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This work dwells on the identification of collapsible soils within
Maiduguri Metropolis latitude 11I°41' 30 "to 12200 00 "N and
Longitude 130000 "to 1344'E. Soil samples were collected from
five designated locations (Al- A5) at 20m intervals between
points and average depth of 1.2m within the study area (i.e.
Dikwa, Damboa, Baga, Jos and Bama roads). The plasticity
characteristics revealed that the soils are non-plastic with liquid
limits of 15-20%. The percentage passing B.S No 200 sieve
(0.75um) ranging from 0.18-2.9%, thus the soil was classified as
A-3 in accordance with the American Association of States
Highway and Transportation officials (AASHTO) and SP
according to Unified Soil Classification System (USCS). The
applications of qualitative method in ascertaining collapse
potential using some index properties showed that the entire area
was highly collapsible, prone to collapse, some small collapse
settlements. The identification of this occurrence will no doubt
necessitate some proactive to structural failures.

© 2024 RJEES. All rights reserved.

1. INTRODUCTION

Collapsible soils are considered as one of the problematic soils found in arid and semi-arid regions of
the world which covers almost 10% of the earth's surface (Evans et al., 2004; Nelder et al., 2008). The
soils are generally under unsaturated condition in the dry state, with negative pore water pressure
resulting in higher effective stresses and greater shear strength. Collapsible soil can be obtained as
Aeolian (such as dune sand with low silt or clay content and high void ratio) Jiangyong et al. (2022),
residual soils and sediments due to muddy flood (Mahnam et al., 2012). Loess soils have collapsibility
potential and can be found in desert area in Iran, South of Kashan, Kerman province, Agh Ghala in
Gorgan province, Masjid Soleiman city and Silvand in Fars province (Khosravi, 2002).These soils
undergo reduction in volume, when their moisture content increases or upon application of additional
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loads (Coduto, 2001) exhibiting collapse mechanism. Such type of soils contain in most cases over 60%
fines and have a porosity of 50 to 60%, liquid limit of about 25% and plastic limit ranging from O to
10% (Alain et al., 2012).

Collapsible soils present significant challenges to the engineering profession during construction,
service life and to a lesser degree during design stage. In addition to these problems, challenges related
primarily to differential settlement and embankment failures are also encountered in road construction.
It is therefore essential for the geotechnical engineers to explore sufficient knowledge on how to
effectively handle all types of problematic soils, such as collapsible soils. In some parts of Maiduguri
and its suburbs, there exists a deposit of light brown to yellowish brown ferruginous sand-stones
popularly known as the Bama ridge soils (Kundiri et al., 2016), this soil pose serious challenges in terms
of low bearing capacity. Thus, these soils could be considered a threat for construction of civil
engineering facilities and hence its characterization is expedient.

2. MATERIALS AND METHODS
2.1. Material Collection and Preparation of Samples

Disturbed soil samples were collected from five designated locations within the study area (i.e. Dikwa,
Damboa, Baga, Jos and Bama roads) at intervals of 20m and average depths of 1.2m for each of the
sampling points. Soil samples were obtained using hand Auger and preserved in plastic bags before
conveying to Civil and Water Resources Engineering Laboratory of University of Maiduguri for testing.

2.2. Methods

Index properties tests conducted include; moisture content, specific gravity, particle size distribution
and compaction in accordance with specification outlined in BS 1377 (2022). Method of evaluation of
collapse potential using criteria stipulated by several researchers were adopted (Priklonski, 1952;
Handy, 1957; Zur and Wiseman, 1957; Clevenger 1958; Gibbs and Bara,1962).

3. RESULTS AND DISCUSSION

Index properties results showed low values of specific gravity (Gs) between 2.5-2.9. The soils are non-
plastic with liquid limits between 15-20%, and the percentage passing B.S No 200 sieve (0.75um)
between 0.18-2.9%. The soils are classified as A-3 in accordance with American Association of States
Highway and Transportation officials AASHTO (1986) and poorly graded sand (SP) according to
Unified Soil Classification System (USCS) ASTM D2487 (2006). The compaction characteristics
showed that Optimum Moisture Content (OMC) of the soils ranged from 13.5 - 16% with maximum
dry densities (MDD) ranging from 1.57-1.94g/cm’. Table 1 presents the index properties of the soil.

Table 1: Index properties of soils

. Sampling LL PL oMC MDD Soil classification
Location point %) (%) (%) (g/em’) Gs AASHTO USCS
Dikwa Road AlT1 20.00 NP 15.0 1.84 2.7 A-3(0) SP

AIT2 19.00 NP 11.0 1.57 2.5 A-3(0) SP
Damboa Road A2T1 18.00 NP 13.5 1.88 2.8 A-3(0) SP

A2T2 15.00 NP 5.50 1.81 2.6 A-3(0) SP
Baga Road A3T1 20.00 NP 10.0 1.94 2.9 A-3(0) SP

A3T2 18.50 NP 10.0 1.85 2.7 A-3(0) SP

A4T1 16.00 NP 13.0 1.91 2.6 A-3(0) SP
Jos Road

A4T2 16.90 NP 16.0 1.84 2.6 A-3(0) SP

AS5T1 17.00 NP 15.0 1.87 2.6 A-3(0) SP
Bama Road

A5T2 19.50 NP 13.0 1.94 2.6 A-3(0) SP
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The particle size distribution plots of soils from the study area are shown in Figure 1. The trend of
particle size curve showed that sampling point A4T1 of Jos road had the highest percentage passing

with up to 99% while Bama road at sampling point AST2 had the lowest percentage finer of 79%.
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Figure 1: Particle size distribution plots of soils from the study area

3.2.1 Priklonski, (1952) criteria

Table 2 showed the results obtained from the study area based on Priklonski (1952) criteria. The result
was obtained based on moisture content and Atterberg limits relationship Kp = (W, — PL)/PI where Kp
is the liquidity index, W, is the natural moisture content, PL is plastic limit and PI is the plasticity index.
The results revealed that five sampling points were observed to be highly collapsible (HCS), four non-
collapsible (NCS) with one swelling soil (SS). This might be as a result of non-plastic nature of the soil
which is in agreement with the works of Delage (2005); Wail (2012) as well as Mahnam et. al (2019).

Table 2: Evaluation of collapsibility potential using Priklonski, (1952) criteria

. P Collapsibility
Location Samp ling W, (%) PL Pl qulg psibility coefficient Collapse
point (%) (%) coefficient formula intensity
range
Dikwa Road Al1T1 4.40 NP 20.00 Ky (W, — PL)/PI 0.22 HCS
AlIT2 13.90 NP 19.00 ) 0.73 NCS
Damboa Road A2T1 1830 NP 18.00 If ’le <.gi hlgl}lly 1.02 Ss
A2T2 520 NP 15.00 cotapsibie sotls 0.35 HCS
Baga Road A3T1 10.80 NP 20.00 If Ky> 0.5 non 0.54 NCS
A3T2 10.00 NP 18.50 collapsible soils 0.54 NCS
A4T1 1.70 NP 16.00 0.11 HCS
Jos Road .
A4T2 7.70 NP 16.90 If Kp>1.0: Swelling 0.46 HCS
ASTI 960 NP  17.00 soils 0.56 NCS
Bama Road
AS5T2 8.40 NP 19.50 0.43 HCS

HSC: Highly collapsible soil, NSC: Non-collapsible soil and SS: Swelling soil

3.2.2. Handy, (1957) criteria

Table 3 shows the results obtained from the study area based on Handy (1957) criteria. This criterion
used the percentage clay content of a soil or the ratio of liquid limit to saturation moisture content in
determination of soil collapsibility. The results depicted that the entire study area was highly collapsible.
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Such a scenario occurred as a result of the low clay content which is dominant in the soils of the test
area. Similar findings were reported earlier by Delage (2005) and Wail (2012).

Table 3: Evaluation of collapsibility potential using Handy, (1957) criteria

Location Sa;?)?rllltng Clay ((i,;)l;tems Collapsibility coefficient range gl(t)il;gf;
()
. AlT1 0.4 HCS
Dikwa Road
AIT2 0.6 Clay content < 16%; Highly collapsible HCS
Damboa Road A2T1 0.2 HCS
amboa Koa A2T2 0.6 24% > clay content > 16%; Probability HCS
Basa Road A3T1 0.2 to collapse HCS
e AT 0.6 32>cl tent > 25%; probability of Hes
clay conten %; probability o
Jos Road j:jgé 82 collapse of less than 50% ggg
Bama Road ASTI 0.8 Clay content > 32%; Non collapsible HES
AST2 1.0 HCS

3.2.3. Zur and Wiseman, (1957) criteria

Table 4 present the result obtained based on dry density and liquid limit of the soil. Zur and Wiseman
(1973), used the dry density versus liquid limit as a collapse criteria. The results revealed that the entire
study area was prone to collapse. This might be as a result of high void ratio of the soil which is in

agreement with Wail (2

012).

Table 4: Evaluation of collapsibility potential using Zur and Wiseman, 1957 criteria

. - .. Collapsibility
Location Samphng D, Dy, Collapsibility coefficient coefficient Collapse
Point formula intensity
range
Dikwa Road AlT1 1.84  20.00 0.00 PC
Al1T2 1.57  19.00 0.08 PC
Damboa Road A2T1 1.88 18.00 Dy/Dyy, 0.10 PC
A2T2 1.81 15.00 0.12 PC
If, Dy/D ’
Baea Road A3T1 1.94  20.00 ’ 101 LL’] I 0.10 PC
£ A3T2 1.85  18.50 I<f D /'[;501 prone to collapse 0.10 PC
» 2o LL
Jos Road A4TI1 1.91 1600 . 1.3; soil prone to swell 81? PC
A4T2 1.84  16.90 0'1 ) PC
A5T1 1.87  17.00 0'09 PC
Bama Road :
A5T2 1.94  19.50 PC

3.2.4. Clevenger, (1958) criteria

PC: Prone to collapse

Table 5 showed the results obtained from the study area. Clevenger suggested a criterion for
collapsibility of soils based on its maximum dry density. The results revealed that the entire study area
showed small collapse settlement as a result of low dry densities. Similar findings were achieved by
Rafie et. al (2008), Wail (2012) and Mahnam et. al (2019).

3.2.5. Gibbs and Bara (1962) criteria

Table 6 present the result obtained from the study area. This criterion used the natural dry density
together with the liquid limit for estimating the susceptibility of soil to collapse as; yq< 162.3/
(1+0.026Wy) Ibs /ft® or e, > 2.6W;, /100 where, y4 is the natural dry density and Wy, is the liquid limit.
The results entails that the entire soils were collapsible. Such scenario was achieved by Wail (2012) and

Mahnam et. al (2019).
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Table 5: Evaluation of collapsibility potential using Clevenger (1958), criteria

. Collapsibility -
Location SamPhng Max dry 3 coefficient Col}aps1b1hty Collapse intensity
point density( g/cm’) P coefficient range
ormula
. AlT1 1.84 >1.44 g/cm? Slightly collapse
Dikwa Road ALIT2 1.57 v max < >1.44 g/em? Slightly collapse
A2T1 1.88 Ya 3. >1.44 g/cm? Slightly collapse
DamboaRoad \ hpy 1.81 o8 gom : 1.44 glem? lightly coll
8 Significant >1.44 g/cm Slightly collapse
A3TI 1.94 Settlement >1.44 g/cm? Slightly collapse
Baga Road 3 .
A3T2 1.85 and >1.44 g/cm Slightly collapse
Jos Road A4T1 191 Yqmax >1.44 >1.44 g/cm? Slightly Collapse
A4T2 1.84 g/cm?: Small >1.44 g/cm? Slightly Collapse
AST1 1.87 Collapse >1.44 g/cm? Slightly Collapse
Bama Road 3 .
A5T2 1.94 >1.44 g/cm Slightly Collapse
Table 6: Evaluation of collapsibility potential using Gibbs and Bara (1962) criteria
. Dry . -
Location Samphng density V:IL qulgps1b111ty Col.la.ps1b1hty Collapse
point 3 (%) coefficient formula coefficient range intensity
(g/cm’)
Dikwa Road AlTI 1.84 20.00 106.9 CS
A1T2 1.57 19.00 108.6 CS
Damboa Road A2T1 1.88 18.00 110.6 CS
A2T2 1.81 15.00 116.8 CS
Baga Road A3Tl1 1.94 20.00 Ya< 162.3/ 106.8 CS
A3T2 1.85 18.50 (1+0.026Wy) 109.6 CS
A4TI 1.91 16.00 114.6 Cs
Jos Road 112.7
A4T2 1.84 16.90 ) 12.6 CS
ASTI 1.87 17.00 ' CS
Bama Road 107.7
A5T2 1.94 19.50 CS

CS: Collapsible soil
4. CONCLUSION

In this research, the application of qualitative method in ascertaining collapse potential using some
index properties of the soils based on moisture content and Atterberg limits relationship showed that
that six sampling points were observed to be highly collapsible (HCS), three non-collapsible (NCS)
with one swelling soil (SS), while criteria based on percentage clay content, dry density versus liquid
limit, maximum dry density and natural dry density together with the liquid limit showed that the entire
area were highly collapse, prone to collapse, some small collapse settlements. The identification of this
occurrence will no doubt necessitate more proactive measures to reduce structural damage to
infrastructure (buildings, pavement, dams etc) built over them; resulting from differential settlement,
ground fissuring due to their low bond strength, high void ratio which makes the soil structure liable to
volume changes under small structural load once they are saturated or via shock wave.
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