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Abstract

This study is to determine the activities and correlations in the fundamental
properties of the termite mounds soils Cubitermes spp and Macrotermes sp.
The Intrinsic properties depend on the mineralogy, organic composition and
texture of soil. Grain size, Atterberg limits and soil blue values are geotech-
nical properties that were used to characterize the two soils. On the basis of
the geotechnical properties, specific surface area, cation exchange capacity,
relative activity, surface activity and soil activity were determined. The corre-
lations obtained in the intrinsic soil properties are linear and polynomial fits.
Indeed, the relationship between the plasticity index and the blue value of a
soil on the one hand and between the specific surface area and the cation ex-
change capacity on the other hand, is a linear fit for all soils in general. The
relationship between plasticity index and specific surface area is a linear fit for
the soils (C, M). Correlations in intrinsic soil properties that have a coeffi-
cient of determination close to 1 can be used in geotechnical engineering to
predict one of the two desired parameters.

Keywords

Activity, Relative Activity, Surface Activity, Cation Exchange Capacity, Specific
Surface, Termite Mound Soil

1. Introduction

Termite mound soils are widespread in many ecosystems, from Africa south of
Sahara to Americas and Asia [1] [2]. Termites that build termite mounds include

species with different feeding and nesting habits. Carbon mineralization influ-
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ences soil properties and structure [3] [4]. The technical performance of termite
mounds is related to their shape and results from ecological needs. Termites
largely control the flow of energy and matter in tropical savannas [5] [6] [7]. The
shapes of the termite mounds depend on the properties of soil which have no
impact on the size or age of the colony. Termite mounds often last for more than
ten years after the termites have left [7]. The nests of Macrotermes sp termite
mounds are cathedral-shaped and have a diameter of 2 - 3 m at the base and a
height of up to 5 m. In contrast, the nests of Cubitermes spp termite mounds are
mushroom-shaped and have a diameter of 30 - 50 cm at the base and a height
of up to 60 cm. The presence of termite mounds per unit area from site to site
is highly variable, generally low in forest areas and in wetland soils [7] [8].
The abundance of Cubitermes spp termite mounds and their particular phys-
ic-chemical properties justify their use in agricultural soil fertilization [9] [10]
[11]. Termite mound soils are used in earth road construction because of their
consistency, CBR and compressive strength [12]. However, Macrotermes sp
termite mound soils are also used in the manufacture of mud bricks, pottery,
flooring and wall plasters in traditional houses [11]. Many studies have been car-
ried out to understand the impact of termite mounds on their environment. In-
consistencies reported in the literature may be due to variations in site characte-
ristics, species, genus of termites, land use on site and sampling location [3] [9]
[12] [13]. Tropical termites in savannahs and temperate forests emit methane,
fix nitrogen and change the structure of forests [14]. Termites can search for soil
grains up to ten meters deep to build their nests. Termites modify the structure
and content of soil clays by injecting saliva containing certain minerals [15]. The
granulometric distribution of a soil is one of the determining factors used to
classify soils and define standards of use in geotechnics [16]. It is important to
have the geotechnical properties of soils and interactions with the local envi-
ronment [17]. Indeed, the behavior of the material depends not only on its gra-
nularity but also on its mineralogy. Several studies on geotechnical properties
have been carried out to characterize termite mounds soils [12] [18]-[24]. De-
spite the diversity of these studies, they have not exhausted the subject. To our
knowledge, the activities and correlations between the basic properties of termite
mound soils have not yet been reported. Indeed, the activity provides a method
for distinguishing fine soils by mineralogy. The clay fraction indicates the varia-
tion of the physic-chemical potential in terms of plasticity index as the clay frac-
tion increases. The variation in plasticity along the line reflects the effect of the
amount and type of clay, whereas the plasticity index is not a fundamental soil
property. The relationship between cation exchange capacity activity and surface
activity can provide a basis for describing the mineralogical composition of fine
soils [25]. Specific surface area and cation exchange capacity are intrinsic soil
properties that influence the behavior of fine soils. By combining these two pa-
rameters with the clay fraction, new soil activity values are defined. The plastici-

ty index is the range of the water content over which a soil exhibits plastic beha-
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vior. It is expected that for two soils with the same clay fraction, the more active
mineral soil will have the higher plasticity index [25]. The relative activity de-
fines the role of the specific surface on the plasticity of soil. In other words, for
two soils with the same plasticity index and different clay fractions, different
specific surface areas can be expected depending on the mineralogy of the soil.
The specific surface area in combination with the clay fraction gives an insight
into the mineralogy; whereas the clay fraction does not identify the clay mineral
species present in the soil [26]. The specific surface area used in conjunction
with the plasticity index can help identify the mineralogy of clays. Activity and
surface activity are normalized by the clay fraction. In other words, a linear plot
of activity versus surface activity suggests that a plot of plasticity index versus
specific surface area should be linear [27].

The objective of this study is to determine the activities and correlations be-
tween the fundamental properties of the termite mounds soils Cubitermes spp

and Macrotermes sp.

2. Materials and Methods
2.1. Materials

The location of sample collection sites is shown in Table 1. At each site, about
20 kg of Macrotermes sp termite soil and 3 - 5 Cubitermes spp termite mounds
were collected from an area of up to 400 m® The color of soils of Macrotermes
sp termite mounds ranged from grey to yellow and those of Cubitermes spp
termite mounds from black to yellowish grey (Figure 1). Soil samples from Cu-
bitermes spp termite mounds will be marked with the letter C followed by an
index (C1-C14), and those from Sp Macroterms with the letter M followed by an
index (M1-M13) (Table 1).

2.2. Methods

The samples collected in situ are transported to laboratory where the soils are
crushed and sieved with a 2 mm sieve before testing. The particle size, Atterberg
limits, methylene blue value of soil are geotechnical properties that were deter-
mined to characterize two soil types (C and M).

On the basis of geotechnical properties thus defined, the intrinsic properties of
soil are determined, namely: specific surface area, cation exchange capacity, rela-
tive activity, surface activity, soil activity.

From the physical and chemical properties of grains, the termite mound soils
(C, M) are classified according to the AASHTO T88-70 and USCS classifications.

Origin Pro 2019b software was used in the process of developing correlations

between the intrinsic properties of soils (C and M).

2.2.1. Particle Size Analysis
The granulometry represents the percentage distribution of solid grains according

to their dimensions. For particle separation, two types of tests were performed
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Table 1. Location and soil sampling of termite mounds Cubitermes spp (C) and Macro-
termes sp (M).

Soils Localities Sampling Collection site
BARA Cl1 15°54'E; 1°04'S
BOKOSONGHO Cc2 13°35'E; 4°25'S
BRAZZAVILLE C3 15°17'E; 4°16'S
GAMBOMA C4 15°51'E; 1°52'S
LOUIGUI C5 14°45'E; 4°28'S
LOUTETE Cé6 13°50'E; 4°17'S
Termite mound soils MBE-NGABE Cc7 for the northern area
Cubitermes spp MPOUYA Cs8 16°11'E; 2°37'S
NGO-CENTRE C9 15°45'E; 2°29'S
NGO-NORD C10 15°45'E; 2°29'S
NTOMBO M. Cl1 —4.86S; 14.40E
ODZIBA-MBE C12 for the northern area
OLLOMBO C13 15°55'E; 1°15'S
YENGOLA Cl4 4°20'25"S; 13°52"25"E
BARA M1 15°54'E; 1°04'S
BOKOSONGHO M2 13°35'E; 4°25'S
BRAZZAVILLE M3 15°17'E; 4°16'S
GAMBOMA M4 15°51'E; 1°52'S
LEKANA M5 15°48'E; 1°54'S
LOUTETE Mé6 13°50'E; 4°17'S
Te;;;ﬁ;:;’i :;ﬂs MPOUYA M7 16°11'E; 2°37'S
NGO-CENTRE MS8 15°45'E; 2°29'S
NGO-NORD M9 15°45'E; 2°29'S
NGO-SUD MI10 15°45'E; 2°29'S
ODZIBA-MBE Ml11 for the northern area
OLLOMBO Mi12 15°55'E; 1°15'S
YENGOLA M13 4°20'25"S; 13°52"25"E

Figure 1. The Cubitermes spp and Macrotermes sp termite mounds.
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by: sieving for grains of the size ¢ > 80 pum according to NF P94-056 [28] and the
sedimentation for the grains of diameter ¢ < 80 um according to NF P94-057
[29]. The grain size fraction is deduced from the recommendations of grain size
nomograms, considering clays as particles < 0.002 mm, silts 0.002 - 0.06 mm and
sands 0.06 - 2 mm. The grain distribution of a soil is characterized by the un-

iformity coefficient C, and the curvature coefficient C, defined by the following

formulae:
C, = M
DlO
D 2
C.= (y) )
Dy x Dgg

D,—is the particle size corresponding to x% by weight of sieving.

2.2.2. Atterberg Limits
The Atterberg limits are determined by the Casagrande method, in accordance
with NF P 94-051 [30]. The plasticity index characterizes the extent of the wa-
ter content range in which soils behave plastically. The limits of liquidity (Z;)
and plasticity (P;) are determined on the fraction of soil (mortar) passing a
0.40 mm sieve. The plasticity index (PI) is expressed by the following rela-
tionship:

Pl=L -P (3)

2.2.3. Blue Value of a Soil

The measurement of methylene blue adsorption capacity of a soil consists of
measuring the quantity of methylene blue adsorbed by the 0/5 mm fraction of
material suspended in water. This test makes it possible to characterize the clay
content (or cleanliness) of a soil. It is a quantity that is directly linked to the spe-
cific surface of soil and reflects the overall quantity and quality (activity) of the
clay fraction. The methylene blue value of a soil (BVS) is determined by the
standard N FP 94-068 [31].

2.2.4. Specific Surface of a Soil

Specific surface area (SSA) refers to the actual surface area of a soil particle as
opposed to its apparent surface area. It is of great importance for phenomena
involving surfaces, such as water adsorption and absorption. This parameter al-
lows the interpretation of physical characteristics such as shrink-swell potentials.
Depending on the geotechnical properties, the specific surface is determined by
the following formula:

SSA =20.93%BVS (4)
SSA (m?/g)—specific surface, BVS (g/100g)—blue value of a soil.

2.2.5. Cation Exchange Capacity

The cation exchange capacity is the number of cations in the double layer that
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can be easily replaced or exchanged by other cations per 100 grams of soil. It is

determined by the formula:

CEC = BVS #1000 )
374

CEC (meq/100)—cation exchange capacity; BVS (g/100g)—blue value of a

soil.

2.2.6. Activity

The “Ac” activity characterizes the mineral constituting the fine particles. When
the clay content is sufficiently high, grains larger than two micrometers are em-
bedded in the clay and barely touch each other. The activity can be related to the
mineralogy and geology of the soil and defined as the ratio between the plasticity
index PI and the clay content CF [32]:

Ac = Pl (6)
CF(%) <0.002 mm

Ac—activity, PI—plasticity index, CF—clay fraction.

2.2.7. Relative Activity
The relative activity is the ratio of the plasticity index to the specific surface area,

which defines the role of the specific surface area on the plasticity of soil [26]:

Pl

“SSA @)

RA—relative activity, PI (%)—plasticity index, SSA (m?/g)—specific surface

area.

2.2.8. Surface Activity
Kaolinite and Illite minerals are defined according to the surface activity Sc
which is the ratio of the specific surface area to the clay fraction CF, defined by

the following formula:

_SSA

Sc=——
CF

(8)
Sc (m?/g * 102)—surface activity, SSA (m?/g)—specific surface, CF (%)—clay

fraction.

2.2.9. Cation Exchange Capacity Activity

The minerals Illite and Montmorillonite are defined according to the Cation
Exchange Capacity Activity CECA which is the ratio of the cation exchange ca-
pacity to the clay fraction is defined by the following formula:

CECA _CEC 9)
CF

CECA—cation exchange capacity activity, CEC (meq/100)—cation exchange
capacity, CF (%)—clay fraction.
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3. Results

3.1. Soil Identification and Classification

Figure 2 shows the particle size distribution of the different termite mound soils
(C, M). The contents of clay, silt, sand, the percentage of fines passing the 80 pm
sieve and the Atterberg limits are shown in Table 2. The grain sizes corres-
ponding to D10, D30, D60 by sieve weight deduced from the sieve curves are
used to determine the uniformity coefficients Cu and curvature coefficients Cc
of soils.

3.2. Geotechnical Properties of Soils (C, M)

According to Table 2, the coefficients of uniformity Cu and curvature Cc of soils
Cl1 - C4, C6, C8 - Cl11, C13 - M2, M4 - M6, M9 - M13 are not measurable. The
soils (C5, C7, C12) have uniformity coefficients that vary from Cu (1.03 - 51.3
mm) and curvature Cc (0.04 - 7.4). For the soils (M3, M7, M8), their uniformity
coefficients vary from Cu (30 - 116) and curvature Cc (5.42 - 14.82). The soils
(C5, C7, C12, M3, M7, M8) have uniformity coefficients Cu > 2, that is, they
have a spread grain size. However, the grain distribution of these soils is poorly
calibrated. Indeed, their curvature coefficients do not integrate the recommend-
ed spindle for this purpose (1 < Cc < 3). Soils C4, C7, C12, M3, M6, M8, M12 are
low plastic silts, soils C1, C3, C6, C8-C11, C13, C14, M2 are moderately plastic
clays; soil C2 is a very plastic clay and soils C5, M1, M4, M5, M7, M9-M11, M13
are low plastic clays.

Swelling potential is the linear volume change of soil due to water absorption.
For this purpose, soils C7, M10 are low swelling, soils C1, C2, C4, C5, C11 - Cl14,
M6, M9, M11, M12 are medium swelling and soils C3, C6, C8 - C10, M1 - M5,
M7, M8, M13 are swelling. Soils C2, C6, C8 - C10, C12, C14, M2 are class A-7
(A-7-6) clays. Soils C1, C3, C5, C11, C13, M9 - M11, M13 are clays and M6 is a

1004 M
—=—C1
—=— M1
g e || % o2
9 call 8 ——M3
o —v o
8 ——c5 || & T M4
c £ 60+ ——M5
o —4—C6 @
e o —a— M6
[0) —»—C7 [0
> —e—cCs8|| 2 —>—M7
2 ——co || 2 407 *—M8
a ——c10|| @ —*—M9
o ——C11|| o —+—M10
——C12 204 —o—M11
- c13 M12
“C14 ——M13
0 T T T T 0 T T T T T T T T T
0.001 10 0.001 0.01 0.1 1 10
Grain size (mm) Grain size (mm)

Figure 2. Particle size distribution of termite mound soils.
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Table 2. Classification of termite mound soils (C, M).

Classification
Samples  Sand (%) Silt (%) Clay (%) Cu Cc LL(%) PL (%) PI(%)
AASHTO USCS

Cl1 23 48 29 - - 30.5 17 13.4 A-6 Clay

C2 13 44 43 - - 50.8 23.6 27.2 A-7 (A-7-6) Clay

C3 37 44 19 - - 32.9 19.9 12.6 A-6 Clay

C4 47 28 25 - - 11.6 2.1 9.5 A-4 Silt

C5 40 37 23 3.87 0.371 26.4 14.8 11.6 A-6 Clay

Cé6 27 37 36 - - 48.2 23.1 25.1 A-7 (A-7-6) Clay

C7 41 32 27 51.3 7.4 27.1 19.6 7.5 A-4 Silt

C8 26 46 28 - - 41.4 18.7 22.7 A-7 (A-7-6) Clay

C9 24 46 30 - - 40.7 19.8 20.9 A-7 (A-7-6) Clay
C10 29 23 48 - - 45 12 33 A-7 (A-7-6) Clay
Cl11 63 4 33 - - 32.2 16.1 18.6 A-6 Clay
Cl12 39 38 23 1.025 0.041 41.4 20.7 12.1 A-4 Silt
C13 25 38 37 - - 40 20 18 A-6 Clay
Cl14 50 4 46 - - 454 22.7 26.2 A-7 (A-7-6) Clay
M1 73 8 19 - - 15.9 0 15.9 A-2 (A-2-6) Clayey sand
M2 24 45 31 - - 42 19.9 22.1 A-7 (A-7-6) Clay
M3 77 19 04 30 5.42 18.5 13.6 4.9 A-2 (A-2-4) Silty sand
M4 81 5 14 - - 21.2 8.4 12.8 A-2 (A-2-6) Clayey sand
M5 79 8 13 - - 15.5 0 15.5 A-2 (A-2-6) Clayey sand
M6 24 51 25 - - 38 27.5 10.5 A-6 Clayey silt
M7 88 2 10 78 14.82 234 13.6 10.4 A-2 (A-2-4) Clayey sand
M8 73 17 10 116  11.07 24 13.6 9.8 A-2 (A-2-4) Silty sand
M9 55 7 38 - - 23.2 12 14.4 A-6 Clay
M10 58 5 37 - - 19.6 11.4 11.8 A-6 Clay
M11 58 23 19 - - 27.9 9 10.6 A-6 Clay
M12 74 5 21 - - 41.31 14.9 13 A-2 (A-2-6) Clayey sand
M13 26 43 31 - - 26.4 20.1 21.2 A-6 Clay

Size fraction (sand, silt, clay), Cu—coefficient of uniformity, Cc—coefficient of curvature, LL (%)—liquidity limit, PL

(%)—plasticity limit, PI (%)—plasticity index.

clayey silt, all class A-6. Soils M1, M4, M5, M7, M12 are clayey sands of class A-2
(A-2-6), soils C4, C7, C12 are silts of class A-4 and soils M3, M8 are silty sands
of class A-2 (A-2-4).

In order to further characterize the soils (C, M) in accordance with the objec-
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tive, the following paragraph deals with the intrinsic properties of the soil.
According to Table 3, the relative activity, which is the ratio between the plas-

ticity index and the specific surface area RA (PI/SSA), is no other than the ratio

between activity and surface activity (Ac/Sc). The C14 and M13 soils have the

Table 3. Basic soil properties (C, M).

Sample (g?l‘(,)(s)g) Ac (m? /gsi 102) (;SZZ’) (me?jlc(:)Og) RA Ac/Sc CECA
Cl1 0.41 0.462 0.296 8.58 1.096 1.56 1.56 0.038
C2 0.80 0.630 0.389 16.74 2.139 1.62 1.62 0.050
C3 0.35 0.664 0.386 7.33 0.936 1.72 1.72  0.049
C4 0.25 0.38 0.209 5.23 0.668 1.82 1.82 0.027
C5 0.30 0.504 0.273 6.28 0.802 1.85 1.85 0.035
Cé6 0.70 0.697 0.407 14.65 1.872 1.71 1.71 0.052
C7 0.21 0.278 0.163 4.40 0.561 1.70  1.71  0.021
C8 0.66 0.81 0.493 13.81 1.765 1.64 1.64 0.063
C9 0.60 0.697 0.419 12.56 1.604 1.66 1.66 0.053

C10 0.95 0.688 0.414 19.88 2.54 1.66 1.66 0.053
Cl11 0.53 0.564 0.336 11.09 1.417 1.68 1.68 0.043
C12 0.33 0.526 0.30 6.91 0.882 1.75 1.75 0.038
C13 0.52 0.486 0.294 10.88 1.390 1.65 1.65 0.038
Cl4 0.72 0.570 0.327 15.07 1.925 1.74 1.74 0.042
M1 0.54 0.837 0.595 11.30 1.444 141 141 0.076
M2 0.71 0.713 0.479 14.86 1.898 1.49 149 0.061
M3 0.22 1.225 1.15 4.60 0.588 1.07 1.07 0.147
M4 0.47 0.914 0.703 9.84 1.257 1.30  1.30 0.09
M5 0.52 1.192 0.837 10.88 1.39 1.42 142 0.107
M6 0.41 0.42 0.343 8.58 1.096 1.22 1.22  0.044
M7 0.37 1.04 0.774 7.74 0.989 1.34 134  0.099
M8 0.33 0.98 0.691 6.91 0.882 142 142 0.088
M9 0.45 0.379 0.248 9.42 1.203 1.53 1.53 0.032
M10 0.42 0.319 0.238 8.79 1.122 1.34 1.34 0.030
M11 0.39 0.558 0.429 8.16 1.043 1.30  1.30 0.055
M12 0.43 0.619 0.428 8.99 1.150 1.45 145 0.055
M13 0.72 0.684 0.486 15.07 1.925 141 141 0.042

BVS—Blue value of a soil, Ac—Activity, Sc—Surface activity, SSA—Specific surface area,
CEC—Cation exchange capacity, RA—Relative activity, Ac/Sc—relationship between ac-
tivity and surface activity, CECA—Cation exchange capacity activity.
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same specific surface area SSA (15.07 m*/g), different clay fractions CF (46%,
31%) and plasticity indices PI (26.2%, 21.2%). Similarly, the C13, M5 soils have a
specific surface area SSA (10.88 m?*/g), the C1, M6 soils have a SSA (8.58 m?/g)
and the C12, M8, soils have a SSA (6.91 m?*/g). Although soils may have the same

specific surface area, they differ in their clay fraction and plasticity index.

3.3. Mineralogy of Termite Mound Soils (C, M)

Figure 3 and Figure 4 refer to the minerals in soils (C, M).
From Figure 3, Sc—represents the directing coefficients of the lines delimiting
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the zones of the mineralogical formations (kaolinite, illite). The specific surface
area SSA is controlled by the particle size distribution and mineralogy of the clay
and can be considered as an “inherent” soil property. By using the specific sur-
face area as a function of the clay fraction, new activity values can be defined.
Despite the fact that the soil samples come from a very wide geographical area,
the (C) soils have a surface activity that varies from Sc (0.50-3), while the Sc sur-
face activity of the (M) soils is higher than 1, but lower than 3. Soils C1 - C6, C8
- C14 contain kaolinite and illite, soil C7 contains illite and all these soils have a
specific surface area that varies from SSA (4.40 - 15.07 m?/g). Soils M1, M2, M3,
M6, M9-M11, M13 contain kaolinite and illite and have specific surface areas
that vary from SSA (4.60 - 15.07 m*/g) and soils M4 and M12 all contain illite
and have respective specific surface areas of SSA (9.84, 8.99 m*/g).

From Figure 4, CECA—represents the directing coefficients of the straight
lines delimiting the zones of mineralogical formations (illite, montmorillonite).
A CECA greater than 1 should indicate the presence of montmorillonite, while a
CECA greater than or equal to 0.25, but less than 1, would indicate the presence
of illite. The kaolinite samples have CECA values below 0.25. According to Fig-
ure 3 and Figure 4, soils M3, M5, M7 contain illite and montmorillonite, they
have specific surface areas that vary from SSA (4.60 - 10.88 m?/g). The C1-C14
soils have a cation exchange capacity that varies from CEC (0.668 - 2.54 meq/100g)
and that of the M1-M13 soils, varies from CEC (0.588 - 1.925 meq/100g). In the
C1-Ce, C8-Cl14, M1, M2, M6, M9-M11, M13 soils kaolinite and illite are present
and they have an activity cation exchange capacity of CECA (0.027 - 0.076); and
that of the illite-containing M4, M8, M12 soils varies from CECA (0.055 - 0.09).
In soils M3, M5, M7 illite and montmorillonite are found and their cation ex-
change capacity varies from CECA (0.099 - 0.147), the soil C7 contains kaolinite
and they all have a cation exchange capacity of CECA (0.021). For a given
clay fraction, the specific surface area SSA and the cation exchange capacity CEC
are proportional to the mineralogy in the order kaolinite-illite-montmorillonite
[32].

3.4. Correlations between Geotechnical Soil Properties (C, M)

From Table 2 and Table 3, correlations between some geotechnical soil para-
meters (PI, BVS, LL, SSA, CEC, CF, RA, Ac/Sc) were determined.

According to Figure 5, the blue value of a soil (BVS) shows the amount and
activity of the clay fraction in the soil. The plasticity index PI is very strongly re-
lated to the specific surface area, quantity and nature of the clay minerals present
in the soil. This justifies the principle that the blue value of a soil and the plastic-
ity index are strongly correlated in a linear way. The relationship found is a
straight line valid for all soils in general:

Y =A+BX (10)

Correlation between the plasticity index and the blue value of a soils (C).
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Figure 5. Correlation between the blue value of a soil BVS and the plasticity index PI

A=-0.01578+0.01294; B=0.02922+6.50905E-4; R* =0.994

Correlation between the plasticity index and the blue value of a soils (M).
A=0.06812+0.001973; B =0.02946+0.00141; R?=0.976

R—coefficient of determination, BVS (g/100g)—blue value of a soils, PI
(%)—plasticity index.

Figure 6 shows the correlation between the plasticity index PI and the specific
surface area SSA of the soils (C, M). The evolution of the two parameters is of

the form:

Y = A+ BX (11)

For the plasticity index as a function of the specific soil surface (C);
A=0.63981+0.42853; B=162599+0.03614; R*=0.994
For the plasticity index as a function of the specific soil surface (M);

A=-1.92378+0.75664; B=1.5815+0.07547; R*=0.976

The evolution of the plasticity index as a function of the specific surface of
soils (C, M) is linear and their coefficient of determination is & (0.994, 0.976)
respectively.

Figure 7 shows the correlations between the specific surface area SSA and the
cation exchange capacity CEC as a function of the clay fraction.

According to Figure 7, the specific surface area SSA and the cation exchange
capacity CEC as a function of the clay fraction CF are correlated. This correla-
tion depends on the geological formation of the sample sites and the nature of
the termite mound soils. The correlation between specific surface SSA and ca-
tion exchange capacity CEC is a polynomial fit:

Y =B+B,X +B,X? (12)

Correlation between specific surface area SSA and cation exchange capacity
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CEC as a function of soil clay fraction (C): For the specific surface

For cation

B =0.20598+11.12921; B, =0.22411+0.68664;
B, =0.00329+0.01002; R*=0.686

exchange capacity;
B =0.02383+1.42308; B, =0.02875+0.0878;
B, = 4.18423E-4+0.00128; R’® =0.686

Correlation between specific surface area SSA and cation exchange capacity

CEC as a function of soil clay fraction (M):

For the specific surface;

B =2.07494+2.76486; B, =0.67222+0.28586;
B, =-0.01192+0.00636; R*=0.384
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For cation exchange capacity;
B =0.26454+0.35306; B, =0.08597+0.0365;
B, =-0.00153+8.11725E-4; R* =0.384

SSA (m?/g)—specific surface, CEC (meq/100g)—cation exchange capacity, CF
(%)—clay fraction, R*—coeftficient of determination.

The specific surface area and the cation exchange capacity are normalized by
the clay fraction, which can justify the soil determination coefficients (C, M) of
R* (0.686, 0.384) respectively. Figure 8 shows the correlation between the spe-
cific surface area SSA and the cation exchange capacity CEC.

The specific surface area SSA and the cation exchange capacity CEC as a func-
tion of the clay fraction are correlated (Figure 7). The specific surface area ver-
sus the cation exchange capacity is linearly fitted for the soils (C, M) (Figure 8).
The linear fit seems to be general for all soils. The evolution of the two parame-
ters is given below:

Y = A+ BX (13)

For soils (C): A=0.00717+0.00213; B=7.82312+0.0014; R*=1

For soils (M): A=-0.0025+0.00506; B =7.82964+0.00395; R*=1

SSA (m?*/g)—specific surface, CEC (meq/100g)—cation exchange capacity,

R—coefficient of determination.

3.5. Relationship between Activity and Surface Activity, Relative
Activity

Figure 9 shows the relationship between activity and surface activity for the 27

termite mound soils (C, M). The 27 soils follow the C line at approximately Ac =

0.005 (Locat et al 2003). The relationship between activity and surface activity is

none other than the relative activity, defined by Quigley et al 1985 [26]. Figure

10 shows the plasticity index as a function of the specific surface, that is, the
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Figure 8. Correlation between cation exchange capacity and soil specific surface area (C, M).
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relative activity.

From Figure 10, RA—represents the directing coefficients of the lines deli-
neating the geological zones of soils. The respective relative activity values of 0.2,
0.3, 0.4 represent the geology of samples locations. Soils C1-C14 has a relative
activity of about RA (0.3), which may resemble a geological formation that ap-
pears to be uniform. Soil M3 has a relative activity of RA < 0.2, soils M1 - M8,
M11 have a relative activity that varies from RA (0.2 - 0.3) and that of M12 is RA

(0.3 - 0.4). These soils have geological formations that change from one sam-
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pling site to another.

4. Discussion

From Figure 2 and Table 2, the termite mound soils in Congo are spread out
and poorly graded like those in Nigeria. Indeed, the particle size distribution of
the Nigerian termite mound soils [19] have uniformity coefficients that vary
from Cu (3.75 - 7.50), higher than 2. The coefficients of curvature of C5, C7,
C12, M3, M7, M8 soils are Cc (0.371, 7.4, 0.041, 5.42, 14.82, 11.07) respectively,
do not incorporate the recommended spindle (1 < Cc < 3).

The plasticity indices of the Nigerian termite mounds vary from PI (10.83% -
28.45%) [19], close to the plasticity of the Congo (C) soils which have plasticity
indices that varies from PI (7.5% - 27.2%), but differ from the termite mound
soils south-western Nigeria studied by Adekunle 2021 which have of plasticity
index of IP (18.2% - 49.5%).

C2, C6, C10, C14, M2 soils have specific surface areas that vary SSA (14.65 -
19.88 m?/g) and are close to those of clay soils with specific surface areas that
vary from SSA (10 - 50.51 m?/g) [25] [33]. Despite the fact that clays represent
the largest surface area of all mineral constituents, they have different specific
surface areas [25].

Figure 6 simply suggests that a plot of the plasticity index against the specific
surface area is linear, that is, the range of water content between the liquidity
limit and the plasticity limit depends on the specific surface area which is related
to the liquidity limit [27].

Two soils M10 and M12 have the same clay fraction of CF (37%), soil M12 is
the most active with an activity of Ac (0.486) and has the highest plasticity index
of PI (18%), while soil M10 has a plasticity index of PI (12%) and an activity of
Ac (0.319). The C3 and M1 soils of different nature have a clay fraction of CF
(19%), the M1 soil is the most active with an activity of Ac (0.837) and has the
highest plasticity index of PI (15.9%), however, the C3 soil has a plasticity index
of PI (12.6%) and an activity of Ac (0.664) [25].

According to Figure 5 and Figure 8, the correlations between the plasticity
index and the blue value of a soil on the one hand and the specific surface and
the cation exchange capacity on the other hand are linear fits for all soils [34].

According to Figure 10, the M6 and M11 soils have different clay fractions CF
(25%, 19%), both soils have the same plasticity index PI (11%) with different
specific surface areas SSA (8.58 m?*/g, 8.16 m?/g) [26].

From Table 3, the relationship between activity and surface activity presented
by [27], simplifies to a relative activity defined by [26] as the ratio of plasticity
index to specific surface area.

For the practical use of soils in the manufacture of adobes, mud bricks or
compressed earth bricks, the standards recommend on average a clay fraction
CF (10% - 30%), and a sand content of at least 30% [16]. Only the Australian
standard (HB 195, 2002) [35] sets the maximum clay fraction at 40%. Soils C2,
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C10 and C14 have clay fractions CF (43% - 48%), higher than 40% and soils Cl1,
Cé6, C8 - C10, C13, M2, M3, M6, M13 have sand contents SC (13% - 27%), lower
than 30%. In fact, high clay contents and low sand contents are likely to generate
cracks during the drying of the bricks (high shrinkage) and in general do not al-
low to obtain the high mechanical resistances (poorly graded soils). To correct
this imbalance without generating the high cost of bricks, an addition of sand or
local plant fibers may be necessary [36] and the ecological cost ratio of such a
solution is advantageous [37].

5. Conclusion

Six (6) soils (C, M) have a spread grain size with poorly graded grains and the
remaining twenty-one (21) are not measurable. The (C, M) soils include clays,
clayey sands, silts and sandy silts of classes A-7 (A-7-6), A-6, A-4, A-2 (A-2-4)
and A-2 (A-2-6). Soils C4, C7, M9, M10 have low swelling potential, soils C1 -
C3, C5, C6, C9 - C14, M1, M2, M6, M11 - M13 have medium swelling and CS8,
M3 - M5, M7, M8 are swelling. The C8 soil has a normal activity of 0.81, the C1 -
C7, C9 - Cl14, M2, M6, M9-M13 soils are inactive, their activities vary from Ac
(0.278 - 0.713) and the M1, M3-M5, M7, M8 soils have a normal activity Ac (0.914
- 1.225). The plasticity index is very strongly related to the specific surface and the
blue value of a soil and represents a linear fit for (C, M) soils. Specific surface area
and cation exchange capacity are two strongly related parameters and can be con-
sidered as inherent soil properties. Specific surface area and cation exchange ca-
pacity is a linear fit with a determination coefficient & (1) for (C, M) soils. The
plasticity index and blue value of a soil is a linear fit for all soils and their coeffi-
cients of determination vary from R (0.994 - 0.976). The relationship between
plasticity index and specific surface area is a linear fit for the soils (C, M), their
coefficients of determination vary from & (0.994 - 0.976). The specific surface and
the cation exchange capacity as a function of the clay fraction is polynomial fits.
Their coefficients of determination are & (0.686) and &2 (0.384) for the soils (C
and M) respectively. The soils (C, M) follow the C line of Locat et a/ 2003.
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