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Slurmping is destroying farmiands on the south-western cutskints of Zungeru, Sieve analysis
and Atterberg lmit tels wers conducted on samples of geclogical formation from the slump
and stable sites lo asceriain the geotechnical aftributes that make the area susceptible to
slumping. Surface geclogical racannaissance revealed that the area is underain by schist,
amphibolite and granite. Thie sehist unconformalbly underlay Doko member of Bida Formation,
which is the lithestratigraphic unil undergoing slumping. Coefficient of Uniformity {C ) ranges
[ram 0.57 to 3.48 at the slump sites. This indicaies that the slump sites’ gealogical formation is
poorly graded. Formation C, at stabée site is 5, which indicates fair particle size grading. Nalral
Moisture Carttent (NMC) is 1.9% at the stabls site, The value tripled (2.2 196 5% 2t tha slump
sites. Atterberg limits’ value ks similar at all the sites. Thair liquid limit is less than 40%. Their
plasho limit and plastic index are less than 20% and 7% respectively. The lewe Atterbarg limits
value indicates that clay shrinkage and swelling is not responsible for chaared siimping. Poor
farmation paricle size grading and high NMC caused siumping in the area. Retaining walls with
drain pipes, and vegetation will armest obaerved stumping.

Keywards: Slumping, Farmiands coefMichent of uniformity, Atterberg limits

INTRODUCTION

Blumping of geolagleal formaticns can be
regarded (o be gravity driven downslopeé
mavement of a nearly homogeneous cohesive
geolegical material when the slope fails by
shearing {(Rahn, 1986), The upper part of
geclogical formations commondy contains organic
matter which supports vegetation. Consequantly,

food and cash trops are susceplible o being
destroyed by slumping, Inter commurily raad links
are glso destroved.

Slumping occurs when factors that drive
downslope movement of geclogical matetals
overcome those that resist movement. The
downslope movemnent Tas1§llng factors inchsde
{1) frickion between a slope and loose materials
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along s surface (2) strength and cohesiveness
of the material compriging the slopa. These
faciors prevent slope shearing and material
slippage. Counteracting these resistive faciors
are steep slope, lack of vegetation cover and
material's water content

Slumping can be-hindered by increasing
sighility of geoclogical materials through: (1)
buildirsg retaining walls with arhogonal drainage
pipes (to reduce water contant) across the slope
face-and (2} planting fast growing vegetation that
develop extensive, deep rool network thatl conere
materials{waww soest hawai sdwWGGIFACULTY),

The study area is within the southwestern
outskirts of Zungen, where farmiands are-being
destroyed by slumping of exposed geological
formation. The slumping is also gradually etching
oul the main rural road linking neighbouring
communities. The geographical coordinates of
the study area are Longiudes EG 80" 0 EG"8"10°
and Latitades NO°40°0" to NE*491 6" (Figure 1)

The geotechnical characterization of the
geclogical formation of the study area was

Christoghier fmonfkad Einoedoer al, 2008

conducied in order to ascerain geclogical issues
wnderlying the slumping and proffer possible
splutions o arrest it Geological formation hal
can be excavated withoul blasting istermed soil
i civil engineering. It typically disintegrates in
water {Venkatramsaiah, 2008).

Jaddal ef al. {2001) and Wati ef al. {2010)
employed soil particle distribution curves to reveal
fine taxured nature of saits; They remarked thet
fine particle fraction of aoils have emall pores
which liberate water slowly and consequently
resuits in high water content that mskes them
suecentible o slumping, Baynes (2008) nclude
expansive soft clays and collapsible and
dispersive =aits among problem soils that are
prone to slumping. Kitutu ef af. {2009) observed
that soilz with fines fraction greatar than 10%
threshold exhibit extreme expansive potential and
are therefora suscaplible o siumping. Mugagaa
ot al. (2011) employed particle size distribution,
Atterbierg Limits, shear strangth and factor of
safety totest the hypothesis that soils at slump
sites sre problam soils. They found that liquid

Figure 1: Location of the Study Area
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limits greater than 53% and plastic index of about
E3% characterize oils at slump sites

MATERIALS AND METHODS

surface geclogical field reconnaissance was
carmied out to ascertain the mock types in'the
study area. Samples of the peological
formation were collected from the slumping
gites and rom a stable site (for controdled and
comparative interpretation) o determine (ha
geclogical formation’s geotechnical-atinbutes
comprising particle sige distnbution, moisiure
content, and Atterbearg's limitslLiguid Limit,
Plastic Limit and Plasticily Index). Thesurface
geclogical feld reconnaissance was conducted
using Global Positioning System (GFS) and
compasa clinometer: Instrumeniz-empicyved for
gentechnical atiributes determination are
weighing balance, mechanical sieve shaker,
sots of sleves, marlar and pasts,
thermostallcally regulated oven, and a cong
panetrometer (Doulch cong penatromeatsr type)
The GEitributes were determinad at sall
mechanics laboratory of Civil Enginearing
Department of the Federal University of
Technology, Minna. The sieve shaker & gyratory
alectrically opérated shaker SM1-190.and tha
aven is laboratory electric owen SM 118. Both
were manufactured by SM scientific industries
in India

Sieve Analysis

About 300 g of formalion samples wars washed
in 75 mm B.B. sleve to remove clay, and dried at
100 “C or 24 hours inan oven, This was wekghed
again and sieve analvzed in a 5ei of sieves shaken
by an elecirically powerad mechanical shaker,
which shook the set of sigves for 40 minutes:
Percentage Mass Retained (PMR) on each sieve
wak obtained, wsing.

Indvidual mess refained on each sievemass
of total dry sampia 100 £1)

The Cumulative PMRE {TPMR) for each sieve
was abtained by adding up PMR on the siave Lo
PWMRE on all sieves above it Percentaoge Mass
Passing (PMP} at each sieve was obtained by
subliracting the CPMR for each sieve from 100,
The PMP was plolied againgl grain-size on @
semi-log graph sheet, using Microsoft excel, The
coefficient of uniformity C was obtamned using.

o =§-: L2

where D and D are respachively sieve size in
mm for D, % PMP and D, % PMP.

The coeflicient of curvature (C_) was abtainad
using;

Ce “E'ﬂ':_-_”ﬂw- k3

The C, and C_were employed in classifying
the samples using AASHTD [(American
Association of State Highway and Trensportation
Oifficial, 2006 criterda given in Table 1

Hydraulic Conductivity, Porosity, Meisture
Content and Atterberg's Limits

Hydraulic conductivity (i) for the samples was
estimaied using Hazen's egustion;

K= Y
where D 5 grain size corresponding to 10%
PMP, and C=1if K iz In cms”

Parosity (n) was obtained from C,, using
enuation of Vukosc Soiv (1923)

n=0.255(1 + 0.83C,) (5)

K was employed to classily the samples in
terms of degree of permeability using Table 2, of
Sehaal {1987},
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Moisture content (M was determined as
follows:

M, =W, —W,W, = 100 (8]

where W, i3 weight of fresh sample; W, \weight
of dry sample (wesght of sample dried for 24 hows
im-an oven at 100 "C).

Atterberg's limits determired were Liquid Limit
{LLY and Plastic Limit {PL) The LL was
determined using cone penetromieter, Some of
the samples were @ir dried for 8 hours, They wers
thizn pulverzed and sieved using sieve mesh 425
{200 myg of the sieved sample wara mixed
thoroughty with some water to form a thick paste
Panstration depth, in &5 seconds, of the
pantrometer’s cone was determined for some of
the paste. The procedurs was repaated for five
more fimes with-differant amount of waler

Table 1: Classification of Soil Gradation

Lirnckation Cirpvel Samil
Wellpraded | Copdond 198c<3 | Cuphmmd 1=G5es3
Possrly grodod | Cosdnmil 190c<3 | Co=hand |<Co<}
. Ce et hesween | | Conot bween |

Ehripatind amed 3 a3

Tasnrwy AGTHTTR [2IMIES |

Table 2: Classification of K in Terms

of Degres of Permeaability
Degree of Permenbilit
Hoil Deseription | Kipm') | (Terwnghiand Peck,
T948)
Conme gravel 2 | High
Fine gravelfine sami. 1
wili-sand ndmiduscs -1 Mz
Dhemne widlt, eloy =il 3Ly
o i s [ Liow
Pl iR T T To*aan N N
claya
Homegenos clavd < i Almnad ippsery i

Chedstopdaer fmaophbad Ulnoeelie o al, 2008
empioyed to form the paste. Motsture content for
gach paste was determined. Depthof pensetration
was plotled againsi corresponding moisture
content, The mofsture content for 180 mm
penetration depth was oblained from the graph.
This maisture content is LL. This was determined
for samples from all the sites. Some of the
samples for the LL tests were rolled to about 3mm
ihickness on a plasilc board to the point whers
the sample begins to break. The cormasponding
mizisture content is the PL Plasticlty index was
abteined a5 follows:

Pi=LL—-PL

()
RESULTS AND DISCUSSION

Figures 2, 3, 4 and 5-are some siumping sites
revealed durimg surface geological
reconnaissance, Vegetabion is being destroyed
irrihe sies {apart from site 3), and the road linking
neghbouring communites i gradually etching
away. The reconnalzsance alzo reavealed
amphibolite and schist oulcrops Intruded by
granites Thess basement rocks are overlain by
thick- massive o vaguely bedded sandstona ihat
bedongs to Doko membar of Bida Formation: Tha
Doko membar is the slumping llthostratigraphic
unit, It consists of clay matrix conglomerates at
its base, and a vaguely bedded fining upward
sequence of madium-fine sand, sitstong and
mudetons.

Tabla 3 ks the sieve analysis result for slump
giiE 1. Figure & = the plot of Percentage Mass
Paszing (PMP) versus siave grain size for
samples from slump site 1, Figure ¥ is a bar
representation of grain sizes in sampies slump
gite1, The graph shows:-that the formation is
rm}sh]' fine sand, with subordinate medium to
coarse sand, fine gravel and coarse silt. Values
af C, and C. are 2 85 and 0.784 respactively.
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Figure 2: Slomping Site 1, Latitude
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Figure 5: Slumpling Site 4, Latitudo 9°a46°30""
Longltude 698 20

MH2*46"'50" Longitude EG*B 32"

Figure 3: Slumping Site 2, Latitude 9°36°45"
Longitude 6B 30"

Figura &: Plot of Mass Passing (PMP) versus
Sleve Grain Size (Slump Site 1) ;

R .

Figure 4: Slumping Site 3 (Sable Site),
Latitude 9°d5'55"" Longitude 68 30

Figure 7! Bar Chart Representation of Grain |
Sires in-Samples Slump Site 1

This indicates that the geslogical formation-is
poorly graded at this slump sliie. Table 4 is the
sleve analysis result for slump =ite 2
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Table 3; Sleve Analysis Result for Slump Site 1

Siewe Rige Weight of Weight of Skeve amil Welahi of Sall i um

(1 Slewe Sl e et d BBV R
- 476 et ki IL5% {59 LN |
238 AT #4543 1.1 1.0 1.68 09,32
235 26T xR I3 v T 03
2 ¥R Ll ] b 1.5 o, 5.
LLIE ZH%.T agr] ihd 36 1= b
043 3438 574 16 357 49 B0
ks VL] il 1% 387 (879 i
43 4353 L 3 145 rd e | T.Te
i3 313 4 4| L] 55 545
15 2N RN JEg .04 i M I Ta
OB 380 A5l 145 LM 078 15
[ Pir ang 15 2% [l il

Table 4: Siove Analysis Result for Slump Site 2

th:r.:;:r “::il: ul Weighi ;J:lllm il ﬁl;]::i:!;zlﬂl % Retalned n:i:l:d o Panxing
5 L] 482N 48 in i1 WK
135 A6R.2 T A ] an gy
23k 4267 15318 3 147 .53 LT
1 418 AN .6 |23 1 ) e
L4 57 4.3 7 i 16,82 152
[iH ) BT ) ik 158 TA 431 TET
ki iRl M I j4x 25 a5
(.43 4351 4TTE 425 14 SH.E 413
@3 313 Hre i1 1659 mnn o
115 AT 1573 3y 1735 5 T
IL0® S S 1.5 i Bl W6 3
(.2 24 25084 Ll 152 L] i

Figure B is the plot of Percentage Mass  charl representation of the particle sizes. The
Passing (PFMP) versus sleve grain size for -graphs revealed thal the sampla consists
samplas from slump &ite 2. Figure 9 18 abar  mainly of medium to coarse sand with some
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Figure 2: Slumping Site 1, Latituds
ME*46'50" Longitude E6G=E'32"

| Figure 5: Slumping Site 4, Latituds 9*456'30"
ngltud-u G5 20"

e e

Longituds 65830

R i
Flgura 3: Slumping E!te 2, Latitude 8°46'45""

Figure &; Plot of Mass Passing (PMP) versus
Sieve Graln Size {Slump Site 1)

s il [ g

Figure 4: Slumpling Site 3 (Stable Site),
Latitude 9°46"55" Longltude 6v8"30"

Figure 7: Bar Chart Representation of Emin—l
Slees in Samples Slump Site 1

This indicates thal the geologleal formation is
poorly graded at this slump site. Table 4 s the
slave analysis result for slump gite 2,
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Figure B: Plot of Percentage Mass Passing
(PMP) versus Sleve Size (Slump Site 2}

— e

Flgure 10: Plot of Percentage Mass Passing
(PMP) versus Sleve Grain Size (Slump Site 3j
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| Figure &: Bar Chart Representation of Grain
Sizes in Samples Slump Sikte 2
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fine s@nd, coarsa =it and fina gravel. Estimated
values ‘of C and C,are 057 and 0.148
respactively, which Indicates it is poorty graded.
Table 5 is the sieve analysis result for slump
site 3.

Figura 10 is the plot of Percentage Mass
Passzing (PMP) versus sieve ﬁmin gize for
samples from slump site 3. Figure 11 5 its. bar
chart representation. The graphs revesled that

the sampia containg high amounts of fine sand,
medium to coarsa sand and fine gravel. Estimated
values af C,and C_ are 531 and 0.711
respectvely, The C reflects substantial amount
of gravel, and is fairly gradid.

The sieve analysis results for sampla from
siump sile 4 is Table 8. Hs plot of percantage
maas passing (PMP) varsus seve grain size is
Figure 12 The bar chart representation of its
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Figure 12 : Plob of Percentage Mass Passing
(PMP) versus Siev Grain Size (Slump Site 4)

Figure 15: Bar Chart Representation of Grain
Sires in Samples Slump Site 5
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Figure 13: Bar Chart Representation of Grain

Sizes in Samples Slump Site 4
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Flgure 14: Plot of Porcontage Mass Passing

(PMP) versus Sleve Grain Size (Slump Site 5)
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Figure 16: Plot of Percantage Mass Passing
{PHP) versus Sieve Grain Size (Slump Site &)
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Table 5; Sieve A_nn lyeis Rosult for Slump Site 3 e |
hi:::;u W;Ii:l:ul l'r:igl-n;l::llm sl ‘Hll;:::Ln:‘:ﬂII % Retibied “:':n:m %o Fang

A AT 443 ) LR .l 37
135 d6H.2 4744 57 L 120 LR
230 4267 4333 it a8 14349 Kl

2 A1 i il .54 ML T
I.18 5T RN a1 .t | 4 e
ks 1538 Hkd A LT% 3,5 55
iLfr i TG 18 254 575 G615
143 4355 R LB T #5219 54,7
0.3 i b T LA S0 475
(L &7 LY 2133 193 ik Ik
s L1 414k Hud 1754 8.5 LA
fez 085 2097 12 L% 1o l i

Table &: Sleve Analysis Result for Slump Site 4
hl::n::u '-\';L:: uf | Welshi ;Eﬂ:‘_‘:hu amil w’;‘,ﬂ:,ﬁm e iBotsbned “:::H. % Passiag

3 i AE3 T 5 &34 036
135 4.2 Ll 7 iy 12410 2139
fle T 40,7 45353 fifhe F9R 1R A4% Kl.&1

| 11K LR a8 1.5 X =0T
I 18 3857 FA i i =10 by
(LES £LEE L1111 il 5% #.97 G513
ik 47 Tl 24 ik | .5 fi.dy
43 43535 Hib .6 7.9 451 M7
3 313 A2 T (%1} 5N £.42
115 M7 e e I | T1.38 2R
kLIS JiRla g ELRE ATy g 104
kL2 2095 ST I2 108 1M 0

particle grain size is Figure 13, Thegraphs revesl  coarse sand and fine gravel is high as well, its
very high amount of fine sand and considerable  C,and C_are 1.2B0 and 0.10 respectively, whith
significant coarse sill. Proporbon of medium o Indicates poor grading,
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Table 7: Siove Analysis Result for Slump Site 5
T | siee L] Yo | % Retined | S| 4 Psing
3 4th are & .38 133 Sh.62
135 4682 Al 4 131 | E31
136 4267 26w {2 13 184 G816
2 AR 183 0.3 L FE 2T LR ¢
L.18 TE5T b =8 5 43 857
(L5 A5%H 1564 I .59 % |
EE 47CL] 4R LR hi43 127 ET26
LR 4153 574 X 1647 HT T
03 13 TG 124 1759 473 b
015 4107 4573 e 8.1 i1 | R Nl
IhCIH JHn HIE2 IS .13 a5 L E
o2 LI 3 45 L6 St ia
Tahle 8: Siova Analysls Result for Slump Site &8
.':i:::;u \#;:Ii:nl Weighi ;:31.*.*: nml H:;t:!;:::rnl %% Retaines) nf:::m % Paaaing
3 7 4Tak EE ] sy a7 ¥
1,55 6& 7 4707 IS 3 B W
.35 4267 A2EE 2] FA L) 52 L 2]
2 414 4187 (Ll =4 T.3h ors
LK iHET g 3 1i3 [ W e
&S ELER IFEF 12 L&l L E .z
.6y T AT R T L& | Lty B3
a3 4333 1383 | ind |28 RIT
n3 33 14 10 4.7 20594 EL
A5 207 4173 It 2w 41 ]
08 IR 1133 111 o bl 43,53 L]
{0z 2URS ] 5 [ L) (1]

Table 7 is the sieve analysis result for slump  samples from slump site 5 The bar chari
site 5. Figure 14 |s the plot of Percentage Mass represantation of its particie grain size s Figure
Fassing (PMP) versus sieve grain size for  15. The chan reveals much fine to coarse sand.
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Table 8 Summary of the Geotechnical Attributes

Blimep Slee | WM (%) Ci Cr Kims" ni%a) ot

L1, 1. Pl
| 66 205 0.7 (LR 4 ikd R 14.5 175
- 31 .57 014% e L it 454 bl | 11,4 %1
1 19 531 T 0, 105 ! 1134 2% e sl
1 58 o 0 0% =00’ {436 26 15 6.4
X 2 348 55 o=t 139 ] 173 [
fi 23 107 (1 ] nTiE= g0t 043 218 138 &1

Thare is significant emount of coarse sand, fine
gravel and cearse silt. C,and C, for samples
from sita & are 3 480 and 0 959 respectively, and
thesse indicate poor particle size grading

Table 8 |5 seva analysis results for sample
from slump site 6. Figura 16: s the plot of
Percentage Mass Passing (PMP) versus sieve
grain size for samples from slumgp aite §. Tha
representation of the grain
componantsis Figure 17. The sample comprises
fine sand, medium graimed sand, coarse sand
and fine gravel. G, and C, for samples from site
& are 1.87 and 0.912 respactively, and hase
indicate paor particle size grading.

The entire geciechnical afinoutes at the slump
sltes ara summarized in Teble 9, Obiained values
of Atterberg limits are similar i1 magnitude for
samples from allthe sies. The LL values are less
than 40%. Such fow LL values are indicative of
Iew clay content. The PL are lower than 209 and
this indicates fittle silt and clay content. Values of
Pl aee less than 7%, which is an indication that
the parbicles are non-plastic (o plastic. These
obtained vaiues of Atierberg limits imply that
slumping in the sites i unlikely to be cauzed by
clay shrinking and swalling. The NMC value
obiained from sieve analysis resulls of samples
from site 3 is 1.9%. The NMC value of sample

histogram

from sile 1 (6.8%) and site 4 (5.8%) are largar
than the valueof site- 1 samples. The values for
site 2 samples (3.1%) and site 5 samples (2. 2%)
are higher than the value of site 1 sample. This
variation in NMC values indicates that natural
moisture content significantly affects slumping in
thearaa. Az NMC incréasas, thaintermal cohesion
that hoids the farmation particies together is
reduced, and this [nitiates siumping
(www.s0est hawal edWGGFACULTY). Waell
graded formation has a wide spectrum of particle
exEas: The presenceof many pariicies of different
slzes resists mass movement by promoting
internial fnction, and therafore internal cohesion

Waluss of C  obtained fram sieve analysis results
for the samples are less than 5%, except at site
3 where C value Is 5.31%. This implies that
samples from the samples are poorly graded,
except samples from site 3 which are fairly
graded. Such poarly graded sites are suscaptibhe
to slumping, as observed at sites except site 3,
The NMC test and C | from sieve analysis show
that the slump sites are characterized by high
values of NMC poor particle size grading, and
consequently low intemal cohesion. Any steps
taken to increase Internal would therefore arrest
slumping at the sites. Some of such steps are
the foilowing:
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1. Building concrets retaining walls with
orthegenal ateel drain pipes across exposed
slump surfaces. The walls will stabilise the
shump surfaces, white the pipes will drein water
away from the formation. Tha result is
increased internal coheslon and inhibited
slumplng.

2. Bpraying emvironmentally friendly formation
particles stabilising salution mto the farmation
woukd improve intemal cohesion, One of such
solutions is GRT 7000, which largely
increases particles cohesion strength and
Imipearmeabilty (thereby preventing increasein
NBAC),

3. Planting fast growing vegatation will improve
particte cohasion, 2s roots of the vegetation
bind farmatian particles togsather

CONCLUSION

Surface gealogical reconnaissance revaaled that
the geplogical farmation undargaing slumping is
Doko member of the Bida Formation. iz
pétrograpghic atiribules: comprise clay-matrix
conglomerate at its base, combined with s
vagiuely bedded fining upward ssquence of
medium-fing sand, sillslone snd mudstone.
Atterbarg limits-of the formation sampies from
slumping sites and stable sie have simlifar valses.
The LL values are- low, being less 403 The low
values indicate low clay content. The PL values
are less than 20% and they indicate very low sit
and clay content. The Pi values are lesser than
T%, thus indicating that the formation particles
are non-plastic to shghtly plastic. These low
Atterberg hmit valies suggest that clay swalling
and shonking s very minimal to absent at the
slump =ites, and unlikely to ba responsible for
the observed slumping. Values quUlndll;Ete {hat
the sampies at the dump sites are poorky graded,

while the zampla al site 3 {where the formationis
stable) is fairly graded. P

‘Valuas of NWC at slump sites vary batween
2.2% and 5.6%. These are somelimes tnple the
value at he stable site, which is 1.9%. The l:u
and NMC altributes indicate that poor formation
particle size grading and high natural moisture
content are responsibla for slumping at the slump
sies. Since poar formation particle size grading
and high NMC diminish intefal cohesion and
pramole shumpang, steps that reduce NMC and
promate intermal cohesion would arest slumping
at the sites. Some of such steps are bullding
concreli retaining walls with steet drainage pipes
across the slump surfaces, spraying enviranment
friervdly formation particles stabilising sofution into
ina formation, and planting fast growing vegetation
on tha shimp surfaces.
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