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Thesis Title Application of geophysical methods for geotechnical engineering.
Author Mr. Piyapong Sangkawang
Major Program Geophysics
Academic year 2019
Abstract

Application of geophysics for geotechnical engineering problems in Hat Yai
District, This research has applied electrical resistivity tomography (ERT) with ground
penetrating radar (GPR) for soft soil problem to study the geological structure and extent of soft
soil In the Southern Region Industrial Estate, Phase 2, Chalung Sub-district, Hat Yai District,
Songkhla Province, and applied ground penetrating radar (GPR) for road subsidence problem to
find the geological structure of subsurface and analyze the causes of road subsidence in the area
of Khlong Hae Security Checkpoint and Chonthara Road Khlong Toei Riverside (Kong Khong
Market), Hat Yai District, Songkhla Province

The results of electrical resistivity tomography can be divided into two groups,
the soft soil group having the resistivity of less than 40 ohm-meters and the non-soft soil having
the resistivity of more than 40 ohm-m and the result of the ground-penetrating radar can
differentiate signals between soft ground and non-soft soil. The results of ground penetrating
radar in the study of road subsidence at the Khlong Hae security checkpoint founded small
cavities (0.5-1.5 m) in many survey lines and the Chonthara Road Khlong Toei Riverside (Khong
Khong Market) founded a relatively large cavity (1-3 m). In both areas, the geological structure of
subsurface has been damaged by subsidence in a wide area and deep down to the waste water
collection line. The cause of the subsidence of roads is expected to be related to sewage pipes.
The applications of both electrical resistivity tomography and ground penetrating radar both are

suitable for solving geotechnical engineering problems.
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o Az Ao Spatial resolution
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2. Clutter limitation
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3. ANNANVBINITEITID (exploration depth)
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ABSTRACT GElectrical resistivity tomography (ERT) method was performed a survey in the construction site
of the southern industrial estate (Chalung) phase 2, HatYai district, Songkhla province, covering an area of about
315,500 m* to characterize the subsurface structure. The purpose of this stady was to determine a zone of soft
soil because it was found in some parts of the project area. Due to the high compressibility and low shear
strength of soft seil, constructions on it will be effccted by stability and settlement problems. ERT dipole-dipole
array was conducted by Lund Imaging System and ABEM Terrameter SAS 1000 with 5 m of smallest clectrode
spacing for the targel depth of about 30 m. There are totally 20 resistivity survey lines, which were inverted by
RES2ZDINYV software for subsurface true resistivity distribution scetions. The zone of soft soil was characterised
by the zone of resistivity value < 40 Ohm-m. This zone found cover relatively wide arca that can be seen from a
depth of about 12.5 m to 25.0 meters, covering an arca from lines BCHO03 - BCH10 in the middle of study area,
For areas with the resistivity is higher than 40 Ohm-m, they are expected that the subsurface is not the soft soil.
At shallow depths (5.0 m, 7.5 m and 10.0 m) some narrow zoncs of soft soil can be suggested. ERT has proven
as a high potential geophysical method for mapping the boundary of subsurface soft soil in geotechnical engineer
projects.

Keywords: soft soil; geophysics methods; GPR; Geotechnical Engineering; Resistivity.

1, INTRODUCTION

Soft soil is any soil which is susceptibie to failure or causes excessive settiement when superstructure
is constructed over it. The type of soil is classified as soft such as clay, loose sand and silt particular
clay that have low shear strengths and to lose shear strength further upon wetting or other physical
disturbances. It is thus the problems in geotechnical engineering, in which these kinds of soil making
very hazardous for shallow foundations. The exploration evalualion of clay is generally achieved
through conventional methods, including structural and stratigraphic studies, drilling investigation and
trenches. These methods are normally high cost and waste of time. In addition, shallow subsurface
geophysics provides quick and relatively inexpensive methods which can obtain continuous
information of the subsurface in the prospected arca. The use of geophysical techniques based on the
contrast of physical properties, such as electrical resistivity, dielectric permittivity, magnetic
permeability, velocity and density etc. When the model of subsurface geophysical properties
distribution has been achieved by measuring and processing data, then the interpretation of that model
will give the subsurface geological information. In an area of geotechnical engineering, the trend of
applying geophysical methods e.g. resistivity and Ground Penetrating Radar (GPR) in geotechnical
problems has been now increasing. The electrical resistivity tomography (ERT) method has been
successfully applied to identify and characterize conductive clay bodies (Chrétien et al. 2014, Longo et

133



HA2-2

al. 2014, Wattanasen et al. 2006). Generally the clectrical resistivity of clay is quiet low which it
ranges from 1 - 100 C.m and ranges from 1-12 Q.m for soft clay (Giaoa et al. 2004). The aim of this
study is to apply the ERT method for characterising the subsurface soft soil zone in the construction
site of the southern industrial estate (Chalung) phase 2, HatYai District, Songkhla province, southern
Thailand. This study result will provide a very impartance information of the soft soil zone beneath the
site that will then be used by geotechnical or civil engineer for planing to solve the soft soil problem.

Songkhla Lake

5

N &

il >
/ A l‘,_‘ Qme j\

Il}ﬂj;i -

GoogleEarh Siag "

Figure 1 (a) Location map of the study arca, and (b) and geological map of location of studied zone.

2. BACKGROUND OF THE STUDIED AREA

The study area located in the southern industrial estate (Chalung) phase 2, Chalung sub-district,
HatYai District, Songkhla province, southern Thailand. It has been known that it is planed to be a
rubber city by the government. This area is former mining area associated with the Dredge mining on
land for cassiterite and other minerals so there were many old mining pits that their depth are several
meters below the ground surface. The exploitation of these minnerals date back to the second half
twentieth century and continues to the end of the twenticth century. The geology of the study area has
been covered by Terrace deposits shown in Fig.1 (b). They consist of sand, silt, gravel, clay and
laterite. Becaues of sedimentary layer in this site, existence much of soft clay is one of the big issues
for project manager to design the foundation of under constructing buildings. The soft clay was
observed during the developed phase that it had been seen in some excavation areas (Fig. 2(a) and
2(c)). The event that confirmed the subsurface soil had very low strength was when the excavator
stuck in the soft clay. Therefore, the subsurface investigation for the depth, the thickness and extent of
the soft clay information of this site is needed for geotechnical engineering in order to design and plan
to solve the foundation problem in this site.
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Figure 2 (a) The soft soil lay on the bottom of the relatively stiff soil, (b) Show the surface area is
covered by the topsoil; gravel and sandy soil, (c) soft clay layer found at a depth of about 1.50 m from
the surface and (d) the map shows the 20 ERT survey lines (RCH-01 - BCH-20).

3. METHODOLOGY

Dipole-dipole arrays (Fig. 3) were used to determine a continuous 2-dimentional image of the
subsurface resistivity along the 20 measuring profiles (BCH-01 — BCH-20) with the purpose of
searching for relationship between resistivity and stratigraphy of unconsolidated scdiments. If the
stratigraphy can be imaged, sofl soil zone might be determined from discontinuities in the layers. The
dipole-dipole array has been widely used in resistivity and IP surveys because of the low
electromagnetic coupling between the current and potential circuit. It is the array most sensitive to
horizontal change in resistivity, thus vertical structures (changing in lateral resistivity) such as faults,
dyke, cavities etc. are suitable to be mapped by this array e.g. Bano et al. (2002). To acquiring data
with the dipole-dipole array, the Lund Imaging System (Dahlin, 1996) consisting of ABEM
Terrameter SAS 1000 (ABEM Instrument AB, Sundbyberg, Sweden) together with ES4640 Electrode
selector was used to specify the sequence of measurement. All the ERT profiles were oriented in
N62°E direction and parallel to each other with the profile interval 25 m except for the distance
between the BCH-01 and BH-02 was 75 m. The maximum length and the shortest length of the
profiles are 600 m and 300 m, respectively with the target depth of investigation about 30 m, The short
32 protocol file was used to conduct the measurement sequence with a distance between the dipole
pair (AB or MN), a= 5...15 m and n= 1... 6. This protocol gives totally 356 measuring points of
apparent resistivity and the vertical depths of plotting points are 04l6a, 0.697a,
0.962a,1.220a,1.476a,and 1.730a for n= 1...6 respectively (Edwards, 1977).

Figure 3 Dipole-dipole array for resistivity measurement. A and B are current electrodes, M and N are
the potential electrodes. The distance between the dipole pair (AB or MN) is a, whereas n is an integer
equal 1...6.

Measuring of electrical resistivity with dipole-dipole array by injecting direct electrical currents in to
the ground via the pair of current electrodes and measuring the voltage difference () between the
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pair of potential electrodes. The apparent resistivity data from the field investigation can be
calculated from Eq. |

Ede

Dipdip-sorg - 1 h;ﬂ

station | station 2 station3

Pont valuc of apparent resistivily

Figure 4 Short protocol for dipole-dipole array resistivity measurement. Starting measurement with 2
spreads of electrodes (2 and 3), the measured apparent resistivity was then plotted in green points
color. For an extension of resistivity data beneath the profiles (blue points color) the upward or
downward spread need to be performed.

Two-dimensional resistivity models were constructed using the inversion program RES2DINV version
3.41c (Loke, 1999). This program creates a model of resistivity in a pseudosection and adjusts this
model to fit the measured data by applying a non-linear least squares optimization technique (deGroot-
Hedlin and Constable, 1990; Loke and Baker, 1996). The resolution in the model is here decided by
setting the thickness of the first layer of blocks at 0.9 times of the electrode spacing (a). The thickness
of the subsequent deeper layer was sct to increase by 10%. In the optimization procedure, the program
basically tries to get the best fitting by adjusting the resistivity of the model blocks to minimize the
root-mean square (RMS) error. We tried to force the program to calculate models with RMS error
lower than 5%. The besl possible models were considered when the RMS error did not change
significantly, which usually occurred between the 5" and 9" iteration of calculation. However, models
with small values of RMS error sometimes might not represent the best models of the geological
features. Therefore, geological information in the arca had an important role for the choice of the best
model. For some models, the RMS error was never lower than 5% because of noises in the raw data.
Nevertheless, all models have RMS errors lower than 5% and these models files were then saved for
more sophisticated contouring by the program Surfer8 (Golden Software Inc., 1999)

4. RESULTS AND DISCUSSION

Inversion resistivity models along 20 profiles show fairly the same pattern of subsurface stratigraphy
(Fig. 5). The differences in the layer thickness of each layer between the profiles reflects the
subsurface structures variations within the arca. The area of low resistivities (< 40 Qm) can be
correlated to clay or soft soil, while the area with the resistivities higher than this value, the soft soil
area is not expected.

136



HA2-5

S

Figure 5 The models of the subsurface 2D resistivity distribution beneath the profiles BCH-01 —
BCH-20.

From the cross-sectional model of resistivity distribution, it was found that the soft soil layer (yellow —
red color) overlain by the thin high resistive top soil layer (green — blue color). This zone of soft soil
layer covers an area from profiles BCH-03 to BCH-10 with the thickness of more than 10 m at some
distances, except for the area between 450 and 620 m, 25 and 140 m, 220 and 280 m, and 120 and 240
m in the profiles BCH-03, BCH-04, BCH-08, and BCH-09, respectively where the high resistivity
layers wete found instead of soft soil layer. The area in the south, the resistivity subsurface soil mostly
indicates no soft soil zone, except at a distance of 310-380, and 200-360 m in the profiles BCH-12-15
and BCH-16, respectively. This narrow area from the North to the South is probably the route of the
dredging mine operation in the past. There are only three profiles, BCH-18, BCH-19 and BCH-20 that
showed high resistive subsurface soil, so the zone of the project area is not suffered from the soft soil
problem. The horizontal resistivity variation at 2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5, 20.0, and 25.0 m
depths is showed in Fig. 6. Each layer depths of resistivity image were obtained by contouring the
determined resistivity data at the same depth along each profile. Low resistivities expected soft soil
layer are found dominantly covering in the central area from BCH-03 to BCH-10 at the depths of
about 12.5 to 25.0 m. At shallow depth (< 12.5 m), some prominent areas of soft soils at are found at
depths of 5 m, 7.5 m, and 10 m. The continuation of low resistivities less than 40 Qm at the shallow
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depths looks like the road that it should be correlated to the route of the dredging machine during
mining operation in the past.

/

Soft soil

§

Figure 6 The distribution of resistivity at depths from 2.5 to 25.0 m.
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5. CONCLUSIONS

By using dipole-dipole electrical resislivity tomography it was possible to define the soft soil zone in
the study area. The area of low resistivity (< 40 Qm) is expected to be the soft soil area. A vatiation
thickness of sofl soil can be seen from images of 2D resistivity distribution and horizontal resistivity
distribution at different depths. From the resistivity distribution images, the boundary of soft soil was
found from depths of about 12.5 to 25.0 m covering in the central part of the area (profiles BCH-03 -
BCH-10) with a thickness more than 10 m. The soft soil is covered by a thin layer of high resistive top
soil. At shallow depth (< 12.5 m), some prominent areas of soft soils are found at depths of 5 m, 7.5
m, and 10 m. This continuation of low resistivity pattern looks like the road that it should be correlated
te the route of the dredging machine during mining operation in the past. In the southern part of the
area (BCH-18, BCH-19 and BCH-20) where the subsurface soil showed high resistivity, it is
suggested that the zone of the project area is not suffered from the sott soil problem. The successful of
this study has been confirmed by later excavation for soft soil improvement. This geophysical study
has proven to be a helpful tools for mapping soft soil zone in the construction area. The results provide
significantly data for geotechnical engineering for planning and designing of builders foundation.

REFERENCES

Chrétien, M., Lataste, J.F., Fabre, R., Denis, A, 2014, Flectrical resistivity tomography to undcrstand clay
behavior during seasonal water content variations. Engineering Geology. Vol 169; 112-123

deGroot-Hedlin C, Constable SC (1990) Occam’s inversion to generate smooth, two-dimensional models from
magnetotelluric data. Geophysics 55:1613-1624

Edwards LS (1977) A moditied pseudosection for resistivity and IP. Geophysics 42(5):1020-1036

Giao, P.H., Chung, 8.G., Kim, D.Y., Tanaka, H. 2003. Electric imaging and laboratory resistivity testing
forgeotechnical investigation of Pusan clay deposits. Journal of Applied Geophysics. Vol. 52: 157~ 175.

Golden Software Inc. (1999) Surfer User’s guide

Loke, M.H., 2001, RES2DINV ver.3.4 Rapid 2-D Resistivity & TP inversion using the least-squares method.
ABEM Instrument AB, User manual.

Loke MH (1999) RES2DINV Ver.3.4: Rapid 2D Resistivity and IP inversion using the least-squares method.
User manual, ABEM Instrument AB

Longo, V., Testone, V., Oggianoa, G., Testa, A. 2014. Prospecting for clay minerals within volcanic
successions: Application of electrical resistivity tomography to characterise bentonite deposits in northern
Sardinia (Italy). Joumal of Applied Geophysics. Vol. 111: 21-32.

Dahlin, T., 1996. 2D resistivity surveying for environmental and engineering applications, First Break, 14, 275-
283

Wattanasen, K., Elming, S.A., Lohawijarn, W., and Bhongsuwan, T. 2006. An integrated geophysical study of
arsenic conlaminated area in the peninsular Thailand, Environ Geol 51: 595-608.

139



wAa Y A
Uz Iagvey
A = S v o &
¥o ana metloznad dandan
stalsznmiinanmn 5810220046
a =
2AMSANE
=) 4‘ W
29 Yoaaiiu
Ienmanituig Hand) PN IVaIUATUNS
=1
NUMsANH
Y Aa v A o Aara od =
NUgHIeITovegueItessaland Umsanmn 2558
Y

NUAIIBFOUVDINMLINNANTAT UN1TANET 2559

e

nugArUINIHwUSINe U RaIneas Unsanu 2559

MIANHIHEUNIHATY

140

= 4‘ [ ] =X
Unausamsanmn

2557

Sangkawang, P., Raksawong, S., Chub-uppakarn, T., Wattanasen, K. Application of Resistivity

Method for Characterizing Soft Soil in Construction Site, Rubber City, Southern Thailand,

Proceeding of the International conference on Applied Geophysics (November 8-10,

2018): Songkhla, Thailand.



