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Correlation between electrical resistivity and geotechnical engineering properties of soil
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Abstract

The study of soil electrical resistivity in various type of soil,
which were lateritic soil and fine sand, which may be affected
from the change of soil properties for instance, water content
and dry density. Meanwhile, there may be a relationship
between the property of the resistivity and the properties of soil.
In this study, a resistance test was performed by inputting an

electric current from the power supply through a soil sample

prepared in a soil box, which samples in this study are a lateritic
soil from Thali, Loei, Thailand, and KMUTT sand (sand which
passed through the No. 40 sieve and retained on the No. 100
sieve). The compaction tests were also done to receive the
maximum dry density and the optimum moisture content then
the desired water content and the dry density of the soil sample
are controlled in the soil box, while the voltage of the
experiment was controlled in a range between 3 and 30 volts.
The experiment found that there is a relationship between the
water content, the dry density and the electrical resistivity, and
the response surface methodology was used to create and
analysed the correlation. From the experiment, the resistivity
predicted from the regression tend to be reduced proportionally

to the increased in the water content and the dry density.

Keywords: resistance, multiple variable regression, lateritic soil,

sand, electrical resistivity, geotechnical engineering properties
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FosnuarUSinamutuluiu Ssanauduiugsingnd enaviili
amwﬁmmulwﬂnmmmgnﬁm:mLLazﬁmiﬁﬂﬂWmﬂﬁu Taens
nodeviasauisnanuaienuduiuiiasinseilaegld3s
*ﬁuﬁamauaum (Response surface methodology, RSM) wuudunsa
Aoulndn (Central composite design, CCD) Tun1sitaszinazasig

aunmahunglaglimsliessiifinanesuuunyan

2. AAUNIINNADY
2.1 Jangunsal

2.1.1 F0e1N9aUa1M5UNITNARDY

fugn¥sgnideniusiognsiuriausn Tnefiegsildzuman
nslnidiendnuiasginalng dadudiegrsiuaindinesing
Jwiaae esanvuineynierveadaduursdrudivuialug us
YSumsvesndesdiaiuinde virlidesiinismuausuinveseunia
vosiuteguilivaaey Tnesetrsiugnisiilinaaouimunuiu
fignsourunzunsaues 10 (2 fadiuns) uazkiuniseuiigamgi
110 °C

nseduiegrsiiesvesnismnaesil Tnsnmmaaeuiilingie
195, (KMUTT sand) daifunsnedivhnisdnsfaedisunsunsaves
40 (0.425 TadiunT) UagAIUUAZLNTIUDT 100 (0.150 Hadwns)
wagH1un1soUTigamail 110 °C FaArautAsing 9 vesdugnisuas
ns10filiannnismaaswing 9 luansdamsieil 1 uazranisvaaey

NMIUABALULINATIULAZILUUEIN TR U lAUAR T IFUT 1

719199 1 ensruansantRvesiiegfiugniuasne

Material
Property Unit
Lateritic Soil Sand
Specific Gravity 2.75 2.66 -
D50 0.481 0.325 Millimetre
Coefficient of Uniformity,
3.076 1.208 -
Cu
Coefficient of Curvature,
0.763 1.270 -
Cc
Optimum moisture
1.738 1.498 g/cm’
content (Standard proctor)
Optimum moisture
1.942 1.543 g/cm’
content (Modified proctor)
Maximum dry density
15.54 6.95 Percent
(Standard proctor)
Maximum dry density
12.35 11.27 Percent
(Modified proctor)

Material: Lateritic Soil KMUTT Sand
Standard Compaction:  —®— ——
2504 .. R Modified Compaction: —— ——
"t~ >-.__ |Zeroairvoidlne: ----- -----
2.25 -
o
£ 2.00
(=] Teea -
Z’ 1.75 .///H\. T
2 15647
7}
c
[}
T 1.530 1
>
[a)
1.496
1.462
T T T T T T T T
4 6 8 10 12 14 16 18

Water content, w(%)

UM 1 EUlANNSUASARLLUUNIATIUIAZEINTIUINTTILVDINT Y 5.

2.1.2 naganeaeudu (Soil Box)

ndeanaauALYBIUTEN MC. Miller LPundesiignldluns
yagouatell HugUnsoifiunusnsgumsvaasuuuuadalui
W94 ASTM G57 [5] Tnendesgnairsainiagnatadinlasila plexiglass

Tnedudulansamuiaandafnniudiuen (Outer electrodes) T

nsgaenseualihniuasineniglundes warlitilu wievyain

a

A110A19AnSTWH A (Inner electrode or potential electrodes)
aunsanoneenld figuil 2 Tnondesiiuiunns 270 Seddns 1
fufintinde 12.8 asramuRuns Anueanglundesiaun 21.0
WURLLAS UATSZEEUINSEUINIITA TR R efnd iRy 12.8

LHURLLAT

Outer electrodes

3UN 2 psAUsznaUTRINdRIRADUAUYEY M.C. Miller
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2.2 MISIATIZYHANITINGEN

TunsnaaeuiilaiinislénsiasizilagldisiuRonevauss
(Response surface methodology, RSM) 1u;§ULLUUﬂﬁaamwwaa
WunSameulndn (Central composite design, CCD) FaldTusunsy
Minitab Tun153iAT1eaunTNYAMLUUANBEKAZAT19AINTUIUS
SEAIUSIIAANTY ALrULLuLE wazandumulniily
EULLUU’U@Nﬂi"IW"ﬁUﬂ'J TagnsimunFududmniunisnaasuds
$198991n N1TOONLUUNITNAADI (Design of Experiment, DOE) [7]
Taeswuaddunmadeutuegiuaiuussuresaunis ddunis
VAEoUEE 2 FuUsu nafe nsneassiiunisnnassfidesseu
Felunisiiniseenwuunisvaasssniudesiinisdredadiain
aaﬁﬂssﬂauamdauﬁagﬂﬁ 3 Fafte damuunu (Axial part) Suiiusu
ArFuUsuarInraunainAdouvesdninaiidsaes (Quadratic
effect) druuvinvaidea (Factorial part) fuihiinsiaaeuanulésves
Foyauarinmnuieitosiuvesansdiinds uazqaisnans (Center
point) ﬁmﬂwﬁu%’uﬁwﬁaLLﬂsLLazLﬂumﬂmwaﬁaga FasPudead
Msfusnnimiiefaiietadiaunainindeulnensa (Pure
erron) Inpdmsunsnaassiildidensuaunisnsnaaeufidiuuny
Jusuau 6 ads (8] Feilinnsmeassiiiisiuaunismageutmun
Iy 14 afa TnendannismagounIuA18118491nN588NLUUNIS
Wﬂaaame;mﬁ%ﬁmduuﬁnﬁﬂa'nm waIanTeideyanaraing

AUNTNYAULUVUDANDY SdsEansalnseiaduUssansuansnis

simaulalediou (Coefficient of Multiple Determination, R?) @

@ Center point
@® Factorial part

(0,1.414) @ Axial part
®
(-11) Test 11 (1.1)
Test 3 Test 13
(-1.414,0) 0,0) (1.414,0)
@ @ L J
Test 1 Test 5-10 Test 14
-1,-1) 1,-1)
@
Test 2 0,-1.414) Test 12
[ J
Test 4

UM 3 nseenuuuiunSaneulndndmsu 2 fauuseu

2.3 nsimSeunIsnnaey

2.3.1 NsiNTeusI08 190U

Tunsnaaouil fegshuldgnisienlnsniuguuiinaauty
(water content) WA¥AMUNUILLULAS (dry density) FeauTnans
mﬁm%gﬂ@”m%qmﬂmmm%uﬁmm:au (optimum moisture

content) WAYAIAIINMIUUUUIIEIER (maximum dry density) lag

AINANYBINTNARDU (N1INAABY STW3D3 Uag S2W3D3) vimtid
& = S v a
Wugeisnanvesnisesnuuunisnaaesuazilumildilugndneda
=y v s 1 - & ' v
Falean MaadeAnumINTuMINZaNLEE ATMINLILLILLIR
FUEAINMINABUNSUABARIBENLUUINATTIULATFINTILNTEIU
InganURnaaeveineg 19hUgNTIaENTIgLYNATUALAINATTIIN 2

LarmMI5199 3 UEIRU

719799 2 AT1ARlUSUNTUNTINAREUTBIAIBE 1RGNS

Test | Coordinate Test Dry Density, Hater Resistivity

content,

No. | from DOE Name Py (&/cm?) W o) (Q.m)
1 (-1.414, 0) S1D1W3 1.384 13.95 534.20
2 (-1,-1) S1D2w2 1.447 11.95 524.32
3 -1, 1) S1D2w4 1.447 15.95 450.08
a (0, -1.414) S1D3W1 1.600 11.12 526.67
5 443.73
6 444.92
7 427.71

0,0 S1D3W3 1.600 13.95
8 441.25
9 443.18

10 440.15
11 (0, 1.414) S1D3W5 1.600 16.77 41597
12 (1,-1) S1D4w2 1.753 11.95 479.85
13 (1,1 S1D4aw4a 1.753 15.95 404.01
14 (1.414,0) S1D5W3 1.817 13.95 396.53

(fl’]i"l\‘l"?i 3 Wﬁ'NLLﬁﬂﬂIﬂiLLﬂiuﬂﬁimﬂﬂ@UTaﬂﬁ]@ﬂwmﬁqEJ 18.

Test | Coordinate Test Dry Density, Hater Resistivity

content,

No. from DOE Name pd (g/cm?) W) Q.m)
1 (-1.414, 0) S2D1wW3 1.238 9.11 534.03
2 (-1,-1) S2D2W2 1.259 6.61 498.02
3 (-1, 1) S2D2wa 1.259 11.61 419.94
4 (0, -1.414) S2D3W1 1.309 557 529.73
5 436.25
6 440.15
7 443,12

(0, 0) S2D3W3 1.309 9.11
8 435.16
9 43212

10 427.56
11 (0, 1.414) S2D3W5 1.309 12.64 395.26
12 (1,-1) S2D4wW2 1.359 6.61 437.00
13 (1,0 S2Dawa 1.359 11.61 365.42
14 (1.414,0) S2D5W3 1.379 9.11 395.50

1NANT1N 2 LaTMIS19N 3 ANUSHIUAIHTULAL A NAULLY
WU D9iI0g1999@84LA1N N158EALUUNISNARBINID19893103D

< o = \ Hay =
Wunsaneulnds [6] TngduwnuveIN1SNagell NINAFIUNL, 4,
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11 uway 14 druwrnneiseafanisnaaeui 2, 3, 12 uag 13 uazin

AenansAen1sadauil 5, 6, 7, 8, 9 way 10

2.3.2 msvsgnauinieslennasy
WaINNISwTENIeg1aTIaNYTal NaRINAARIITgNYaNIY
' a = Y N & '
wunaafnuisiedesiunmsiasunlainnudussninansnegeuy
Fuaseslonadeugnaelasnsldintesinelvsaidriutiilewiuagying
vaanaes wagliiiaffivwes (Multimeter) sdowdniudaindndlnii &
DYATINANNIADENAFUN 4 wazgudl 5 Wevhmssiensasazesnuilu

E‘ULL‘U‘U‘IJadﬂ’]‘iﬁ‘EJQGY’J‘UOQL’JULUE)'%LLUU%“IQJI’J (Wenner’s 4-electrode

< I -

MILLIAMMETER MILLIVOLTMETER
OR AMMETER OR VOLTMETER

array) [5]

SOIL BOX

U# 4 nssionsaslulin (5]

Multimeter

Power supply

Soil Box

3UN 5 msUseneuinTesdientsnasdey

3. WAN1INAALLAZDAUIIENA

nsnegeudliunisiaenisienseualiindmetaiuasiine
vasgunsaluazinAInuisAndinnasausEndnedInginats lag
muauAuadndildadiluluieasiaesuldan 3 1aad audis 30
Tadt laeiiindunn 9 1.5 Taad fe8199u MIvaaes SIW3D3 1avih
nsmuANALAANETLEdlUN 30 Taad axldnssuaninaluisas
= o & P o a a s Py e
Feinanndauendanviriu 0.34 faduouwus uazarusedndion

AseuTainlianndalunienyainanusnsdngdaviiiu 14.830 Tiad

Tngranussindinnasen uaznszuanivaluiesiialivzgninly
Teluaunisi (1)

R:\% (1

dlo R feAranudumulii Q) V feanusnsdndiinnasex
W) Saldanialu was | Aenszuadilnaluasas () Saldarndauen
wdsnldmnudunulnsiamanussingfinn aseuuaznzLad
Ivaluses Sududessimstngamnivesduiinaassuazyimsuuud

Tngaunisi (2)

2

245+T j
40

R15.5 = RT(
118 RissApA1u@1unIug 15.5°C (Q) R Aoaanu@diuniuf
gaunilvesiuiinaaey (Q) uaz T Avgauugilvesduivinnismaasy

3 U

(°0) MntuFshlumaaningumulniingsaun 159 (3)
b
p=mbR/|1-—— (3)
b+a

e p Aeaniwdrumulidin (Q.m) bAssyezszuIngginiu

yanfataculu (cm) wag a Aesserseninedenulu (cm)
3.1 HANISINEOUAIEN TN IUNIULIT)

nmsnegeuman wiumuliiddduianAanuduniy
Tifivosiuiiansin ud3sudisuiuadsnarudulufunes
AN InedmsudiegafugnImuitanuduiussening
Vsnasmudulufu amunuduui wazanmdunuliiiuans

v v o =
Induaunsnyaauuuanaeslinaunisi (4)

p=2759-106.7w—1564 p, +3.21w* + 4229 +1.3wp, @

e p Aoanmdumulaiin ©@.m) W Aeusuasiluu 06) uas
pq ABANANIMIULULTS (/cm?) Tagaunsdl (4) anunsauansly
g‘dLmusuaqﬂiﬂWﬁuuﬂmauauaaié’ﬁquﬁ 6 Faaziiuledanig
WasuuasesUSinnuihlufiuuasaumunuiuuiiinasorann
sumulidn Tnganmdnumuliihezanasaufeganianeuiazisy
WindunueUiiuetuilfiuuluiu Iﬂﬂﬁ;mnné’u%tﬁmﬁﬁmﬁa
Usinaunlufuiidninty 15% fefuanduituiiduas uazaduusy
ansuananisdindulaidedou (R) vesnsadrauntswyguiiviniy
0.9443

A

° & a a v v ° A |a
LNE]U’]ﬂi’]WWUN’JIugUV] 6 UNASIUAUVBINITVINUIBNUIUU

MU 9 wazsuifisuiumildannismaaesdssud 7 aziiu
Tananuduiussenitsanuaiumuliiuag arurunuulL e
Snvarllufiemadeniu TnodleAUSinanuduinnni 18% vz
vinlseanmdunuliiniudy Ssdenndesfunisinenves Bai et

al. [1] AlaAnwridndnuwarasinnuduius sewinagn nduniu
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Inlfhuaganaummutuuisvesiugniasiuasulfisunfiviinadiagg

YDIANTUTILLNZEL (optimum moisture content)

5UR 6 AvwdviussEnInsAuvLLLue USinasTuRuuasann

fumuliivesiiegnsdugni

600
580

11.12 11.95 13.95 15.95 16.77
[ ] [ ] [ ] [ ] u

Water Content (%):
Experimental:
Predicted line:

560 -
~540
£
Ci 520
=
500
S 480
@
‘& 460
[0
0 440

420

400
Lateritic Soil

1.4

380

T T T
15 1.6 17

Dry density, py (g/cm®)

13

SURN 7 unsinnenarAnnnn1InaeuesantduiuS e nIeAEn
gunmliilazAauruniulRsiUSinaeuTuig 9 veq

fegeiugnia

Fnsumsnegeuman ndunulniivesiiednmsie 13s. e
AT UAIUSHN AN LTUTUAULAE AU LU LT WU
ANUFURUSSENINUSINANTUTY AT UILULLAS wazanw

sunuliiuandldduannsyaauuuannesldfaunisd (5)

p = 4579 - 42w -5135p, + 420" +1619; +13wp, )

e p Aeanindruniuliily @.m) W Aeusunairluiu (%)

A ' v 3y 2 =
Way p, ADAIANUVUILULUIN (g/cm?) Beaunisi (5) anunsouansly
sUsuursInmiiuimevauesldfagu 8 aviulainsdeundas

YasUsunatlufuwazAUrLILLLWRIYBIsag 118 iinasann

o '

EAR'l

a ¢ v a

ANBLEAAINIINAE

anmdrunmuliiuiediusiegnsiuan dmsusiegimse

U

AnduUsy

o
£

o

Lifignanndu ua wladedou (R v09n13

o

a 0w

Ny 0.8913

aieaunINYan

KMUTT Sand

3UR 8 anduiussErinse UL Usinaniufuwasanm

Funmlniihvessnedmsie was.

600
\Water Content (%): 557 6.61 9.11 11.61 12.64
Experimental: L] L} L] L] u
Predicted line: - —— —— — —
550 4
E‘ 500
<
[N
2
.= 450 4
2
(%]
0]
o
400
350
KMUTT Sand

T
13
Dry density, py(g/cm?®)
3UN 9 umsineuazAnn1snaenudiussEriean 1w
v ] ) o o A
FrumulrihuazannumuiuuiIUTINuA LTI 9 Y84

f9819NITY UG,

A

dothnsiuiinlugud 8 waaduvesnisiuisiiviua
AmEuAng q wasUlsuidisuiudildainnisaaes fasuil 9 ay
Winliinanudiusseninsanuiunuliiuag AU
SnwarlUlufianadeasy lnodevsunaautuisivlusasd
AuANLLULTsRsiaz vl AL i U Lanas

7 wazguil 9 Jauansliliuinguuuunsiesiivemanis

a

SUN

Y
nageudsdguwuuilmiioudu n1sesnuuun1snaass (Design of
Experiment, DOE) vasnnsoanuuuvasfuniansulndndeiuansly
JUT 3 wazdlowSeuiieumanndunuliihveshuisde szl
g AnssunsiUasunlasaninsunuliihildsunansznuainen

USunamnuduluiuwasanuvuLluwiasidnuas iesulnisnenis
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wasuuaslurasusnuaznisidsunlasismtosaason ¢ Weousunu

ANUTULAL ATUI UL UULFLALTY

Lateritic soil e
d
’g o
G 500 T
- .27 11 line
[N //
- 4
= o
3 o
4 -
=) L
: o 0
S 400
e o
o
T T
400 500

Measured resistivity, p (Q2.m)

UM 10 MailSeuiflsussninaanmsiiguagmannismageuves

fegeiugnia

KMUTT Sand R
= oo
G 500
o -
a B
> .~ 1illine
s -
0 a .
Ua’ 0 pmee
2 -
el
Q
g -
S 400 -
(3]
£ B

a.
T T
400 500

Measured resistivity, p (Q.m)

UM 11 mailSeuiflsussnindanmsineuagAannisnageuves

AIDYNNITIY LS.

INFUT 10 wagguil 11 aiiiulddnAnainnismeaaeuuazain
msvinedailndideaiu lnerinznguiuinniigaazidudaings
nae Faduardildainnsmageuvegadieds (Msmaaeu SIW3D3

WAy S2W3D3)
4. unagd

nnsdnwnginssunisitlwiivesfudildSunansenuain
AuANTAMINEAMYeIRY nd1afe MsAsuLUasUTINuATTY
Tuhusaramumuuiuuis Tglunisfnsniinuinsnamesaud@na
dosvdasanaulsnniufuaanmiumuliivesiu Fsa1nn1s
naaeufinaniinsidsulamwesanumunudunieiifiut ey il
fudnlildunidy Sanunsodredaldannidunianisivaves
nszudlnlitn 191 wagnsdnwillddinisadisaunswauuuuannos

a & a A ° a =
voshunsansydaioldlunisvinun EJWQG]ﬂiSJJﬂ’]iLUﬂEJULLﬂﬁQ ANN

Fumulairdsirunldlunisarurumanmdnunuladrfdeenns

fMvuale
LANE1591999

[1] Bai, W., Kong, L. and Guo, A. (2013). Effects of Physical
Properties on Electrical Conductivity of Compacted Lateritic
Soil. Journal of Rock Mechanics and Geotechnical
Engineering, 5(5), pp.406-411.

[2] Cardoso, R. and Dias, A.S. (2017). Study of the Electrical
Resistivity of Compacted Kaolin Based on Water Potential.
Engineering Geology, 226, pp.1-11.

[3] Zhang, T, Liy, S. and Cai, G. (2018). Correlations between
Electrical Resistivity and Basic Engineering Property
Parameters for Marine Clays in Jiangsu, China. Journal of
Applied Geophysics, 159, pp.640-648.

[4] Kumar, S.C.P. and Gowda, J.P. (2017). The Correlation
between Resistivity and Soil Properties as an Alternative to
Soil Invelsigation. Indian Journal of Science and
Technology, 10(6), pp.1-5.

[5] ASTM G57-06 (2012). Standard Test Method for Field
Measurement of Soil Resistivity Using the Wenner Four-
Electrode  Method. ASTM
Conshohocken, PA.

[6] Pradubsri, W., Chomtee, B. and Thongteeraparp, A. (2015).

International, West

A Study of Small Response Surface Designs for the Full
Second Order Model and a Set of Reduced Models in a
Spherical Model. Thai Science and Technology Journal,
23(3), pp.363-376.

[7] Sabseree, J. (2009). Doe Central Composite Design. for
Quality, 145, pp.72-74.

[8] Phutthananon, C., Jongpradist, P., Jongpradist, P., Dias, D.
and Baroth, J. (2020). Parametric Analysis and Optimization
of T-Shaped and Conventional Deep Cement Mixing
Column-Supported ~ Embankments.  Computers  and
Geotechnics, 122.

[9] Rhoades JD, Corwin DL, Lesch SM. (1999). Geospatial
measurements of soil electrical conductivity to assess soil
salinity and diffuse salt loading from irrigation. Geophysical

Monograph, 108, pp.197-215.

GTE29-6



