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Abstract—Proper understanding of the relationships between the 
physical factors influencing the engineering properties of soils and 
their measurable electrical parameters provides a methodology by 
which the engineering behaviour of soils can be predicted non-
intrusively. This paper presents the preliminary results of an ongoing 
research on correlations of electrical resistivity with index and 
engineering properties of blends of shedi soil, a problematic soil 
locally available throughout the Konkan area, with river sand. The 
unsaturated soil, which is composed of soil particles, water and air, 
exhibit more complex properties due to negative pore water pressure 
and matric suction when compared to saturated soils. Digital 
multimeters, a resistivity box and a dc power source are utilised to 
measure the electrical resistivity of the unsaturated soil samples. This 
paper presents how the physical factors like water content and dry 
density influence the electrical resistivity and also the effects of 
degree of saturation on the resistivity for different gradations of the 
soil. 

1. INTRODUCTION 

The unsaturated soil, which is composed of soil particles, 
water and air, exhibit more complex properties due to negative 
pore water pressure and matric suction when compared to 
saturated soils. The outcomes of the study would provide 
proper understanding about the influence of fundamental 
physical characteristics of unsaturated soils on their electrical 
responses. The paper presents the preliminary results of an 
ongoing research on the correlations of electrical resistivity 
with index and engineering properties of blends of shedi soil- 
(a lithomargic clay and a problematic soil present at depths of 
1-3 meters below the top lateritic outcrops throughout the 
Konkan area) with river sand. Digital multimeters, a dc power 
supply and a resistivity box with stainless steel electrodes 
were used to measure the electrical resistivity of compacted 
unsaturated soil samples.  

Bai[2] conducted a laboratory study on the effects of physical 
properties on electrical conductivity of lateritic soils. Studies 
on electrical resistivity of sand-siltmixtures[7]compacted 

clays[1], [5], marine clays[6]and expansive soils[8] have also been 
conducted. However, the laboratory studies of electrical 
resistivity on unsaturated dispersive type of soils such as, 
shedi soil and its blends with river sand are rarely reported. 

2. TEST MATERIALS 

Shedi soil is the name given to the locally available whitish, 
pinkish or yellowish lithomargic soils. These soils are 
characterized by high silt content, and low strengths [4]. Shedi 
soil in the current study was collected from Padapanambur, 
which is located in Dakshina Kannada district near to 
Mangalore. Locally available river sand was used in the 
present study. River sand, used for blending with shedi soil, 
was collected from Kulur river site.  

For the present study, soil samples were collected and were 
investigated for geotechnical and electrical resistivity studies 
by adding different percentage of river sand to them. The river 
sand was added to shedi soil at rates,of 0, 10, 20, 30, 40 and 
50% by weight of dry soil. The results of the geotechnical 
tests conducted as per the IS specifications are presented in 
Table 1. 

Table1: Basic geotechnical parameters of the soil samples. 

Parameter 
Percentage of river sand added 

0 % 10% 20% 30% 40% 50% 
G 2.58 2.58 2.60 2.61 2.61 2.62 
PL (%) 33.90 31.42 30.50 29.90 27.10 25.30 
LL (%) 47.00 44.50 40.60 39.40 37.70 34.40 
PI (%) 13.10 13.08 10.10 9.50 10.60 9.10 
OMC (%) 26.80 24.07 20.90 19.00 17.00 13.30 
Γdmax (g/cc) 1.48 1.56 1.62 1.72 1.80 1.87 
Clay size (%) 36.60 26.90 28.90 23.40 19.40 15.20 
Silt size (%) 52.60 50.80 39.60 32.10 28.30 24.00 
Sand size (%) 10.80 22.30 31.50 44.50 52.30 60.80 

G- Specific Gravity, PL- Plastic Limit, LL- Liquid Limit, OMC- Optimum 
Moisture Content, γdmax- maximum dry density 



Inv
 

3. 

F

4. 

4.1

Sta
mo
set

4.2

Th
sta
to 
Fig
wit
res
the
sep

5. 

5.1

It w
up 
dry
wa
20
sam
fou
35
ran
in 
con
Fig

Th
res
obt
is 
low

 

vestigating Lin

P

TEST APPA

Fig. 1: Circuit d

MEASURE

1 Calibration o

andard solutio
olarities(0.2 to 
tup. Thus a cali

2 Measuremen

he soil was fill
ainless steel ele

the multimete
g. 1. The resis
th the calibrati
sistivity box to
e cross section
paration betwe

RESULTS A

1 Effect of moi

was observed 
to moisture co

y density. The
as 926.43 Ohm
%. Of these, 
mple of shedi 
und that soil r
% to 40% mo
nged from 19.9
the soil sampl
ntent of soil s
g. 2. The R2 va

he discontinuit
sistivity in the m
tained for wate
almost 'adsorb
wer resistivity v

nkages between

Print ISSN: 234

ARATUS 

diagram showin

EMENT OF RE

of the equipm

ons of NaC
1.0 M) were 

ibration factor 

nt of soil electr

led in the resis
ectrodes of the
ers and the dc 
stance of the s
ion factor and 
o obtain the ap
nal area of the 
en the current 

AND DISCUS

isture content

that soil resist
ontent around 2
e average rate 
m-m for the in

maximum v
soil with 40%

resistivity resu
oisture content
91 to 45.11 Oh
es. The variati

samples at fixe
alues vary from

ty of pore wa
materials. The 
er content high

bed water cont
value at higher

n Electrical Re

Journal of C
49-8404; Onlin

ng the connectio

ESISTIVITY 

ment 

Cl and KCl, 
used for stand
was obtained. 

rical resistivit

stivity box by 
e resistivity box

power source
soil thus obtain
a geometric fa

pparent resistiv
current electro
electrodes. 

SSION 

t on electrical 

tivity decrease
25% for all soi
of reduction 

crease of mois
variation was 
% river sand. 
ults were almo
t. The observe
hm-m at 50% 
ions of resistiv
ed dry density 

m 0.90 to 0.97.  

ater causes an
continuity of p

her than the pla
ent'. This resu
r water content

sistivity and Ph

Civil Engineer
ne ISSN: 2349-

 
ons for the setup

with differ
dardizing the t

ty 

compaction. T
x were connec
 as shown in 
ned is multipl
actor (A/L) of 
vity, where ‘A
ode and ‘L’ is 

resistivity 

ed almost linea
l samples at fix
in soil resistiv
sture from 9%
observed in 
However, it w

ost constant af
ed soil resistiv
moisture cont

vity with moist
are presented

n extremely h
pore water can
astic limits wh

ults in a relativ
t[3]. 

hysical Charac

 
 

ing and Enviro
-879X; Volum

p. 

rent 
test 

The 
cted 
the 

lied 
the 
’ is 
the 

arly 
xed 
vity 

% to 
the 

was 
fter 
vity 
tent 
ture 
d in 

high 
n be 
hich 
vely 

Fig. 

5.2 Eff
Resistiv

The var
content 
found t
for all t
linearly
increase
content 
resistivi
with 50
decreas
moistur
to 1.45g
was on
the vari
at high
show re
the thre

An incr
of satur
particle
density
elimina
Therefo
density[

The av
increase
Table 2

It was o
moistur
that soi
compar
with inc

cteristics of Un

onmental Techn
me 2, Number 1

2: Variations of
sam

fect of moistu
vity  

riation of resis
of studied soi

that soil resisti
types of soil sa

y with an ave
e of dry densit

for the six 
ity was observ
0% river sand 
ed at an aver

re content with
g/cc. Whereas,

nly 24.91Ohm-
iation in soil re

h moisture con
emarkable chan
ee moisture con

rease in density
ration. More p
s at higher deg

is associate
ation of intercl
ore, soil resis
[1]. 

verage rate of
e of dry densit
. 

observed that s
re content and
il resistivity w
red to density. 
crease in moist

nsaturated Soils

nology 
3; July- Septem

f resistivity with
ples at fixed dr

ure content a

stivity with dry
il samples are 
ivity decreased
amples. Soil re

erage reduction
ty from 1.3 to

samples. Th
ved in soil samp

for the same 
rage reduction
h an increase o
, the average r
-m at 30% mo
esistivity with d
ntent. Howeve
nges for furthe
ntents for any o

y is associated 
pronounced bri
gree of saturati
ed with rem
lod voids and
stivity decreas

f reduction in
ty from 1.30 to

soil resistivity 
d density. How
was more sens

It is seen tha
ture content an

s 

mber, 2015 

h moisture cont
y density. 

and dry dens

y density at fix
presented in F
d with increas
esistivity decre
n of 433.1Oh
 1.45 g/cc at 9

he least variat
ple consisting 
condition. So

n of 83.74Ohm
of dry density f
reduction in so
oisture content
density was no
er, soil resistiv
er increase in d
of the samples.

with an increa
idging occurs 
on. In addition

moulding of 
d reorientation 
ses with the 

n soil resistivi
o 1.45 g/cc is 

decreased with
wever, test res
sitive to mois

at soil resistivit
nd density. 

47 

 
tent of soil 

sity on soil 

xed moisture 
Fig. 3. It was 
se of density 
eased almost 
m-m for an 
9% moisture 
tion in soil 
of shedi soil 

oil resistivity 
m-m at 18% 
from 1.3g/cc 
oil resistivity 
t. Therefore, 
ot substantial 
vity did not 

dry density at 
  

ase in degree 
between the 

n, increase of 
clay clods, 
of particle. 
increase of 

ity with the 
presented in 

h increase of 
sults showed 
sture content 
ty decreased 



48

Fi
wit

Ta

P

ig. 3: Comparis
th soil resistivit

able 2: Summar

Moist
Conten

9 
18
30

Print ISSN: 234

son of the effect
y for Shedi soil 

50% riv

ry of Average R

ture 
nt (%) 

Redu

8 
0 

Journal of C
49-8404; Onlin

t of moisture co
with 0%, 10%

ver sand. 

Reduction Rate o

uction Rate of R
(Ohm-m per g

2887.31 
558.27 
166.06 

Civil Engineer
ne ISSN: 2349-

ntent and densi
, 20%, 30%, 40

of Soil Resistivi

Resistivity 
g/cc) 

Nimi Ann V

 
 

ing and Enviro
-879X; Volum

 

 

 

 

 

ity 
0%, 

ity. 

The rat
content 
soil res
content
m per g
was mo
higher m

 Under 
through
solution
moistur

5.3 Effe

The wa
single g
variatio
presente
that so
saturatio
of satur
dry den
30% de
decreas

Increase
reductio
particle
in degre

Fig. 4: 
satura

5.3.1 E
on incr

Soil res
9%, 18%
saturate
soil res
samples
soil resi
and 18%

Vincent, R. Shiv

onmental Techn
me 2, Number 1

te of reduction
and decreased

sistivity was 
. However, rat

g/cc at 30% mo
ore sensitive to
moisture conte

applied electr
h the pore sp
n. Thus, electri
re content. 

ect of degree o

ater content an
geotechnical pa
on of soil re
ed in Fig. 4 fo
il resistivity 
on with R2 val
ration increase
nsity[1]. Averag
egree of satur
ed to 168.54Oh

e in degree of 
on in interclod
s. Therefore, s
ee of saturation

Comparison of
ation for Shedi s

ffect of degre
rease in percen

sistivity tests w
% (partially sa
ed) and 1.3 g/c
sistivity was d
s as presented 
istivity decrea

% moisture con

vashankar, K.N

nology 
3; July- Septem

n was found to
d with increase 

sensitive to 
te of reduction 
oisture content
 moisture cont
nt. 

rical field, ele
pace by condu
ical conduction

of saturation o

nd density of s
arameter called
sistivity with 

for all the soil 
decreased wit
lue ranging fro
es with the inc
ge soil resistiv
ation. Howeve
hm-m at 90% d

f saturation yie
d macro void
oil resistivity d

n. 

f variation of so
soil with 0%, 10

river sand

ee of saturatio
ntage of fine c

were conducted
aturated) and 30
cc dry density
dependent on 

in Figures 5 
sed with incre
ntents for a dry

N. Lokesh and V

mber, 2015 

o be high at 9
of moisture co
density at lo
decreased to 1

t. Therefore, so
tent compared

ectrical conduc
uctive ions in

n in soil mainly

on soil resistiv

soil can be co
d degree of sat

degree of s
samples. It w

th increase o
om 0.699 to 0.
crease of wate
vity was 1363
er, average so
degree of satur

elds changes in
ds and orientat
decreased with

oil resistivity wi
0%, 20%, 30%,
. 

on on electrica
content. 

d on all the soi
0% moisture c

y. Test results
fine fraction 
& 6. It was o

ease of percent
y density of 1.3

V.L. Gayathri 
 

9% moisture 
ontent. Thus, 
ow moisture 
166.06 Ohm-
oil resistivity 
to density at 

ction occurs 
n the water 
y depends on 

vity 

ombined to a 
turation. The 
saturation is 

was observed 
f degree of 
.941. Degree 
er content or 
.3Ohm-m at 

oil resistivity 
ration. 

n clay clods, 
tion of clay 

h the increase 

 
ith degree of 
, 40%, 50% 

al resistivity 

il samples at 
content (fully 
showed that 
for the soil 

observed that 
t fines at 9% 
3 g/cc. 



Inv
 

F
s

F

Te
25
per
inc
con
sat
per
wa
for
the
par
con
tak
par
fin
as 

Ho
to 
den
soi
fin
par
inc
con
agg

vestigating Lin

P

ig. 5: Correlati
shedi soil and th

ig. 6: Correlati
shedi soil a

st results show
64.27Ohm-m 
rcent fines from
creased from 
ntent. At this
turated. Specif
rcent fines inc
ater is require
rmation of con
e absence of c
rticles is not 
nductive clay 
ke place with
rticles. Hence 

ne percentage w
a result of grea

owever, there w
103.37 to Ohm
nsity with an i
il samples are 

ne content are
rticles[1]. Ther
crease in fine 
ntinuous film 
gregate voids 

nkages between

Print ISSN: 234

on between per
heir blends at 9

on between per
and their blends

wed that the res
at 9% moistu
m 39.16% to 8
375.01 to 424
s stage, all th
fic surface are
creases. As th
ed to make t
ntinuous water
continuous wat
possible to oc
content is pres
hout proper 
at undersatura

would result in 
ater specific su

was a decrease
m-m at 30% mo
increase in per
fully saturated

e often compo
refore, soil r
content at fu
of water will 
which facilita

n Electrical Re

Journal of C
49-8404; Onlin

rcent fines and s
% and 18% mo

rcent fines and s
s at 30% moistu

sistivity increas
ure content fo
89.27% wherea
4.77 Ohm-m a
he soil samp

ea of soil parti
e surface area
the soil satur
r film around 
ter film, bridg
ccur. In additi
sent, ionic con
water bridgin
ated conditions
increase in ele

urface area. 

e in soil resisti
oisture content
rcent fines. At 
d. Soils with hi
osed of more 
resistivity may
ully saturated 

be maintained
ate ionic condu

sistivity and Ph

Civil Engineer
ne ISSN: 2349-

soil resistivity fo
oisture contents

soil resistivity fo
ure content. 

sed from 764.8
or an increase 
as, soil resistiv
at 18% moist

ples are partia
icles increases
a increases, m
rated or for 
fine particles.

ging between s
ion, even thou
nduction does 
ng between s
s, the increase
ectrical resistiv

ivity from 148
t and 1.3 g/cc d
this stage all 

igh percentage
conductive c

y decrease w
conditions, sin
d along the in
uction. Howev

hysical Charac

 
 

ing and Enviro
-879X; Volum

 

for 
s. 

 

for 

8 to 
in 

vity 
ture 
ally 
s as 

more 
the 
 In 
soil 
ugh 
not 
soil 
e of 
vity 

.97 
dry 
the 

e of 
clay 
with 
nce 
nter 
ver, 

the mo
content 

6. CO

 Soi
con
100
9%
alm
Enh
mo
the

 Soi
433
con
in 
var
sub
var
dry
inte
mig
of d

  It
on 
dry

 It 
par
satu
com
res
brid
ele
par

7. SC

Electric
econom
method
physica
undersa
Since th
role in 
basic pr
way to 
and ind
effectiv

REFER

[1] Abu
B.,“
eng
 

cteristics of Un

onmental Techn
me 2, Number 1

ost influential 
and density. 

ONCLUSIONS

il resistivity 
ntent. The ave
06.42Ohm-m f

% to 20%. It 
most independ
hanced electri

oisture might c
e increase of mo
il resistivity d
3.1Ohm-m, 83
ntents of 9%, 1
dry density 

riation in so
bstantial at hi
riation was co
y density at th
erclod pores 
ght cause redu
dry density.  
was also conc
soil resistivity

y density. 
can be gener

rticles in the 
urated conditio
mes into role,
istivity. But at
dging alleviat
ctrical resistiv
rticles is increa

COPE 

cal resistivity m
mically compar
ds. This study w
al factors influ
aturated condit
he fundamenta
its engineerin
roperties and 
develop a meth

dex properties 
ve, less time co

RENCES 

u-Hassanein, Z
“Electrical resist
gineering, ASCE

nsaturated Soils

nology 
3; July- Septem

factor for so

S 

decreased wi
erage reductio
for an increase
was observed

dent after 35
ical conduction
ause the reduc
oisture. 
decreased at 
.74Ohm-m and
8% and 30% r
from 1.3g/cc 

oil resistivity 
gher moisture

omparatively le
he same moist

and better p
uction in soil re

luded that the 
y was more pro

ralized that, a
soil sample 

ons, the conce
, resulting in 
t saturated con
tes electrical 

vity reduces a
ased. 

measurements 
red to convent
would enhance 
uence the elect
tions compare
al physical pro
ng behavior, th
its electrical p
hodology for q
of the soils us
nsuming and e

Z. S., Craig 
tivity of compac

E, 122, May 1996

s 

mber, 2015 

oil resistivity 

ith increase 
on in soil res
e in moisture c
d that soil res
5-40% moistu
n due to the 

ction in soil res

an average r
d 24.91Ohm-m
respectively fo

to 1.45g/cc. 
with density

e contents. Ho
ess for further
ture content. R
particle-to-part
esistivity with 

effect of mois
onounced than 

as the percent
is increased 

ept of specific 
the increase 

nditions, presen
conduction, 

as the percent

can be done 
tional geotech
the knowledge

trical response
ed to saturated
operties of soi
he linkages be
properties wou
quantifying the
sing a compar
easier method.

H. Benson, a
cted clays”. J. of
6., pp. 397-406.

49 

is moisture 

of moisture 
sistivity was 
content from 
sistivity was 
ure content. 
presence of 

sistivity with 

reduction of 
m at moisture 
r an increase 
Hence, the 

y was not 
owever, this 
r increase in 
Reduction of 
ticle contact 

the increase 

sture content 
the effect of 

tage of fine 
at partially 
surface area 
of electrical 
nce of water 

and hence 
tage of fine 

quickly and 
hnical testing 
e on how the 

es of soils at 
d conditions. 
l play a key 

etween these 
uld furnish a 
e engineering 
ratively cost-

and Lisa R. 
f geotechnical 



Nimi Ann Vincent, R. Shivashankar, K.N. Lokesh and V.L. Gayathri 
 

 
 

Journal of Civil Engineering and Environmental Technology 
Print ISSN: 2349-8404; Online ISSN: 2349-879X; Volume 2, Number 13; July- September, 2015 

50

[2] Bai,W., Kong,L., Guo, A.,“Effects of physical properties on 
electrical conductivity of compacted lateritic soil”. J. of Rock 
Mechanics and Geotechnical Engineering, Science Direct, 5(5), 
June 2013, pp. 406–411. 

[3] Bhatt, S. and Jain, P. K., “Correlation between electrical 
resistivity and water content of sand –a statistical approach”. 
American Int. J. of Research in Science, Technology, 
Engineering & Mathematics, 2014, 6(2), pp. 115-121. 

[4] George, V., Ramakrishna, H., Vardhana, M. V., Santosh, G. and 
Gotamey, D., “Accelerated Consolidation of Coir Reinforced 
Lateritic Lithomarge Soil Blends with Vertical Sand Drains for 
Pavement Foundations”. EJGE, 17, 2012, pp. 2115-2132. 

[5] Kibria and Hossain, M. S., “Investigation of Geotechnical 
Parameters Affecting Electrical Resistivity of Compacted 
Clays”. J. of geotechnical andgeoenvironmental engineering, 
ASCE, 138, December 2012, pp. 1520-1529.  

[6] Long, M., Donohue, S., Heureux, J. S. L., Solberg, I. L., 
Ronning,J. S., Limacher, R., Sauvin, P. C. G., Romoen, M., and 
Lecomte, I.,“Relationship between electrical resistivity and 
basicgeotechnical parameters for marine clays”. Canadian 
Geotech. J. 49 (10):October 2012, pp. 1158-1168. 

[7] Seo,S.Y., Hong, S.S., and Lee, J.S., “Electrical Resistivity of 
Soils Due to Cyclic Freezing and Thawing”. ISCORD 2013: 
Planning for Sustainable Cold Regions. ASCE, 2013, pp. 149-
154. 

[8] Zha, F., Liu, S., and Du, Y., “Evaluation of Swell-Shrinkage 
Properties of Compacted Expansive Soils Using Electrical 
Resistivity Method”. Advances in Unsaturated Soil, Seepage, 
and Environmental Geotechnics, ASCE, 2006, pp. 143-151. 


