250 3: § 36486 3646 1.5  20-30 A fi/meSaCllLm Riso
Arcadia Ar40, :

Rydalvale Ar30 300- 900 O: 40 29167 70 83071 &3 23698 10 1219 139152 57.3 45-70 A Ci so
Rensburg Rg20,Phoenix Rg10 &00-1000 O 1S 18230 30 10938 70 8507 37674 13.3 435-70 A C1 gc
Arniston Va3l.Lindley Va4l.

Chalumna Va32, :

Sheppardvale Vad2 300~ 450 O: 15 10938 3 6077 17014 7.0 235-33 40-60 A fi/meSaCllm gcivp
Swartland Sw31. :

Hogsback Sw32 200~ 450 O: 10 7292 3 &077 13368 5.8 2s-3s 40-60 A +¢i/meSaCllm ic
Glengazi Bo31,Bonheim Bo41 900-1200+0: S 6077 S5 1823 7899 3.3 33-%0 39-50 A fiSaClLm-Cl gci so
Sibasa Wel3 300- 450 0: S 36486 3646 1.5 25-30 40-50 A fi/meSaClLm sp
Soetmelk Av3é4, H

Bezuidenhout AV37 300- 700 O: E] 3646 3646 1.5 23-30 30-40 B Ffi/meSaClLm-SaCl sp
Stroombeddings/Stream beds 4: 20 2431 2431 1.0
Terreintipe/Terrain type : A2 Ter verdvideliking van hierdie tabel kyk LANDTIPE-INVENTARIS (inhoudsopgawe?)
Terreinvormskets/Terrain form sketch For an explanation of this table, consult LAND TYPE INVENTORY (table of contents)

Geologie: Doleriet: sandsteen, grintsteen en skalie van die Groep Ecca,
Opeenvolging Karoo.

2 5 4 f
1550m - 3 Geology: Dolerite; sandstone, grit and shale of the Ecca Group, Karoo

Sequence.

Figure A.2 Land Type inventory of Ea17 (LTSS 2021)
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