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Abstract: In Bangkok, the demand for housing is extensively high due to the city growing rapidly,
so some swampy areas are filled with soil. A Prefabricated Vertical Drain (PVD) with the Vacuum
Consolidation Method (VCM) is required to make the soil applicable for construction. However,
it is difficult to monitor the soil strength during the process because the airtight sheet will be broken.
This research aims to study the possibility of using the Spectral Analysis of Surface Waves (SASW)
test to monitor the effectiveness of the VCM method and to study the development of shear-wave
velocity over the consolidation period. Multiple instruments were installed on site, namely, vacuum
gauges, settlement plates, and a piezometer, as well as a borehole to monitor the pump pressure,
settlement, porewater pressure, and soil properties. Ten SASW tests were taken to measure the
change in shear-wave velocity (Vs) over 7 months. The results showed an increment in the Vs along
with increments in the settlement and undrained shear strength (Su), as well as a decrement in
pore pressure during the consolidation period. The correlation between Vs and soil settlement was
developed to predict the amount of settlement using Vs. These all indicated the potential of using the
SASW method for soil improvement monitoring purposes.

Keywords: Prefabricated Vertical Drain (PVD); Vacuum Consolidation Method (VCM); Spectral
Analysis of Surface Waves (SASW); shear-wave velocity (Vs); settlement; monitoring

1. Introduction

In Bangkok, the demand for housing is extremely high due to the city growing rapidly. This raises
the question as to where the new housing should be, since most of the area has already been occupied.
Some swampy areas were filled with soil to meet this demand. Soil improvement is vital because
the backfilled material with its soft soil properties is initially not feasible for construction due to the
settlement issue. The function of soil improvement is to increase the soil strength and performance in
order to be able to withstand the load applied to the soil due to the construction. One of the examples
of the soil improvement method is using a Prefabricated Vertical Drain (PVD) for a faster consolidation
rate [1]. Furthermore, a PVD can be applied together with the Vacuum Consolidation Method (VCM)
to replace the surcharge load. Many countries have been successfully using this method for land
reclamation and soil improvement work [2–7]

An airtight sheet is used above the installed PVD area, as an impermeable layer covering the
soil surface, allowing both the air and water to be sucked from the ground by the pump [8,9].
This airtight-sheet method has successfully been used for vacuum consolidation projects at soil
improvement sites [10,11]. The destructive soil test to monitor the soil parameters during the
improvement cannot be performed without damaging the sheet itself due to the presence of this airtight
sheet. Nevertheless, an in situ, non-destructive test is still an option, and one of the tests is the Spectral
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Analysis of Surface Waves (SASW) method. This will be the first SASW test to monitor the backfilled
soil at the PVD with the VCM at a site in Thailand.

The SASW method is a seismic method utilizing surface waves of the Rayleigh type and has
been developed to determine the shear-wave velocity (Vs) and shear modulus profiles of geotechnical
sites [12]. The test uses impact sources to produce the surface wave and receivers to retrieve the
data. A periodical SASW test is proposed as a method to monitor the development of the soil
stiffness overtime. This SASW test will be compared with various field-instrument results to check
the compatibility between the SASW test data and other instruments. The objectives of this research
are firstly to study the possibility of using the SASW method to monitor the effectiveness of the VCM
method; then, to study the development of the shear-wave velocity over the consolidation period; and,
lastly, to create a correlation between the Vs and settlement for a VCM settlement prediction based on
the Vs.

2. Methodology

2.1. Study Area

The VCM site is located in the north-eastern part of Bangkok, Thailand. It is located on an old
pond that has been filled with soil material. Figure 1 shows that the site is divided into 3 zones: Zone A,
Zone B, and Zone C. Figure 2 shows the boundary between Zone A and Zone B. In this research, only
Zone B that will be monitored with the SASW test. The area of Zone B is approximately 6700 m2 and
the original soil at the site was soft Bangkok clay. In the past, approximately a 15-m-thick slice of the
original soil was removed, turning the area into a pond. Recently, the pond was backfilled with the soil
for construction purposes. On top of the backfilled soil, layers of materials were placed in a particular
order, namely, a layer of geotextile, a layer of a 0.5-m-thick sand blanket, another layer of geotextile,
and then an airtight-sheet (geomembrane) layer at the very top to cover the surface.

Figure 1. The overall zone of the Vacuum Consolidation Method (VCM) site and a view of the plan for
the instruments’ location in Zone B.



Figure 2. A photo of Zone A and Zone B, three months after the pumping started (camera facing south).

2.2. Boreholes and Soil Properties

The two boreholes are located approximately 2.5 m apart with different times, from before the soil
improvement (26 February 2019) and after the soil improvement (15 March 2020). Boring log data of
30.45 m in Zone B provided information of the soil properties, such as soil strength, Atterberg’s limits,
the water content, and the unit weight of soil from a soil sample of 0.5 m long, which was collected at
every 1.5 m depth. A thin wall tube and spilt spoon sampler were used for soft clay layer and dense
sand layer, respectively. It is worth noting that the backfilled soil was collected from various locations.
In this study, however, the soil was assumed to be a homogeneous soil.

Before the pump started, the boring log data had shown that there were 2 layers of the soil profile
in Zone B. The first layer ranges from very soft to soft High Plasticity Clay (CH), according to Unified
Soil Classification System [13], with a depth of between 0 and 21 m. The second layer was dense to
very dense Silty Sand (SM), with a depth of between 21 and 30.45 m (end of borehole). The following
soil properties use an average value. For the clay layer, the undrained shear strength (Su) from the
Unconfined Compression Test was 9.68 kN/m2, the unit weight 1.6 t/m3, the water content 56.96%,
the Liquid Limit 77.33, and the Plastic Limit 27.44. For the sand layer, the (N1)60 value was 25 and
water content 19.85%.

After the pump stopped, there were some soil property changes that were observed from the
boring log data. From a 1.5 to 4.5 m depth, the strength was increased by 3.5 t/m2, the water content
was decreased by 30%, and the unit weight was increased by 0.36 t/m3. From a 4.5 to 21 m depth,
the strength was increased by 1.7 t/m2, the water content was decreased by 8.5%, and the unit weight
was increased by 0.12 t/m3. From a 21 to 30.45 m depth, there were insignificant changes in the SPT-N
value and water content. The summary of the boring log data before and after the soil improvement
are shown in Figures 3 and 4.



Figure 3. Summary of Zone B’s boring log data before the soil improvement on 26 February 2019.



Figure 4. Summary of Zone B’s boring log data after the soil improvement on 15 March 2020.

Soil properties from the consolidation test results were available from the borehole samples at 3
different depths. From a depth 6 to 6.5 m, the water content was 69.8%, the total unit weight 1.61 t/m3,
the preconsolidation pressure 5.6 t/m2, the Cc 1.193, the Cs 0.132, the OCR 1.19, and the Cv 5.09 cm2/sec.
From a depth of 12 to 12.5 m, the soil was a normally consolidated clay with a water content of 68.7%,
a total unit weight of 1.56 t/m3, a Cc of 0.707, a Cs of 0.083, and a Cv of 2.22 cm2/sec. From a depth



of 18 to 18.5 m, the soil was a normally consolidated clay with a water content of 58.1%, a total unit
weight of 1.61 t/m3, a Cc of 0.546, a Cs of 0.074, and a Cv of 0.18 cm2/sec.

2.3. VCM, PVD, and Instrumentations

In the early 1950s, Vacuum consolidation was suggested by Kjellman [14]. The PVD and sand drains
were used to discharge the pore water and to distribute the vacuum load [15]. The vertical drainage
systems significantly reduce the drainage path, consequently accelerating the soil consolidation [16–20].
In this study, the airtight-sheet method was used for the seal system for the vacuum consolidation.
A vacuum pump was used with an average pressure of around −80 kPa—continuously during the
consolidation settlement process. A PVD was installed in Zone B with an average depth of 14 m with a
triangular pattern of a 1.0 m × 1.0 m spacing. The vertical drain penetrated the backfilled soil and
the original soil below that. Zone B was instrumented with multiple instruments for monitoring the
progress of the soil improvement.

Five vacuum gauges were placed to monitor the sub-surface pressure with a monitoring frequency
of once per day. Four settlement plates were placed on the sand blanket below the airtight-sheet layer
to observe the soil settlement. There were 3 monitoring plans for the settlement plates. Firstly, for the
first month it was one time per day. Secondly, after the first month to the last half month, it was two
times per week. Thirdly, for the last half month it was one time per day. A piezometer with a vibrating
wire sensor was placed at a depth of 8.5 m at the center of Zone B to observe the change in porewater
pressure over time. Figure 1 also shows the locations of the instruments.

2.4. The SASW Test

Surface waves were used by [21,22], one of the first researchers who tried to examine pavement
systems. The engineers were able to build more advanced tools and equipment due to the advancement
of technology. Because of these new tools, researchers were able to perform better and more accurate
calculations in very little time. Provided with the new, advanced equipment, [23] was able to change
from the empirical to the theoretical level regarding the surface wave method.

SASW is an in situ, low strain, non-destructive test. which has successfully been implemented
by researchers of the University of Texas at Austin, as well as other researchers, to investigate the Vs
and shear modulus of many pavements and highway materials [24–26] and to predict the long-term
settlement based on the Vs and damping characteristics [27]. In Thailand, many SASW tests were
implemented at several dams for material stiffness examination [28–31], measuring the Vs of a dyke
and liquefaction site [32–34], as well as investigating the small strain modulus of the silty sand
subgrades [35].

In this research study, a series of SASW tests were conducted 10 times in a 7-month period—before
the pumping of the VCM started until the pump was shut down; this was the time necessary for the
soil settlement to reach the desired target. The frequency of the SASW testing was twice a month for
the first two months and once a month after that. The test repetition was set in such conditions as the
soil settlement was expected more at the beginning of the consolidation settlement.

The SASW test used receiver spacings of 0.5, 1, 2, 4, 6, 12, and 20 m. This study used 2 different
configurations of the SASW test, namely, the common source array test configuration and common
receiver mid-point configuration, which are shown on Figure 5. For receiver spacings of 12 and
20 m, the tests were conducted with the former test configuration, while the rest of the spacings were
conducted with the latter test configuration. There are three impact sources used in this study, as shown
in Figure 6. A 300 kg drop weight was used for far receiver spacings, to generate a low frequency
wave to investigate the deep profile, but can only be dropped on the soil outside of Zone B to prevent
this from damaging the airtight sheet in Zone B. A 25 kg small drop weight and a sledgehammer
were used for the intermediate and short spacings and can be used on top of the airtight sheet to
preserve the membrane itself. Since the original backfilled soil was very soft, the sledgehammer could
not generate sufficiently high energy for the receiver spacings larger than 4 m without breaking the



air-tight sheet; hence, the 25 kg small drop weight, which can generate higher energy, was used for the
intermediate spacings instead. Two 2-Hz geophones were used as the receivers. The procedure for
the SASW test consisted of the following: firstly, to acquire the data from the field that were collected
by the spectrum analyzer, and then to analyze the dispersion curves and shear-wave velocity profile
using the WinSASW program developed by Joh in 1996 [36].

Figure 5. Two different test configurations conducted in this research: (a) the common receiver
mid-point; (b) the common source.

Figure 6. The impact sources of the Spectral Analysis of Surface Waves (SASW) test: (a) a 300 kg drop
weight for far spacing; (b) a 25 kg drop weight for intermediate spacing; (c) a sledge hammer for
short spacing.

The SASW test centerline was located as nearly as possible to a borehole location in Zone B in
order to be able to compare both test data sets. The 300 kg heavy drop weight cannot be dropped on
the surface of Zone B as mentioned above and, therefore, the heavy drop weight can only be dropped
outside of Zone B and from the edge of the zone as nearly as possible, so the centerline of the SASW
test is approximately 30 m away from the borehole location. It is worth noting that the centerline of
the 12 m spacing was different from the rest of the spacing for a similar reason as above. The SASW
centerline sometimes shifted in the vicinity of 5 m due to some submerged water area being trapped
on top of the membrane after rain. The duration of the SASW test varied between 30 min to 1 h;
the increasing amount of time was because of the noise presented at the site. A lot of construction
machinery was operating and creating noises and was captured by the geophones, rendering the data
unusable. The test must be repeated or even stopped until the source of the noises was cleared.

An average shear-wave velocity of 15 m deep of the improved soil (Vs15) was used as the
monitoring parameter because the Vs can be different at each depth and the approximate PVD length



was 14.7 m. The Vs15 can be calculated by the following formula adapted from the Vs30, which was
used in the National Earthquake Hazards Reduction Program (NERHP) for site classification [37]:

Vs15 =
15

ΣN
x=1

(
hx
vx

) (1)

where hx and vx represent the thickness (in meters) and shear-wave velocity (in m/s) of the xth layer,
in a total of N, existing in the top 15 m.

3. Results and Discussion

3.1. SASW Result

Figure 7 shows the Vs profiles for Zone B over the consolidated time. The first test was on the
30th of July 2019, before the pump started, and the last test was on the 2nd of March 2020, after the
pump stopped. The increment in Vs was noticeable over time. The top layer was the sand blanket
with a thickness of approximately 0.5 m, showing a high value of Vs. The middle layer was the very
soft soil with an approximate thickness of 10 m, showing a low value of Vs. The bottom layer was the
soil with a higher Vs from the layers before. Since the first test to the last, the Vs has changed around
40 m/s at the top layer and middle layer, and around 70 m/s at the bottom layer. The top layer has the
highest value of Vs because it is a sand blanket that was affected the most by the vacuum pressure
from the pump. On the other hand, the bottom layer has a high value of Vs, potentially because of
a high overburden pressure from the upper layer. Note that the Vs profile was measured from the
ground surface and the actual ground level at each time is different from the initial ground level due to
the settlement over time.

Figure 7. The Vs profile of the Zone B at different times, from before the start of the pumping until
after the pumping stopped.

3.2. Comparison of Settlement and Vs

The result from the settlement plates was recorded to determine the change in the soil settlement.
The settlement plate of SP-B-01 was used since the location was the closest to the SASW test line.
The initial SASW test was performed around 3 weeks before the installation of the PVD in the field.
Figure 8 shows the changing of the settlement and Vs15 over time. The Vs15 increased with the
increasing settlement of soil as the soil became denser during the consolidation process. While the
settlement is faster at the beginning and then starting to slow down through the end, the total settlement



was 1.12 m. In contrast, the development of the Vs shows a steady increment over time, with the
maximum deviation from the “linear” trend line being 6.14 m/s.

Figure 8. Comparison between the settlement and Vs15 over time.

Figure 9 shows the correlation between settlement and theVs15. The correlation between settlement
and the Vs15 is well-suited with a straight trendline, where the Vs15 increases gradually with the
increasing settlement over time. The settlement roughly increased 0.25 m for every 10 m/s increment in
Vs15. An equation was made from this correlation to predict the amount of settlement by the value of
the Vs15. The equation can be written as

s = 0.00248 x Vs15 − 1.0484 (2)

where s stands for settlement (in meter).

Figure 9. Relationship between settlement and Vs15.

The field measurement result was then compared with the theoretical model of settlement
prediction from [38] and with a back-analysis model of the Vs15 from the SASW test, as shown in
Figure 10. The model of [38] was commonly used for settlement prediction, with the time based on the



measured settlement data. The prediction was based on an observational procedure and derived from
a 1-dimensional consolidation equation. Vertical strain can be calculated as follows:

ε ε(t, z) = T+
1
2!

(
z2

Cv

.
T
)
+

1
4!

(
z4

Cv

..
T
)
+ · · ·+ zF+

1
3!

(
z3

Cv

.
F
)
+

1
5!

(
z4

Cv

..
F
)
+ · · · (3)

where ε(t,z) is the vertical strain of depth z at time t, T and F are unknown functions of time, and Cv is
the coefficient of consolidation.

Figure 10. Settlement curve.

The equations of settlement for double drainage can be written as in the following formula:

ρ+
1
3!

(
H2

Cv

.
ρ

)
+

1
5!

(
H4

Cv

..
ρ

)
+ · · · = H

2
( ε+ ε ) (4)

where ρ is settlement, H is soil thickness, and ε is the vertical strain at its initial time.
Each individual time can be expressed as

tj = Δt· j( j = 0, 1, 2, . . .) (5)

where Δt is the time interval.
From Equations (4) and (5), the settlement equation at time j can be calculated as follows:

ρ j = β0 + β1ρ j−1 (6)

where ρj and ρj−1 are the value of settlement at the specific time of j and j − 1; β0 and β1 are
unknown parameters.

The final settlement can be calculated using the following formula:

ρ j = ρ j−1 = ρ f (7)

where ρf is the final settlement.



The final settlement can be predicted by finding the intersection from the line ρj and ρj−1, which
has a 45◦ angle from the ρj and ρj−1 graph. Based on this, Equation (6) can be simplified by substituting
ρj and ρj−1 with ρf and can be written as

ρ f =
β0

1− β0
(8)

And finally, the settlement ρ(t) at specific time t can be predicted by the following formula:

ρ f =
β0

1− β0
−
(
β0

1− β0
− ρ0

)
βt1 (9)

where ρ0 is the value of the settlement at its initial time.
The result from the back-analysis of the Vs15 prediction is very close to the field measurement

settlement, with the range of deviation being between 0.004 and 0.070 m, as well as to the result taken
from the predicted settlement from [38], with the range of deviation being between 0.002 to 0.202 m.

3.3. Comparison of Pore Pressure and Vs

The result of pore pressure was obtained from the piezometer installed at a depth of 8.5 m (in
the middle of the improved soil layer) at the center of the study zone. Figure 11 shows the change in
pore pressure over time versus Vs at the 8.5 m depth over time. The pore pressure decreased because
the water dissipates out of the soil through the PVD, making the soil stiffer, which, in turn, increases
the Vs. Both pore pressure and Vs are nicely suited as both parameters increase linearly over time.
Unlike the SASW test, the pore pressure data from the piezometer was monitored roughly 1 time per
day while the SASW tests were performed only 10 times during the settlement period, about 7 months
since the pump had been started until it was stopped.

Figure 11. Pore pressure and Vs. Vs over time at a depth of 8.5 m.

Additionally, the effective vertical stress was calculated from the change in pore pressure over time.
Figure 12 shows the correlation between effective vertical stress and Vs at a 8.5 m depth. The Vs had
linearly increased along with the increase in the effective vertical stress as the pore pressure dissipated
out and made the soil stiffer.



Figure 12. The relationship between effective vertical stress and Vs15 at a depth of 8.5 m.

3.4. Comparison of Su and Vs

The Su data were acquired from an unconfined compression test of undisturbed soil samples
collected from bore holes from two different times, before the soil improvement (26 February 2019) and
after the soil improvement (15 March 2020). It is worth noting that the Vs values that were used for the
comparison were the ones measured from the closest times to the Su measurements. Figure 13 shows
the comparison between Su and Vs at those times. After the pump had stopped, Su from the first 5 m
range increased significantly to an approximate of 30 kN/m2, considering the stress distribution of the
atmospheric pressure is higher at the top layer than the layer below. At the middle part of the soil,
from 5 to 9 m depth, the Su values increase only to an approximate of 7 kN/m2. At the bottom part of
the soil, from 9 to 15 m depth, the Su values increase approximately 15 kN/m2. The Su of the bottom
part of the soil layer increases potentially more than the middle part due to the higher overburden
pressure and dissipation of water to the sand layer below.

Figure 13. Su and Vs from before the soil improvement and after the soil improvement.

The SASW data shows an increment at the top of the layer, the sand blanket, of approximately
40 m/s. In the middle part of the soil, from 1 to 11 m depth, the Vs increase around 40 m/s in comparison



with the initial Vs number. At the bottom part of the soil, from 11 to 15 m depth, the Vs increase around
70 m/s. It is noticeable that the increment in Vs at the bottom part of the soil layer is higher than the
middle part, which is similar to the increment in Su due to similar reasons.

4. Conclusions and Recommendations

The change in Vs and soil properties were studied over time during the VCM process. The SASW
testing was able to investigate the soil down to 15 m deep. The results showed the change in Vs along
with the alteration of the conventional soil monitoring parameters, including the settlement, Su, and
pore pressure during the consolidation period. The Vs15 had increased linearly from 45 m/s to 98 m/s
from the beginning until the end of the consolidation process, while the total settlement was 1.12 m,
Su increased about 7 to 15 kN/m2, and the pore pressure decreased about 40 kPa. The settlement
prediction curve using Vs was created and good compatibility was shown with the settlement curve
from field measurements and the settlement prediction curve from [35]. These results indicated the
likelihood of using the SASW method for soil improvement monitoring purposes.

There were several difficulties of testing SASW at the PVD sites. Firstly, the location of the SASW
center line and borehole data location is different as the 300 kg drop weight could not be used on top
of the airtight-sheet region. Secondly, sometimes the test line was shifted within the range of 5 m
knowing that the water is being trapped at the testing spot after rain. Thirdly, the presence of noises
in the field from a moving truck to a working backhoe, which creates poor quality data, meant that
the operations on site had to be interrupted during the SASW test in order to improve the quality of
the data. It is important to note that the correlation was made from backfilled soil material that was
characterized by high plasticity clay and an assumption of homogenous soil. The study of other soil
types is encouraged.
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Abstract

There were many abandoned ponds previous time which 

were filled by water in Bangkok , Thailand. Nowadays, the 

abandoned pond are dumped fully by backfilled lump soil 

without pumping the water out. The soil used for backfill in most

of the cases have high water content and low shear strength 

whw ich was callleded Bangkok soft clayay. Thhe e bab ckfilleded ssoft clayay aaree 

lump soft clay about bucket backhoe shape. The backfilled lump 

soils are generally dumped quickly and hence the water can’t 

leak out of pond and stuck between inter lump void. The shear 

strength in the backfilled lump soils are generally low uniformly

along the depth because of newly deposition. The analysis has 

been carried out in two parts to estimate the increase in strength 

of backfilled soil. Firstly, the increase in strength of backfilled soil

after improving by vacuum consolidation method was estimated 

by in-situ test (Cone Penetration Test), laboratory test

(Unconfined Compression Test) and theoretical analysis (Mesri

and Khan, 2011). Secondly, various factors (i.e. environmental, 

surcharge load, service load, soil properties and ground water

level drawdown in Bangkok) responsible for increase in strength

of ground surface have been estimated.

Keywords: Vacuum Consolidation Method, Backfilled lump soil,

ground water level drawdown
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Abstract
Helical pile foundations, made from a steel tube with helical

plates, can install quickly and easily dismantled, therefore it is
widely used in engineering application to support such 
structures as warehouses, power transmission towers and 
residential buildings. The capacity of the pile depends on skin 
friction between pipe and soil another is end bearing depends 
on diameter and the number of helix, therefore it is important 
to study the mechanism of axial load transfer and behavior of 
the pile when received compression load. This article presents
the results analysis of static pile load test and behavior data 
from strain gauges. The piles tested were 8.625 inches in 
diameter, 20 inches long and welded the pipe with helix 
diameter 3x26 inch. The results obtained from the test will be 
usu ed to ananalyzee inin order to find tthehe size e ofo  the piille pap raamemeteersrs
ththatat aree sssssuiuiuiuu tattablble e for Bangngkokok k sosoill llayayyererss..

Keywords: Static pile load test, Helical pile, Screw pile, Axial load, 
Strain gauge, Bangkok soil layers

Keywords 3 5 keywords must be given abstract, format,
methods
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(Dense Sand) 
Standard penetration test

(SPT)

Axial load testing of helical pile in Bangkok soil layers.  
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3.

Static Pile Load test)

Modified ASTM D D 1143M-07
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>>> 150% = 150 Ton >>>100% = 100 Ton >>> 50% = 50 Ton 
>>> 0 % = 0 Ton

1

Dial gauges

4. (Helical pile)
Helical pile

helical pile 
Helical Pile (noun) “A manufactured steel foundation consisting
of one or more helix-shaped bearing plates af xed to a central
shaft that is rotated into the ground to support structures.”
The phrase “helical pile” is generally used for compression 
applications, whereas the phrase “helical anchor” is reserved for 
tension applications. (Perko 
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ABSTRACT 

In the present time, the numbers of the construction project 

are tremendously rising. Land cost is much more expensive 

compared to the past. These made the property developers 

start buying the abandoned pond or old waste landfill to 

start the construction projects which needs to use the soil 

from various sources to use filling the area. However, using 

the backfilled lump soil leads to the unusual excessive 

settlement pattern either during the construction and after 

the construction finished. The settlement pattern of the 

backfilled lump soil is significantly divergent from the 

natural soils, which is the first period after the backfilling 

is finished, the settlement rate is much higher. In the field, 

we cannot study and understand the reasons. So, this is the 

motivation of this senior project, to study them using the 

geotechnical centrifuge machine. This project is composed 

of two phases. The first is the site investigation to gather 

the results of undrained shear strength from borehole and 

settlement rate. The second is Centrifugal Laboratory, 

making model of clay lumps and dumped into the 

waterproof-cylindrical acrylic to model the clay backfilled 

layer, then divided to two cases of study. The first one is 

without putting surcharge load, and another one is the 

Backfillled Lump Soil Settlement Behavior by Centrifuge 
Modelling Method
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surcharge load. Then put it on the geotechnical centrifuge 

machine to accelerate the level of the gravity for 

minutes at g-level, which will give the results of the 

one-month long consolidation of the prototype. Then 

comparing the outcome from the field studies and lab 

analysis which give positive results. The undrained shear 

strength from either the lab or the field given the same 

trend, that near the bottom of the layer, the strength of the 

soil is clearly increased. In addition, the settlement rate 

results from the centrifugal laboratory of without surcharge 

load and with surcharge load are and 

respectively. 
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SP-B04 1.045 16.4 6.37 
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Comparison of duration and related factors for the construction of 
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Abstract 

The demand of water has been increasing rapidly caused by 

the population and extension of economic activity while the 

new water resource project is developed hardly. Under this 

situation, it seems to force the government agency who take in 

charge to review inevitably the heigghtenening for the existing 

reservoio rs. The heh igghttenennnninngg ofof rrese ervoirr witithh adadddidititiono al wwatatere

prpresessusuuurereerere mmmayay rresesulult t t inin tthehee rrisisk k ofof lleaeakakakakakaagegegegege aat t t dadadammmm fofofofofounuuundadatitionono ..

The dam foundation comprised with the cohesionless soil (PI < 

7) is sensitive to be failed by backward erosion. Even the 

reservoir has operated for a certain period though the safety of 

the dam against backward erosion should be investigated. In 

design stage, the underseepage might be evaluated by the 

empirical equation of either or by the critical exit gradient 

proposed. After that gave the adjusting factor for critical exit

gradient based on their upward flow tests. Including the physical 

models showed the resistance of the soil related to the

coefficient of uniformity of the soil. These methods are applied

for a study cases of Mun Bon dam that had a history of leakage

to investigate the backward erosion within the dam foundation. 

The results shows that the methods of the empirical equation

and the critical exit gradient are workable for the well graded

and internally stable soil foundation. In the other hands, the 

method of the physical models conforms with the appearance

in the field.

Keywords: Backward Erosion, Cohesionless Soil, Hydraulic

Gradient, Exit Gradient, Coefficient of Uniformity 

1.
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The Methods for Investigating the Backward Erosion in 
Cohesionless Soil Foundation
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ICOLD 1

1) 

Seepage through Embankment) 2)

Seepage through Dam Foundation) 3) 

Seepage through Embankment into Dam 

Foundation)

Initiation

2. Continuation

Filtering)

3. Progression 

4. Breach Formation and Failure 

: ICOLD (2017)

: ICOLD (2017)

: ICOLD D (2(2017)

PI <

2

Initiation)

Exit Point)

Boiling)

Continuation

Exit Point

Progression 

Breach and Failure

: Fell et al. (2015)

Sand Boil

2.

2.1 Creep Ratio Bligh (1910)

Bligh

Empirical Equations)

Creep Ratio 2

   (1)

CrCreeeep p RaRaRatitioo,,,

((CrC iticall 



Seepage Length) 

Head Difference)

Creep Ratio Minimum Creep Ratio

Bligh

Medium Sand, Fine Gravel, Medium Gravel Coarse Gravel, 

including Cobbles

Minimum Creep Ratio

Piping Material Minimum Creep Ratio

Very Fine Sand or Silt 18

Fine Sand 15

Coarse Sand 12

Gravel and Sand 9

2007 Ammerlann Bligh

Mississippi

Coarse sand and Gravel)

(Fine Sand) 5 (L/H) Bligh 

Hmax L/H 18 

18 - 43 Sand Boil L/H 43 Sand Boil

Creep Ratio 43 

: Ammerlann (2007)

Sand Boil Mississippi

Creep Ratio

Average Hydraulic Gradient)

2 Minimum Creep Ratio 

Critical Hydraulic Gradient)

   (2)

 

   

  

2.2 Critical Gradient Terzaghi & Peck (1948)8

Terzaghi & Peck 

Exit Point)

3

Boiling [4]

 (3)

Critical Gradient)

(Buoyant Weight of the Saturated 

Soil) Unit Weight of Water)

Design Standard No USBR 5

Allowable Factor of Safety) 

Boiling 4 2

  (4)

(Vertical Hydraulic 

Gradient) Exit Point)

2 Boiling

Allowable F.S.

New Dam) 4.0

Remedial Repair) 4.0

Existing Dam) 3.0

2.0 2.5

2.3 Critical Gradient

Upward Flow)

2007 Perzlmaier et al

Terzaghi & Peck 

5 6

((5)5)



Porosity),

Unit Weight of the Particle)

2.4 Schmertmann (((

2000 Schmertmann 

Physical Model) 

Maximum point gradient, )

Uniformity Coefficient, 

6 6 7

(6)

6 

Prototype)

7)

(7)

= Maximum point seepage gradient needed foe 

complete in The flume test based on the soil coefficient of 

uniformity 

= Correction factor for (D/L) 

= Correction factor for total pipe length L

= Correction factor for grain size

= Correction factor, for permeability anisotropy. This is 

for the anisotropy of the soil layer subject to backward erosion,

not the embankment core as a whole

= Correction factor for high-permeability under layer

= Correction factor for density

= Adjustment for pipe inclination 

= Correction factor for dam axis curvature 

= Depth of piping sand layer, in direction 

perpendicular to (m) 

= Direct (not meandered) length between ends of a 

completed pipe path, from downstream to upstream exit, 

measured along the pipe path (m) 

: Schmertmann (2000)

6

( )

Hydraulic Gradient ( ) 8

Schmertmann 

Minimum for Factor of Safety) 

Reliability) 8

Reliability 90% 

Filter) 95% 99%

  (8)

Critical Gradient

Hydraulic Gradient 



3

RELIABILITY = 

90% 95% 99%

Minimum for maximum single 

value of 

2.6 3.2 4.8

Minimum for average value of 

over L =

1.4 1.7 2.4

: Finite Element

(Limit Equilibrium)

3.

Homogeneous Dam)

32.7 880

Silty Clay)

Fine-Medium Sand)

7

Chimney Drain Blanket Drain 

Relief Well

9

2532 2532

4 2532 20 

22 2533 131 

11 0 856)0+856) 

0.15

8

Rockfill Toe

2 0+475

0.12 

8 1

Cutoff Wall) 0+838 

1 

+220.42 22 2533

10 11 Expected

Value 

4

Typical Value 

Embankment SC, CL 1.00×10-8 3

Soil Foundation I CL 4.80×10-7 9

Soil Foundation II SP 2.70×10-4 1

Fine Filter - 3.82×10-3 1

Coarse Filter - 4.80×10-1 1

Fresh Rock - 1.00×10-4 1

Cutoff Wall - 1.00×10-7 1

Vector) 

9 10

ChChimmney y Draia n 



0.140 0.133

2533

Chimney Drain 0.029 

0.066

5

Bligh Creep Ratio

Minimum Creep Ratio Coarse Sand

Terzaghi & Peck 

( )

9 026

Factor of Safety, F.S.) 23.02

Perzlmaier 

16.1

F.S. Perzlmaier Terzaghi & Peck 

2 3

Schmermann 

Uniformity Coefficient, )

11 CL,

CL-ML, ML, SM SP

SP) 6

Schmertmann 

111

Schmermann 75

207

)

0 133

F.S. 1 5 F.S.

F.S. 2.6
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Bligh Creep Ratio 

6 23

)

Creep Ratio 

Minimum Creep Ratio Coarse Sand 

Terzaghi & Peck 

( ) 

12 19

Factor of Safety, F.S.) 31.6

Perzlmaier 
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3

Schmermann 75
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)

3 066
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7 0+838
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0
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5

(

Bligh

(1910)
+220.42 0.083 0.068 1.2 1.2
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Peck (1948)
+220.42 0.594 0.026 23.0 3.0

Perzlmaier 

(
+220.42 0.416 0.026 16.1 3.0

Schmermann
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6

(

Bligh

(1910)
+220.42 0.083 0.061 1.4 1.2

Terzaghi & 

Peck (1948)
+220.42 0.594 0.019 31.6 3.0

Perzlmaier 
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Schmermann

(2(200000)0)
+220.42 0.207 0.066 3.2 2.6

::: ,,,

= 0.019

= 0.066
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Abstract
 On September 2017, there was report of soil movement on highway 1234 and village areas consist of Moo 
1 of Santikhiri village and Moo 4 of Ban That village, Mae Salong Nok sub district, Mae Fah Luang district, Chiang 
Rai province. The movement caused wide effect on households and facilities in the areas such as deformed 
buildings and collapsed road etc. These areas used to have landslide event in the past, especially along 
highway 1234 that used to have soil collapse in 2010 (Reoccurrence).
 Geotechnical Engineering Research and Development Center which lead by Assoc. Prof. Dr. Suttisak Soralump 
(Chief of our research center and specialist of geotechnical engineering) have been working on several landslide 
researches. We realized that the situation and effects caused a huge damage to villagers, therefore, our research 
center worked together with Subdistrict Administrative Organization of Mae Salong Nok to survey and investigate 
in the areas and found that damages and effect from soil movement trend to increase and may cause severe 
issue to safety of villager and their properties.



 Our research center as consult of Subdistrict Administrative Organization of Mae Salong Nok performed 
deep investigation, assessing of potential of soil movement and proposing solution in order to manage and 
release the effects of the movement under the project of “Geotechnical survey and analysis for assessing slope 
stability of Mae Salong Nok subdistrict, Mae Fah Luang district, Chiang Rai province”.

Key word : , 
                  Ground movement Maesalongnok, building inspection

  
. . 2560  1234 

 1   4 
    

 
   (  1)  

 
  

 
 1234 

 . .2553 ( ) 
  

  . .   
(   

) 
 

 
 

 
 

 

 (1)  

 (2) 
 

 (3) 
 (Landslide Susceptibility) 

 (Geotechnical Engineering Method)
 (4) 

 (
) 

 (5) 
 

 



 1  



   
  2    1 

 -  
 4   

 2 
  1: 50,000  

4949 III  47Q 565527E, 
2229944N  47Q 569565E, 2228314N 

 2  
  

  1: 4,000 
 (Contour Interval)   1  

  3 

 
 

 ( )  0.3 - 1  
 

 1,070 - 1,120  
  5 - 30   10 

  
 

 930-960  
 5-20   15  

  
(   , 2555) 

 (Landslide scar)  
 20 - 30  

 3 
 ( )  ( ) 



  1: 50,000  4949 
III  (2560) 

 4 

-  

 SDph   
  Di (

)    
   

   
SDsc ( )    

 4  1: 50,000  4949 III 
 (2560) 



 
  

 SDsc (
)  

 SDph  SDsc  
 

 SDph  SDsc  

 4 
 (Geologic cross 

section)  2    A-A’ 
-  (SW-NE)  B-B’ 

-  (N-S)  A-A’ 
 

 
  

 (Fold)  
 (NE) 

 (SW)  (Fold Axis) 
-  (NE-SW)

  (Resistivity Survey) 
 

 ASTM D 6431-99 

 
  

 
4 Electrodes -  (Wenner - 
Schlumberger Array)  2  (Pro ling 
2D)  (a)  5  

 
 (na) 

 
  20   4  

 500   1 

 (Pseudo-section) 
 

 1 

A-1 100 20 

A-2 150 30 

B-1 150 30 

B-2 100 20 

 4  500 
 20-30 

 

  5  2  
  (Colluvium) 

 (Residual soil) 
 20-30  

  4-2,000 
.   

 
 

/
  (

 SDph) 
 

  
32-256 .  

 
  

(Low Resistivity Anomaly)  2-8 .  

 

  6  2  
  

(Alluvium) 



 5   1  Line A-1 
(100m)  Line A-2 (150m)

 6   2  Line B-1 
(150m)  Line B-2 (100m) 



  2 - 30  
  

4 - 2,000 .   

  
 

 4-5  
 SDsc ( ) 

  
16-2,000 .  

  
 

 
 (Undisturbed 

Sample)  1   
0.5   

 (Direct Shear Test)  
KU-Miniature Sampler  7 

 
 

 (   2546, 2548) 
   

 
  PCV  

2.5   2  
 Direct Shear Test 

 7  (KU-
Miniature Sampler) ( )  
(Undisturbed soil sampling) 

 
 

  Direct shear Test 
 ASTM D6528  8 

 
 (Consolidation) 

 
 

 (Consolidation 
Drained Test)  (Soaked) 

 0.02 mm/min   
    

 (Cohesion, c) 
 (Friction Angle, ø) 

 
 2



 8 

 2 

( ./ . .) ( )

0.163 29.65

0.027 37.31

 (6)  
  (Drilling Hole) 

  1  
 9 

 
 (Wash Boring) 
 (Disturbed Sample)  

(Split Spoon Sampler) 
  ASTM D1586 

 (Rotary Drilling) 
 (Diamond Core Bit) 

    3  
 50  

 (6.1)  OW-1
 25.95   

3   1  
11.00   (SC) 

 (Loose to Medium Dense)  
(Wn) 12.4-24.6%  (LL) 38.5%  
(PL) 21.6%  (PI) 17.0%  2 

 1   1.50  
 (ML)  (Hard) 

 (Wn) 24.9%  (LL) 48.9% 
 (PL) 32.4%  (PI) 16.4% 

 3  12.00  
  (SM)  

(Very Dense)  (Wn) 11.4-18.4% 
   16.50-

18.00 

 (6.2)  OW-2
  25.95  

 3   1 
 13.50   (ML) 

 (Stiff to Very Stiff)  (Wn) 
32.0-55.8%   2 

 1   7.50  
 (ML)  (Hard)  

(Wn) 40.8-49.7%   3 
 21.00  

 (SM)  (Very Dense) 
 (Wn) 11.8-14.1%  (LL) 49.4% 
 (PL) 28.9%  (PI) 20.4%

  OW-1 ( ) 
 OW-2 ( ) 

 25.95   24  
 -5.50   -5.0   

  OW-1 
  OW-2 

 



 9  (OW-1) 
 (OW-2)

 
 (DynaSlide Model, Dynamic Landslide Susceptibility 

Model) 
 (Geotechnical Model) 

 2   

 
 

 

 3    
 (Factor of Safety, F.S.) 

 

  
 (Landslide Susceptibility Classi cation) 

   (2559) 

 
 5-1

 3 
 

 (  , 2559)

(Factor of Safety, F.S.)

 (Very high) FS<1.1

 (High) 1.1 FS<1.3

 (Moderate) 1.3 FS<1.5

 (Low) 1.5 FS<1.8

 
 10 

 (High to 
Very high Landslide Susceptibility) 

  
 DEM5m 

 10-15  
 



 10 
 DynaSlide 

 95%

   4 
 1   4  

   
   

   
 

     
 1  3  . . 2562  

 4  

  1 :  : 
 ( )

  2 :  :  

  3 :  :  

 
 0

  11 
  12 

 4 



 11   12 

 
 3    (Back Analysis), 

 (Limit Equilibrium Method, 
LEM)  Pseudostatic 
  (Back Analysis) 

 (Soil Strength Parameters) 

 

  
  (F.S.) 

  
 2 



  (Limit Equilibrium 
Method, LEM)  Slope/W 

 (Failure surface)  
  

 (Translational),  (Circular) 
  

 (Shearing resistance)   
(Mobilized shear stress)  
Factor of safety, F.S.  F.S. =1 

 

  Pseudostatic 
 Pseudostatic 

Analysis  
(Seismic coef cient, kh)  

  
 

 
 (  )

 
 

 
  2B  3 

 Warnitchai 
and Lisantono (1996) 

 0.15g - 0.30g 
 kh  0.075 - 0.15 

(kh=0.5PGA.)
  1  4  

 14  10  13 
 

 (1)  (
)  (Saturation, Sr) 

 100% 
 (2)    

 -5.5 .  -5.0 .  1  4 
  

 (Kh)  0.075  
0.15

 (3)   -1.0, -2.0 . 
 -3.0 . (

)

 13 



 (4)  
  (4.1)  (Back Analysis) 

  F.S.  1.0
  (4.2)   (Static Analysis) 

  F.S.  1.30
  (4.3)   (Pseudostatic 
Analysis)   F.S.  1.10
(4.4)     F.S. 

 1.20

   2 
  

kh=0.075   
(F.S.)  

 -3.0   -2.0 
  ( )  
 1  4   

 14  17  

   kh = 0.15  
 

  
 

 14   1 

 15   4 

 16  
 1 

 17  
 4 



  

 

  

 

 (SC)  1 

 (ML)   4  2  

 

 

 

   

 

 (Resistivity)   1 

 ID 1-7  ID 1-8  

 
 

  20 - 30  

 3  4 

 20 - 30  

  4   

(Local failure) 

 
  4 

  

  2 

  

 (Zoning Map) 

 

 

 (  18)   

3  ( )  
 Zone 1 :  

 Zone 2 :   

 13 

Zone 3 :   
  

  



 19 

 20 

 21 

 22 

  
 

 
    

  
  

  
 

 

 
 

 (  5) 
   

  2  
 19  20  22  

  



 5 

 (1) 
 

     
 

 
 10  

 26-31 
 (2) 

 
 

 24-25.95  
 

 

 5-10  
 (3) 

 
 

 (4)  (High to Very high Landslide 
Susceptibility) 

 
 

 (5) 
 kh=0.075  

 (F.S.) 
 

  
 -3.0   -2.0  

 ( )   1  
4   

 

 (6) 
 ( ) 

 
  

   

 
 

 

, (2560),  1: 50,0000  4949 III, ,  6, .
  , (2545), , 

  ( .), .
, (2559), ,  

  , .
  , (2554), , 

   , .
  , (2558), -  

  (  3),  ( ).
 



  
 .  

1. 
  ( .) 

 
  29,000  

  
  

 

 “  

 .” 

 
    

  

 
 (Geographic Information System; 

GIS)   
 
 

 

 

 .  

 

2.  
 1.   . 

    

 2.  
 

 3.  

3.  
   

 ( .) 
 . . 2562  . 

 29,871  
 1-1  

7     
 

   



 1  ( .)



4. 
 

    
   

 
 

 (Multi Hazard Risk Assessment) 
 

 
 (GIS Analysis) 

  Google 
Platform  

5. 
 
  5.1  

 
 

  
 

 

   1  2

 1 



 

 :   

 

 2 

6. 
 6.1  

  (Quantitative Assessment) 
  

   3



 3 

  6.2  
     

 
 2  4  9



 2 /



 4 



 5 



 6 



 7 



 8 



 9 



1,2,3

Corresponding author; E mail address salinya.se@ku.th

(Antecedent Precipitation Model, AP-Model) 

AP-Model 

WRF (Weather Research and Forecasting Model)

(

AP-Model WRF

AP-Model 

ROC

AP-Model 

7

Area Under Curve AUC) 

AUC

, , 

AAP-Modeell

Abstract

Geotechnical Engineering Research and Development Center 

(GERD), Faculty of Civil Engineering, Kasetsart University has

developed a Critical Rainfall Threshold by studying various 

landslide location and collecting rainfall data from events to

create the relationship between rainfall accumulated in 3 days

and rainfall on the day of landslide incident. The threshold uses

Antecedent Precipitation Model (AP-Model) to analyze landslide 

susceptibility areas. The AP-Model creates a map for landslide

early warning system. The model is analyzed by the use of 

predictive rainfall dataset of the Weather Research and

Forecasting Model (WRF) by Hydro Informatics Institute to

calculate a cumulative rainfall of 3 days and compare it with the

Critical Rainfall Threshold. The limitation of the rainfall dataset 

usage affects the model because the predictive rainfall dataset 

of WRF model is only 69 percent accurate. This limitation may 

reduce accuracy of AP-model for landslide early warning system.

Therefore, the purpose of this research is to evaluate the 

accuracy of the AP-Model for landslide early warning system by

ROC method and comparing statistical data of landslide with

simulate landslide susceptibility areas of the AP-model during

to 2019. This result shows that area under curve (AUC) of 

landslide probability 20-50% and more than 50% is 0.736 and

0.639 that means good and medium respectively.

Keywords Accuracy, Critical Rainfall Envelope, Antecedent 

Precipitation Model (AP-Model)

 (AP-Model) 

Accuracy assessment of Antecedent Precipitation Model 
(AP-Model) for landslide early warning system
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