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SUSTAINABLE POWER
FOR THE FUTURE GENERATION

WavvIu 53 o

———ENDLESS ENERGY
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Nam Ngum 2 Hydroelectric Power Plant Bangpa-in Cogeneration Power Plant 1 7 Power Plants : Bangkhenchai Solar,

Xayaburi Hydroelectric Power Plant Bangpa-in Cogeneration Power Plant 2 R lar Farms
Power Plant : r
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» Geoharbour Group is a global professional entity specializing in research, design, consultancy and informatization
! detection services in the field of coastal soft soil reclamation and harbor foundation construction. The group owns
a series of patent technologies of high vacuum dynamic compaction and has completed more than 1,000 mega

5 projects foundation construction. It is estimated that our services help saving billions of RMB and 10,000,000 tons

of CO2 emission in the past 10 years.
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Geosynthetic Bentonite Liner (GBL)

» P Description

Our GBL is a type of geocomposite that is frequently used in
environment containment applications and is an alternative to a
traditional compacted clay liner. GBL consists of two high strength
geotextiles and sodium bentonite. Fibers of the two geotextiles are
interlocked by needle-punching process. Geosynthetic Bentonite
Sheet Liner

(GBSL) is a special GBL which covers one side of geotextile layers
with High Density Polyethylene (HOPE) sheet. GBSL is desinged for
projects that is required additional chemical resistance and in harsh
environment.

» P Application Flood control, Irrigation Waterproofing Dams
Waste Management : Landfill Municipal Solid Waste Waste Water
Containment Lagoon Liner Systems Cannal Liner Systems Tunnel

Wiremesh



ESG

Environmental Social Governance

2020

SEAFCO

Best Company
Performance Awards 2019

MANAGEMENT
SYSTEMS

is the leading deep foundation specialist in thailand
with more than 45 years experience.

We specialized in : © Bored Piling O Barrette Piling
Y Deep Excavation © Diaphragm Wall O Substructure Works

O Ground Improvement © Ground Enginerring O Other Civil Works

THE FOUNDATION
OF SUCCESS

Q <

www.seafco.co.th info@seafco.co.th (662)9190090-7
144 Prayasuren Rd., Bangchan, Khlong Sam Wah, Bkk 10510
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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 m? 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.

m— SASW test line

‘ Legend

Vacuum Gauge

SE

SP-B-02

BH hefole

Settlement Plate ‘ ‘t. ‘F o
' 4

N
N | = |
| @ Piezometer S )
o Borehole - Before A ZO n e A %
O

the Improvement " ™,

(26-02-2019) e LS DAY

l E:::;r?hole-Mtert \ /A & & 3 . f
SN (15-03.2020) ) | " '
FHEA | = B SRR
" . "4 ':’l -

Zone B ‘ . _

. - L — .

M AT e & e i o it R P T

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.
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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/mz, 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/m?, 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/m?, 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.
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Figure 3. Summary of Zone B’s boring log data before the soil improvement on 26 February 2019.
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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/m?,
the preconsolidation pressure 5.6 t/m2, the Cc 1.193, the Cs 0.132, the OCR 1.19, and the Cv 5.09 cm?/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 cm?/sec. From a depth
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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 cm?/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 x 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
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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].

Forward | Receiver CCMET Receiver | Reverse Receiver CCMET Receiver Forward
test 1 Line 2 test 1 e 2 test only
I I
=N AN/
| l mim | | minm |
[ T ——] [
| add ‘ dd ‘
d/2 d/2
I I
A : ~ A ;
| R | | T |
‘ ' d ‘ d ' d ' d K d ‘
‘ 2 1)
a) b)

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 (Vsy5) was used as the
monitoring parameter because the Vs can be different at each depth and the approximate PVD length
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was 14.7 m. The Vs;5 can be calculated by the following formula adapted from the Vs3j, which was
used in the National Earthquake Hazards Reduction Program (NERHP) for site classification [37]:

15
E)

x=1\0x

VS]5 =

@

where /1, and v, 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.
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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 Vs;5 over time. The Vsj5 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
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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.
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Figure 8. Comparison between the settlement and Vs;5 over time.

Figure 9 shows the correlation between settlement and the Vs;5. The correlation between settlement
and the Vsj5 is well-suited with a straight trendline, where the Vs;5 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 Vsq5. The equation can be written as
s = 0.00248 x Vsy5 —1.0484

where s stands for settlement (in meter).
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Figure 9. Relationship between settlement and Vs;5.
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The field measurement result was then compared with the theoretical model of settlement
prediction from [38] and with a back-analysis model of the Vs;5 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
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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:

1(2% . 1(z* - 1(2%. 1(z*.
E(t,Z) =T+ E(C_yT)_l_ Aﬂ(C—UT)—F"'—FZF—l— g(C—UP)—F a(C—UP)—F (3)

where ¢(t,z) is the vertical strain of depth z at time ¢, T and F are unknown functions of time, and C, is
the coefficient of consolidation.
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Figure 10. Settlement curve.

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

1(H?.\ 1(H*. H , _
p+§(c—v )+§(C—v )+”':E(E+€) (4)

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

t=Aj(j=0,1,2,...) ()

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

pj = Bo+p1pj-1 (6)

where p; and p;_; are the value of settlement at the specific time of j and j — 1; fy and p; are
unknown parameters.
The final settlement can be calculated using the following formula:

Pj = Pj-1 = Pf @)

where py is the final settlement.
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The final settlement can be predicted by finding the intersection from the line p; and p;-1, which
has a 45° angle from the p; and p;_; graph. Based on this, Equation (6) can be simplified by substituting
pj and p;_q with prand can be written as

__Po
Pf—l_ﬁo (8)

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

Po ( Po ) t
“1-g, \1-g. 9
pf 1_ﬁ0 1_ﬁ0 P0,81 ()
where pg is the value of the settlement at its initial time.

The result from the back-analysis of the Vs;5 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.
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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.
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Figure 12. The relationship between effective vertical stress and Vsy5 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/m?, 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/m?. At the bottom part of
the soil, from 9 to 15 m depth, the Su values increase approximately 15 kN/m?. 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.
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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
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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/m?, 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

which was called Bangkok soft clay. The backfilled soft clay are

bt

Keywords: Vacuum Consolidation Method, Backfilled lump soil,

ground water level drawdown
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3.3 ApTIeviniaesuusadeuliseuigain Cone Penetration Test

Campanella and Robertson (1988) LaUBAITRIAINIAITULTI
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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
used to analyze in order to find the size of the pile parameters

that are suitable for Bangkok soil layers.

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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wduadlulufuwiliandulnndeannsofinduassonaulfogns
azannmmuiiansenukarsumuiuiiseudnetios Saduiing
Tomanduuszondiud uludsemalne wu Srelavan aswiu
yumdnuaze1msiiegende wiidlesnnnalnmssuthuinvesandu
Ynundertuegiunsadeamiuinssrinsiunuedufusasusauun
muvenanfudsiuogiuruauarsuiuvesuswndeundnvil
vdnmadunaziinuuandsluanaduily
mAteilailngusrasdiftednumginssusdeiuthwinussn
youandulnindeslutufunganmumues lasdeyananisvagou
griwieseiifiefnymgAnssunisdiedeleutminvesandy
fisgAuanudnaeguarmaimsfinesiuuizay dioldlunis
ponuvuuarUsuUsnandulildauldsuduiungunwod 16
Uszdnsnwsoly

2. ANWUIYUAUUSLINNUNNAFU

%uﬁuu%nmﬁyuﬁwmaau%uuqumﬂsxmm 13 wms awdutu
fumilerseu (Soft Clay) daadly 4 wns sxfufuiumiaunden
nane (Medium Clay) ntussiduduunilends (stiff Clay) auly
fafuns1e (Dense Sand) iAaudnUszana 21 wasanianu
wanalunns197 1 wanINaNIINAEDY Standard penetration test
(SPT) LLasﬂmauﬁamﬁmﬂiimaa%’uau



P
a a

M19°99 1 dgunansmedeu SPT, uazan Sukaz O vestuAuUSHUN
NAdU

Depth o Undrain shear strength Total unit weight Friction
Soil description

(m) (t/m?) (t/m’) angle

136 1.66

7 Soft Clay

14 13
5 Medium Clay 4.40 16 2
16 18
17 20
18 26
19 Stiff Clay 8.20 19 28
20 28
21 29
22 28
23 Dense Sand 2,04 28 31
24 24
25 30

3. navaseufdssuiwinusInAe3sadnsaans
mswmaauﬁﬁﬁn%’uﬁmﬁ’ﬂmsnﬂmaame?mu,waﬁmamam%
(Static Pile Load test) 1 unsnaaoulagiisusinszrilagnssde
wndudevssiunuanasalunssudminuasnginssuves
Lﬁ%ﬁmﬁ'a%’mfwﬁﬂmmﬂ Tunsnaaavafsisnismaaaumu
11A5§1U Modified ASTM D1143/D 1143M-07 Tagn1sifisuazan
hminnaaounutunousielud
58U 1:09% = 0 Ton >>> 25% = 25 Ton >>> 50% = 50 Ton
>>>75% = 75 Ton >>> 100% = 100 Ton >>>75% = 75 Ton >>>
50% = 50 Ton >>> 25% = 25 Ton >>> 0 % = 0 Ton
50U7 2:0 % = 0 Ton >>> 25% = 25 Ton >>> 50% = 50 Ton
>>>75% = 75 Ton >>>100% = 100 Ton >>> 125% = 125 Ton
>>>150% = 150 Ton >>> 175% = 175 Ton >>> 200% = 200 Ton
>>> 150% = 150 Ton >>>100% = 100 Ton >>> 50% = 50 Ton
>>>0% =0 Ton

SUR 1 ienduuazamumdnvegou

SranssuUgwnazgausin

3U# 4 95793AN1303A6797N Dial gauges

4. w@ndaUninden (Helical pile)

Helical pile Ao tanduimandsaguiinanlulsanugmamnssy
vmsneailpsnamuiadudriiuiudeldsessudmineas
vieRagnatns dmsuiienues helical pile annsafeilded
Helical Pile (noun) “A manufactured steel foundation consisting
of one or more helix-shaped bearing plates affixed 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 2000)

dauusznauroaandy helical Usznausae 2 daundnde @
uwkudn (Helical plate) wazduvewio (Shaft) uenaniifisznay
asud uqudu adn (Bolt) n5e pile cap 1wy gﬂ‘ﬁ' 1 uans
dauusznevvaea helical Tnsududnidudasuimifnvesdane
1@wdu (end bearing) wazdiuviefdud v ULTLAEANIUTENINS
v duuaziu (skin friction)
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EXTENSION

o GHAFT

—~— COUPLING

-
_—HELICAL PLATE
==

LEAD

=

=L |™— TRAILING EDGE

= LEADING EDGE

M
S —pILOT POINT

gﬂﬁ 5 dhuszneuvenands helical (Mohajerani et al. 2016)

4.1 mseuanssuusiveuaainaenieds Individual bearing
method

an13Amuadlaedd Individual bearing method fikuiAalunns
° & o v < . a X ' '
AIuAe AMassulsIlaa@ndy (End bearing) Wnntuluunasiny
helix 39vHanN15Y09A ST ULTHUNMILVRLENTIUAD HATILVBY
A& unsalatsianduveannaz ki usuiuLs A E oA IuTENING
EdunasAy

Qu = ZQbeating + Qshaft (1)

e

Qu Aerdssuthminussynusede
Qbearing foussinumuuaneandy
Qshaft fousudeamuszrinuandy

Qpearing A 11903910 Qg = TN A, )

Qshaft Aaan Qg = Koo, tan S A, ©)

V(ave)
P
b

r a a

44 v a A <
O ﬂi’]V’TJ']QJLﬂuﬂizﬁﬂﬁwaiuuu’mﬂﬂﬂa']EJLﬁ']L’U@J

v

N, Fauramesiasulssunmniu
An fio Wuinihdavesusiu helix

a

o feanudulszansnaluninfuaisnasnninugniady

v(ave)

§ o yudsamusznitaadiuuazvsne (13197 2 way #1579 3)
A4 o a £ o v v =

K foduuszansanususinudns (il 4)

A Fafiuiisousuvananduunames

a

MAFULTIUNNIU (No) amnsamerléangui
A13199 2 ydeaniuseriaanduuaznsie (§) (Stas and
Kulhawy, 1984)

GG ol
NIY/AMBARIMEU 0.7-0.9
NI8/AVENRISEY 0.5-0.7

A135199 3 yadeaniuseninsalinuaznsie (§) (ASS, 1984)
wiloandu o

Wian 20°

A15199 4 FUUsEANSANUAUAUAIUTY (Broms, 1965)

K

afiaadu
loose Dense

wan 0.5 1.0

Bearing Capacity Factor Curve
for

Cohesionless Solls
4, vs. Anghe of ernal Frictlon)

N, — volues

/

—'_—- |

10 121416 18 20 22 24 26 28 30 32 34 3638 40 42 44
Angle of Internal Friction, degrees.

5UR 6 Anuduiusseninaudeaniulssvsnaveamsenasal Ng
(Hubbell Power Systems, Inc)

5. unagy

nan snageufassuminussynvenandudnindenaedd
adnganInuI
= IR o < Y
e soufl 1 (wiinnadeugean 100 fu) landudAnisngadisy
23.23 14, AINTNIAFINTIT 8.66 . TANNTAUT 14.57 .
®  sauil 2 (hwinvagaugegn 200 fu) wnduiidnsngadisi
54.55 w3, AININTARINT 32.12 al. dAnshuda 22.43
.

fimsanmnnsmanudiiusszrhsdminussn-ansngad
Tugui 3 wuinswiaudiusluseudl 1 uas 2 deglutisdaain
ioswnliiiansiinseatnedunduusiodndla uansinanfunageu
mmm%uﬁmﬁﬂmmnmaauﬁ 200 s lavnizsinisnaaey

LOAD TEST - SETTLEMENT
Load test {ton)

o 30 60 90 120 150 180 210

settlement (mm}

&

3UN 7 nsmluansnuduiusseninad minvageu-AN1TNIac,

BNEN5D1994

[1]1 Perko, H.A., 2009. Helical Piles: A Practical Guide To Design
and Installation, 1st ed. John Wiley & Sons Inc, USA.
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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

AL}
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surcharge load. Then put it on the geotechnical centrifuge
machine to accelerate the level of the gravity for 4 8
minutes at 30 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 9.27% and 9.95%

respectively.
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Abstract

Pile foundation is currently used in a variety of applications in Bangkok. Therefore, the study of various
foundations is important to be able to use it appropriately. Which must consider environmental matters
and working in urban area. This article aims to compare each type of foundations. Beginning with the
research for each type of pile used in Bangkok. Study various aspects that will arise from the use of each
type of pile. By studying in the actual location and looking for information from various companies that
provide pile services and then down to the Sathorn area Bangkok. As a case study of restrictions on access
to areas in crowded areas to design the foundation plan. For this case study, compare the use of piles of
each type, the aspect that is of primary importance is brief construction cost, environmental impact, load
capacity and the number of piles that must be used. And the construction duration for this case study, it
was found that the foundation work that uses the least cost is Driven piles but also affecting the

environment the most. While the Helical pile has the minimum usage number of piles and working time.
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Gl msUsyyuIvImsImnssuleswnsvd Az 25, sendedui 15 - 17 n3ngInu 2563 2.9ay5

UnAnea The dam foundation comprised with the cohesionless soil (Pl <

p . vy ooz ¥ " 7) is sensitive to be failed by backward erosion. Even the
119931nAUAEBINTITUNANTUBE1UININTIINTSLRUVD S ) ) )
. - R T reservoir has operated for a certain period though the safety of
‘USS‘II’]ﬂiLl,azﬂ’ﬁﬂ]EJ’]EJWJ%I’?J\Tﬂﬁ]ﬂ'iilJVI’NLﬂiUﬁﬂ‘\] VUENLAAIUTLIAY . . . .
- P X e e e s . the dam against backward erosion should be investigated. In
”lmwsuuwulmmmﬂ ﬁﬂ’WUﬂ’liﬂJL‘UU‘HﬂaﬁﬂU\iﬂUI‘I/IVI‘LJ’JEN’IUVI . .
Y- . o e we v a4 design stage, the underseepage might be evaluated by the
SuiinvoufpaumIunIsiinUSunsnuinlug eiuitegsmanides » . . . . .
.Y o Y4 e o ¥ oo . o empirical equation of either or by the critical exit gradient
Wile nsifindsuiesihdeiliussiuiniiudu wazlinudesme o » )
o 2 “ o PR proposed. After that gave the adjusting factor for critical exit
msswaﬂﬂatawwxwgmswm-’uau Iummmgﬁuswﬂmaumumumﬂau . . . .
. RO . . ) . gradient based on their upward flow tests. Including the physical
nevsenewdedidl Pl dounin 7 aggeulmsenalnnsivhnuy ) )
. . o o e T v models showed the resistance of the soil related to the
N1INALYITYBUNAU LLQJ’JWLTBUIO’ILﬂUUWI’JLUUL’JaWU’]ULLﬁ’JﬂﬁHiJ
coefficient of uniformity of the soil. These methods are applied

2
waa o

audasadeannalanisidhgsndudesgnasiaasy Tudunis )
. “ R e R for a study cases of Mun Bon dam that had a history of leakage
2OALUY mﬂ‘wasnumugmﬂﬂwaumﬁlgnﬂi::Lmul”ﬂﬂmaaumﬂm ) ) ) o )
oo g S o R to investigate the backward erosion within the dam foundation.
Uszaun1sal ¥3ea1nTenuIngAngneen Faounlainnsiansan - )
. Y . A The results shows that the methods of the empirical equation
QOUwLmL‘wammmmwuuﬂﬂqmmmamimaaumﬂwama - ) )
¥ s . . . . and the critical exit gradient are workable for the well graded
AU FIVYNNITNAFDUATYUUUIIADINNAYATNNNUINAUATUNIY ) ) )
N “ o e e e o and internally stable soil foundation. In the other hands, the
vosnuliiinuideunuuronisluaduduiusarduUsy@ndaiu ) )
method of the physical models conforms with the appearance

dunaNeveiugIusn unauiliinisnisasisdeutiediuin .
in the field.

naaesldfunsdifnuidouyauy wmnzineiiuszAnissidu nans
ATvdoUNUIItauNaBsUssaunsaiuaranseduingfigaeen  Keywords: Backward Erosion, Cohesionless Soil, Hydraulic
wangaufuugusniifvnenariufuasiaiosnmnigly usdr  Gradient, Exit Gradient, Coefficient of Uniformity

fugrusiniduiufivunneazlii 35nsesvaeuiisuuusiassuans

NaaNsNADRRdRINUFIIAT Ul uEUIL

1. uni

119991NAUABINSIFU N ANTUDE19UINAINNINITAN VD

MdAy: Msnanzdaunau, Aunlifinudounu, anszaulh, v A - 4 ¥

i , Usz9In34asnI59818MveIianssunisasegna  Tuvasiiunaun
2AM1998N, AdUUTEANSAUANEND e e X uw. P o
1 witdliaunduladruin aanunisaiwuiindrededulinuioanui

Abstract HuRavauFaamunIuMSinUSuesiudnlus1sfvinegimanides

Ll msuiinsgauAuin n3e n1siinUsunsi Gevialiusesuiin
The demand of water has been increasing rapidly caused by . - 4. o o 4
LWHYY LLGSQJﬂ’J’]iJLﬁfJW]E]ﬂWii’J‘UNIﬂEJLQW’]EVIj’]US’]ﬂL‘UE]u
the population and extension of economic activity while the 0 g e 4.3 o e
Frhusnerafvilulssmalneffiufnanmlngfiusyauiuin
new water resource project is developed hardly. Under this Y , - ]
TUuduseuna 14 wiis Insanizlassnisiunianyiueen i Weu
situation, it seems to force the government agency who take in Y o =l it
ARDIFLA, LVOUUNNTY LAZUDUUTELAS nﬂLLuuﬂIﬂiﬂnﬂiLwawulmgﬂ
charge to review inevitably the heightening for the existing D P - e % A
NAFADULNUUILAINATH WWﬂWUEWUSWﬂLﬂUWUWBBUIﬁ’J HBONNITAU
reservoirs. The heightening of reservoir with additional water # o iy, TR R
AIWAIIUAUUINEIVY doudndudaslasunisnsiaaeu lnulanis
pressure may result in the risk of leakage at dam foundation. — " L =
sdunuun1sNURINNSAALEIEgaUNaU (Backward Erosion, BE)
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wszaniansidildesesings ddulsmalvedouinein
mudsmenarivhionnistaeisdoundulugiusnideu gy
L?‘J’au;&auu Tuifiounannu 2533 wagilouusanu Weudsnau 2562
Wudu

osdnwsludagduideangdnssunisiuaduaes 1ICOLD [1]
Tauvadunanisivadundu 3 dunis suldun 1) mslradusinusa

Weu (Seepage through Embankment) 2) mslma%’mmugmsm

A

\ou (Seepage through Dam Foundation) 3) nslnaduriusiiou
Qig TusInLieu (Seepage through Embankment into Dam
Foundation)

uriaztdunsnslvaduaziinisiannduandugud 1 fegud 3
auddu Tnensiidhivesdeufinalniivildiinnssuaunisvesnis

InaBuauiilugnsiddld 4 4 tumeu laud

o
= '

1. Initiation Funeauin1sfnZISuALTY Faluagiuidun1aves
nslva uazian

2. Continuation Tunaun1sintgzasiiios Fudunaainnis
N384 (Filtering)

3. Progression Junaun1siasiaiu Aufigninuzldideuse
v = =3
Audulnseuwazdvunlngu

4. Breach Formation and Failure Yumaun1siinn15ids Jam

= o o ' v o A = = Y
gaydeluannisiamiilugnisniadivesduldesunionisiaious

nANLFUNTIgs i lithdutududeuld

—_—
INITIATION — CONTINUATION —» PROGRESSION - BREACH/FAILURE

Concentrated leak Continuation of Enl of the Breach

forms and erosion erosion erosion hole to form mechanism forms

initiates a concentrated leak

#449; ICOLD (2017)

U 1 nsvuunsivhidlesnnisinaduriuiiidou

—#= BREACH/FAILURE
Breach mechanism

##17: ICOLD (2017)

U7 2 nszvaun1sivRiflesannisivaduriiugiusinion

A

\‘l'?hl \
[ I". f .
{ s i
VE e ¥
= CONTINUATION — PROGRESSION = HREACHFAILURE
Backwand erosion

INITIATION
Leakage exits the core Continsmion
intes the foandation and of enmion
hackward
inithates as

Breach mechanim
forms

]
e eroles transporicd in the
into the foundation foundation

#417: ICOLD (2017)

3UN 3 nszuumsitidemnnisivedurudutoudgiunideu

v
=1 o v

v g = oo a X K
VNLlﬂ’]ﬁﬂﬂlﬂi’]%ﬂi’JUﬂaULUUﬂalﬂ‘Viuﬂ‘VliJﬂ‘\]%Lﬂﬂ‘UiﬂUﬁ’mi’]ﬂL“UE]Ll

Qe

winndntudandew fAdugiusindianugeulnadenisgnineis
o ) <, | a Ao P v S a a
gounadu Lunguauiianueunuulos (Pl < 7) uarduduiinis
MadaseLlesanamuwtiotluauyingdn

U 2 1 Juedrsguuuunalnnisdngigiiugiusiniliou
Tngn13inlg1zi3udY (Initiation) 13131NANFIUIINAIUTNEUN
o o o P
endn gan1geen (Exit Point) lifiiadesan  gayideniisuss
UseAnsnanaziSuinnisiandinfuainanusuinludnwasnie
HA (Boiling) Waneiiog 1umIenARdluzUN 4 mnsyuunsewinuyng

°

drlifiuszaniaw nfuszgnitanioenlusgreseiiog
(Continuation)  gan1sWandfinifiniuazaes Aaanzdeunduly
Frumiior asiiudnga Exit Point asFsundasiumisdounduly
frumiledidosq ndutuduiigninezazimundendediudy
Twss wiei3endndu Progression aunseiidnssensidene dons
veimednsanniuanilugnismyaivesiaudeuienisindou

i uvilinaudududeuld vsewia Breach and Failure

ii: Fell et al. (2015)

5UN 4 Sand Boil MifinTuu3unnsimurineuvesnisniu

2. 35n15A5298aUNSNANZEaUNAY

Tudhuiildsiusuisnisasiaaeunisinaduniufugiusinid

anuseulmsenisgninzdoundu fall
2.1 Creep Ratio %84 Bligh (1910)

Tula.e. 1910 Bligh Ra1sannislnaduriugiusindeunduisuiu
TUauisduivRmeannsiBeUszaunisal (Empirical Equations) e
38 Creep Ratio flaunsi 1 (2]

_ Lgiign

Cc‘reep SN (1)

1087 Cereep A0 Creep Ratio, Lpjign AD A1ME1INAYRS

Eunianastuagduilaarnnasinlusuisiviazuuifg (Critical



Seepage Length) niheifuuns, AH Ao anusisdnduessyauin
fumilatnazsuingt (Head Difference) mihenduns
Creep Ratio 1Uaendunedlitosnin Minimum Creep Ratio
Amuualilunised 1 Felaannsdlidnwmianmsinensdounduld
a' & . 9 ra e P < a
U351V U 9zL9UI1 Blish Seldiinsdl@nwiigiusiniduiu
Medium Sand, Fine Gravel, Medium Gravel kag Coarse Gravel,

including Cobbles

@1519f 1 Minimum Creep Ratio

Piping Material Minimum Creep Ratio
Very Fine Sand or Silt 18
Fine Sand 15
Coarse Sand 12
Gravel and Sand 9

Up.e. 2007 Ammerlann T@@n®135904 Bligh ’unsilfnuives
wilsiuusith Mississippi luussinaanigowsn wilsfigrusinidu
n1ere1uUUnTIn (Coarse sand and Gravel) lUauflansneaz1dus
(Fine Sand) [3] 31]17; 5udns Ccreep (L/H) v09 Bligh fuseeuth
4980 (Hopm) auiiiumidafiRsRdwIveden LH dndn 18 vauedl
18 - 43 §anu Sand Boil usidle L/H w1nn31 43 a¢laiAa Sand Boil
uuUadn Creep Ratio toanin 43 livaeadaseniseanuuunia

wiaweuniigrusndunse

+  critical locations

= numerous andior large

®‘lmtl:nrs 51
. boils
1 numerous pin boils or

5 w several small boils
no sand boils

Hmax
.

- Boundary 'sake area”

il ¢ Boundary ‘unsafe area’

Band widih
=factor 3.5

e — s

t t t t t

t J
20 30 40 a0 60 ] B0
L/H

712: Ammerlann (2007)

P
3

5U# 5 #iusmnis Sand Boil nsdlfinwvasntanuuivn Mississippi

Wefiansaunudn Creep Ratio tudrunduzesdtainsgfuii
\adig (Average Hydraulic Gradient) MAnduuiiiadagiusinas
dun1s 2 wazdlrunduved Minimum Creep Ratio A&18AUAY

v
v o

a1nsEAunIngm (Critical Hydraulic Gradient)

1

=] 2)
Cereep awg
1

Minimum Creep Ratio R

Leritical

SranssuUgwnazgausin

Cereep > Minimum Creep Ratio

1 1

Ccreep Minimum Creep Ratio

iavg < icritical
aglan

Ccreep

FS = leritical
lavg Min. Cereep

2.2 35 Critical Gradient %84 Terzaghi & Peck (1948)

Un.e. 1948 Terzaghi & Peck 3AT189N15IMaTUHILUINTINATY
wannamans figatladnainszduiingafiganisesn (Exit Point)
AeEun1si 3 WeanaszAuuINMYANIseanilAganInaInsEa U

Ingm uansirdimanduldldnaziin Boiling duvieti [4]

i, = I—:, (3)

il i, e mmzﬁuﬁﬁﬂqm (Critical Gradient), ¥, fa %uaw

Yminasesueshuduse (Buoyant Weight of the Saturated
Soil) uaz ¥, 7o wihemiinvesh (Unit Weight of Water)

Tufile Design Standard No 13 ¥83 USBR [5] lawugiian

Snsndunnuvasnsefivensuld (Alowable Factor of Safety) ¢

Boiling $Muyngiil anaunsi 4 waza5199 2

FS = < @

lexit

18T Qpye P9 8 AsEAUUNTULUIRAS (Vertical Hydraulic
Gradient) UShiaugan1390n (Exit Point) 339zldainnisiasizins

nady

A5199 2 dnsrduvanndengensulane Boiling

yiinvaadou Allowable F.S.
Woulmi (New Dam) 4.0
Wewdufiinisdesuss (Remedial Repair) 4.0
Wowdniifioguds (Eisting Dam) 3.0
WWoudtiigrusnd findesioTafigane 208925

2.3 35msuUsuun Critical Gradient

HANSVAAEUN1SIMaluN1aTY (Upward Flow) Tudesufjifinis
vosnIdevanevinu 1wy lula.A. 2007 Perzlmaier et al léiauas
ANUTULAINANNITYRA Terzaghi & Peck LiemAaaszduuIingn

Feaunsh 5 [6]

i, = (0.7 to o.&“"”ﬁﬂ ®)
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Tne@l 1 fe awwgu (Porosity), Vs e wihethudnuaada

Ay (Unit Weight of the Particle)
2.4 uyui1899n 18789 Schmertmann (2000)

Tuda.A. 2000 Schmertmann ALIUAIINARBUMIBRUUT 1A
AeaIN (Physical Model) udanu3n ausumuresiudildfining
Weuuusensinadu (Maximum point gradient, [pme) AuUSHY
Andudszansauaianeveafingu (Uniformity Coefficient, C,,)

VBIAUFIUIIN ﬁnLLamﬂugﬂﬁ 6 Farn lpmt WINENNST 6 [7]
lpme = 0.05 % 0.183(C,, — 1) (6)

lnef C, AoArduUszansauainauevesdnnumilaain
deo/ds0

a da & a

nduAudiien ¢, doonin 6 iWunduiuiifidafuauiniieanas
fu rldnsBainzseniadeiudesias fdesinann efithlua
Furiu disdulianmnsainizdaiulad Swihlidefugnitanleiie

NTUTUUA Lppme wielsinsetuauinae (Prototype) Tagnas

a a s o =
Wi]’lim’]WTi’]aJLmaiﬂ\ﬂ,‘uaun’ﬁ% )

} _ (€pCLCSCKC2CyCa)ipme
(lpmt)Corrected - Cr )

Tnedi

ipme = Maximum point seepage gradient needed foe
complete in The flume test based on the soil coefficient of
uniformity

Cp = Correction factor for (D/L)

C, = Correction factor for total pipe length L

C; = Correction factor for grain size

C, = 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

C, = Correction factor for high-permeability under layer
Cy = Correction factor for density

C, = Adjustment for pipe inclination

Cr = Correction factor for dam axis curvature

D = Depth of piping sand layer, in direction

perpendicular to @ (m)
Ih = Direct (not meandered) length between ends of a
completed pipe path, from downstream to upstream exit,

measured along the pipe path (m)

1i2 N - 3 : :
i 1 1
ooy 8 sy
1
R e e o e
e
: : 1 1
1.0 -~ J S e 17T " 7
1
: ] | : 6 !
1 1 1 1 3
R e e aas
E 0 = 1: E E E
o2
285 OB ey R
) ‘O‘J = no. in 'n 'I :
E o 8 tables 1,2, 3 8_ ]_ 2
T SO 07 ~+4-~-~ e dl ----- : s :-
Eocil i . i i
o £ g i i 1 !
< o= i T [ l__1_ _l __________
S0l 05 3 1 P H
ES2 RS
gE .9 : ] < 1 1 o
EZp OS5 g/ S S
< — 1
e | L
f O 5 04-f----- e EE R Fomm e
A=15] i | '
g .
= 03— --=-q-f--q-——-~ L P ro===m=====-
1 ] 1
: ) I
I ) 1
0.2 4% -~ -- 4 --—-- P e
. A S N .
: "
(R e e BT + 71 Delft tests
! ! * 37 UF tests
' ! x 7 other tests
B i l T T T
1 3 4 5 6 7

Sand coeff. uniformity Yeo =C,
dio

#1417: Schmertmann (2000)
FUN 6 NI AIWENTUESEWINAT [y UBE €y

Ardnsidruninuvasnds (Fyy) ldarnnisiisuiitsuriu
Hydraulic Gradient (ifx)“l,éfgwﬁm%auﬁamlm Felusunisii 8
uen iU Schmertrann Idugihednsdunnuasasdoiiiign
(Minimum for Factor of Safety) fisausuls dqﬁuagizﬁdama%a
MslIATR (Reliability) [8] fawansluasned 3 Tenavesnisldidh
UAREITAU %Lﬁaﬂlﬁmmgmwuﬁau il Reliability 90%  dmdu
Woudlszuusznienh (Fitter)  dau 95% vise 99% axlddmiuidou
Alaifisruusznneh wazdiinnsandesziunansenuanmsitives
Feusiude

Fpp = (il’mt)fw ®)
fx

Taeil (ipmt) correctea P® Critical Gradient fivsuufaugn
uay i, Ao Hydraulic Gradient V3nialsigruideudiyn x (den

Fuvianen i 1niige)
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M13197 3 inaueiAndndIunulaensieidgafivensuls Jusgsyau

3

a wal

TonmavesmisivRluiintu

RELIABILITY =
[1-p(F.S.<1)]
90% 95% 99%
Minimum for maximum single 2.6 32 4.8
value of Fyy
Minimum for average value of 1.4 1.7 24
fpx over L = Fp

wneng: By omnzdmsunslelysunsy Finite Element
Fp (BEEMTUNITUSEUIMUUSETY

v v

gLiudnitnnsnsieasufinadundresdu Liun1snsiaaeu

o

gnsdrunNulasndeneduvanaunaddina (Limit Equilibrium)

YDIBII FINUTUNDUNNTSUAUVDINTAIRESRUNGU

3. nsMANEN

o

Wouyauu suasszidiiu suneasys Jminuassivdun Ju

= a & o =
LWDUAUNULUBLAET (Homogeneous Dam) ANgsanTanUszuia

v
o '

327 Wwins Aueduileu 880 was Fudeudieguugiusin
azneunsglilasihiane Ussnoudetuiumieatunse (Silty Clay)
watunswasSeadauunans (Fine-Medium Sand) Aunsnadusu
WHutug fuanduguit 7 Tuwvuteadauansnisuulsduiugiu
nifedafunisivadu Tnensuenegruvendevlinieenluf
wileth aeludaideousidunses Chimney Drain way Blanket Drain
wiaudngs Relief Well unasuiisdiiietsssurstuazan
Anuduih

Touide 23ms [9] e3une Wouyavusidumsneairudaiada
Tuideungaineuline. 2532 udasuiuiedusndaedna. 2532
dlotuil 4 Weumanaw 2532 Usinandlusnafiuihussana 20 d1u

anuamuns Iiuduegesingi Wesinmglvudeudsuazlaa

Y 3

Mianunang Jueenideanie JwhliiAndunnunlulunguiiya
Twiuil 22 gaay w.a. 2533 Ysunauilug1e Siiauinduds 131
Sugnuiaiiues seduingtuegsIng biAanissdulugai
1 (nu. 0+856) Uassszuisisuineadeuduginssvundu
. ¢ o =~ 3 \ & =
BugudnansUsEn 0.15 was dnvusdveniilvansesnyiud

H | ~ & °
U1a1a9u Ungnaunsirgdgdusenuitduaiuiuuin

&

adlugun 8 wansdnuwuzdealadiuyiguiniiui$rsenunain

Rockfill Toe

o A

AN 2 (NU.0+475) ATULUAIATNETDU VUIAVBIFTILEY

q

NuANgNaNsUTENNN 0.12 lWAs nuagnauiunsglnalusenuiu

Y
nduduauunn lumendsldiianisgudivesiuaudidouadua

o

lulanumesidu Mlvvsinanmddlvanioanuiag1s3uuss an
Wasas inlaunsaudluissiuuagnganisiiduvesunnyaild

°o &
GRIE!

dAonssuUgwna:gausan

717l 2 - qaFadl 1 - Sta. 0+856 s=ALT luaaanaIngfagananssiu
n&9184 Rockfill Toe - Fuil 24 RatAN 2533

5UN 8 Yaalindnuinetnaniif 1 vesdeuyavuiintulul wa. 2533

n1snsrdeunIsinIzdaundu windunisimsziineu
UFuUsatou wagvasUsuusadeulnemsiiuiwneiivinludugiu
570 (Cutoff Wall)  Tumsiasiziladenunididn nu.0+838 1udn

i a '3 = ' 9 Y a & A
wnuildlunsimsginisinada insgineglndusiugnsai 1 uae
finan1sdrsrassdingngiusndaau sedviinldlunisinsey
Wiy +220.42 w.smn. Fadusziuin e Tuil 22 fanau wa. 2533

drunuanUAdiauduiivesiukasiulaondainnsuvalseniu

a a

[10] wagAneninusvesrsial Yaumeuns [11] Inewdena Expected

Value 1nl4lun153ms1en fepnanududfldlunsiwszvidinsu

)

Wouyauuuandfslun1sen 4 dwsuanuanuvuiniuyesian

Augrusinleu lnudeyananisnageunsundaiu lun1sinsen

3991989A1 Typical Value vesanumuninvesiungneudinney

1nlglunsaeses

v oA

719199 4 Ananuduildlunsieseidmiudeuyauu

7
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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.
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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 : N15LAR0UAITDIAULLAADIUDN, N1TATIVADUDIATT

Ground movement Maesalongnok, building inspection
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Famariluswando- 18 (N-S) Tneuus AA” Huwwanm
finanenessaiinefinariulndsuiuiitiuen annm
FAvaamesIaiineede iy WuIdnvaEsIEINen
Tassasslufiufidnuaieaes Sadunguiuuds fufiud
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aa 1 =3 a a '3 1 aa =
ssalinenszyInduiuilaladvesndussalinen SDph) &
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nAdou ASTM D6528 wanuia3esilonavgunsaldssud 8
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syt Tnemsiismtinnauuseainaydossolining
suthaneioenauun (Consolidation) wdh3snsevinis
LHoUMIBE19AEERTISINULATINUR ﬁu’qﬁ%uagiﬁumﬁ
$1909801MNT5Y VBN VLS o Uf0E e d1wsunis
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szninadaiu (Cohesion, ¢) uavAyuusudunnIuely
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ussBawmilen wnusadeanunely
syniradinfu seniadinfu
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(6) nsRIENgUE1IIR

AUNTR1EraudEN5I3 (Drilling Hole) Ui
fanfuduualiilituewdeiinnulasndsldifisms
Tuituiidne Suauiluiias 1 MRUANE KAN5R1EENTI9
anansauanafaguil 9 liledmanarAnwiananTin il
Senssulldinumumnudn asdiidutuiuasdiiuns
WzluuLUNa1s (Wash Boring) wieuffun1siiufied1siu
wuuldmsanin (Disturbed Sample) AaEnsEUBNHIUN
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(6.1) NARIZTAITIAUNUNTIUFURAS OW-1
AUANUBINAUDNE 25.95 RS @usakUstuRusenduy

SranssuUgwnazgausin

34U Autuil 1 aninuadlufesyduanudnyssanm
11.00 was Wudunsevuiumiden (SO) ududaduliu
na19 (Loose to Medium Dense) fiAnAuunusTsud
(Wn) 12.4-24.6% aiinatnal (LL) 38.5% ArNAANaIaRn
(PL) 21.6% wazAdalwaradn (P) 17.0% Auduit 2
wueegliRutui 1 adld wundseanm 1.50 was
Fudunzneutumae (ML) LL%amﬂﬁqm (Hard) fifnanudu
AIUSTIUVIA (Wn) 24.9% AriAaLad (LL) 48.9% Ane
wanamn (PL) 32.4% uagasuiinaadin (Pl) 16.4% fu
fuil 3 wuneFegisEAuANNANYSEAIN 12.00 11T
aufatuvauiany \WudunmeuuAungnou (SM) utuann
(Very Dense) S uTunLsTsIE (Wn) 11.4-18.4%
lifinundunanadin waziiu unsnadufianudn 16.50-
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AUANVINRULAIY 25.95 LIAT ansauU Uy
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MudIRU wafulunauie OW-1 fiewiuuninaieg
vetnadunzneumyiiuGan wafulunguiaty OW-2
fanumunsodeslinumlaiuunsndluiaiuy
naifungnoumaiuagiuanfunisegfuil uenaniu
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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
2014 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)
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WE BUILD
WHAT YOU DREAM

WE FOCUS ON SOURCING FOR THE MOST EFFICIENT AND
THE NEWEST MACHINES/EQUIPMENT AND TECHNOLOGY IN
THE CONSTRUCTION INDUSTRY.

SYNTEC CONSTRUCTION | www.

synteccon.com
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EMS CONSULTANTS CO.,LTD.
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115.02-248-2775-6 uilnd: 02-248-2777 www.emsconsultants.co.th

CONSULTANTS

EMS consultants is one of the Engineering Consultants Companies in Thailand and a specialist in all kinds of
commercial developments and renovation — office, condominiums, hotel, hospital, retail, education, recreation
& leisure, factory & warehouse. Since the establishment in 1990,the company has provided engineering design
services and construction management for various kinds of clients both in public and private sectors. During
the running, the company has delivered more than 50 projects including the high-rise building. Under the well-
known records and long experience staffs, the company is ready to provide services both inside and outside
Thailand. .

FIELDS OF SERVICES

Design
- Structural Design
- Electrical Design
- Sanitary & Fire Protection Design
- Mechanical Design
- Related Design

Construction Consultants
- Project Management
- Construction Management
- Cost Management and Quantity Surveying
- Construction Supervision

Our Expertise
- Residential Building
- Hotel and Resort
- Hospital
- Education
- Commercial Building
- Factory and Industrial
- Special other Building
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“BNN DESIGN AND CONSULTANT CO.,LTD.

Soil Boring and Testing , Surveying , Geotechnical Structure and Slope Protection Design
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Bang Chak, Phra Khanong
10260 Bangkok - Thailand
Tel. (+66) 02-042-5503
email: info@sisgeoasia.com
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Asia Pacific Co., Ltd. www.sisgeoasia.com
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Inclinometer Casing Digital Inclinometer Systems Tiltmeters Digital El Beam Tiltmeters
Crackmeter & Jointmeters DEX & Digital IPI inclinometers  Borehole Rod Extensometers H-Level Settlement System
Resistive and VW Piezometers VW Strain Gauges Total Pressure Cells DMS Wireless System

Your Asia’s Geotechnical Instrumentation Partner
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Civil And Structural Engineers Co., Ltd.

CASE

CIVIL AND STRUCTURAL ENGINEERS Co., Ltd
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CONTACT : www.agiinstrument.co.th TEL : 0970404933
sales@agiinstrument.co.th FAX : 025780380
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MEGATECH CONSULTANTS CO.LTD.
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..4———-H-NI'QUE ENGINEERING AND CONSTRUCTION PUBLIC COMPAMY LIMITED
0-2582-1888 / EMAIL : IR@UNIQUE.CO.TH / WWW.UNIQUE.CO.TH
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Cal & F J..JIJ.J.J homEngineering Co., Ltd..

“The Geotechnical Expert”

Lam Plai Mat Dam
Nakhon Ratchasima

ABOUT US
Geotechnical & Foundation Engineering Co., Ltd. (GFE) is a member of TEAM Group, Thailand’s largest

conglomerate of consulting companies. Established in 1993, GFE offers professional services within the region
by highly experienced team of geotechnical engineers, geologists, civil/structural engineers and specialists in
various fields. We are prompt to offer the best-possible services to clients throughout the national and
international public and private sectors.

OUR SERVICES

+ Geotechnical and Geological Investigations
< In-situ and Laboratory Testing .
<+ Feasibility Study/Tender and Detailed Design ‘
% Construction Supervision

«» Research and Development

% Geotechnical/Dam Instrumentation
%+ BIM

QUR EXPERTISE

<+ Hydropower and Dams

% Highways and Railways

< Tunnels and Underground Structures
# Geotechnical/Dam Instrumentation
++ Slope Stabilization

% Foundations

%+ Flood Protection System

CONTACT US
151 Nuan Chan Road, Nuan Chan, Beung Kum, Bangkaok, Thailand 10230
www.gfe.co.th, Tel: +66 2 363 7723, Fax: +66 2 363 7724, Email: contact_gfe@gfe.co.th

aN GFE

M e Geatechnical Expert
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and a leacﬂng enterpnse for
overseas nvestment in energy
and related business.”

0 J ECT 0 HYDROPOWER @ i operation

OUR F

287 MW 480 MW @ i oevelopment

O COAL-FIRED POWER

1,320MW

CDAL MINING 45Mt/yr.

CAREEIYZB AW/ 1,800* MW (Within 2026)

NAM NGIEP 1

POWER COMPANY

HYDROPOWER

adaro.



STS SOILTESTING SIAM

www.soiltest.co.th www.soiltest.co.th

“The Leader in Advanced Testing Equipments Supply”

usSun gasandadvdsnu Ina
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Concrete Pan Mixer

www.soiltest.coth www.soiltest.co.th
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® Panel ® Akus Wall

® Thermal

QR Code
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05 : +66 2 260 8700 — 2
wilnd : +66 2 2592690

ua : sales@ttnthailand.com
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HBulwd : www.ttnthailand.com




STS Group

“30VVIUNQEDU...Q0Y STS”

T Environmental Services

&P | Pile Testing

_—

-

.| | Geotechnical
‘r{" j Services

Quality Assurance
pAA | Infrastructure Survey&Testing

> ;@)q:i Structural Testing & [

| Assessment

Geotechnical |
nstrumentation S &=

|

HHITE

IN ENGINEERING SERVICE CONSULTANTS"

| sTS Group | €3 STSGroupTH | www.sts.co.th |
196/10-12 Soi Pradipat 14, Pradipat Road, Phayathai, Phayathai, Bangkok 10400 T: 02.270.8899



PIPELINE CROSSING ENGINEERING
(THAILAND) COMPANY
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PIPELIME CROSSING
ENGINEERING COMPANY

Wehsite hittp /S wawnew poethailand cam

Email: pipelinehdd_frank@163. cam

Phone: (+66)-0829813308 v

1 Typical Project—5TP HDD7 Project ction rmance, ¥ Typical Project—5TP HDD11 Project
in Thailand in Thailand

T

Typicarl-Project—r' :
NFPT Project-in-Thailand

(\) HDD Brief Information: 600m /42 inch/ Steel Pipe/ Granite Rock Stratum

o
"/ _Praject Infarmation: Chonbur , STP Project in Thalland

AN
</ HOD Rig: GO-6000L, The maximum pullback force is 600 tons

{\) Con. Duration - 2018/3,/18- 2018/06/15, total B9 days

£ Owner: PTT , Cantractor: SINOPEC
o

Drilling Tools

Horizontal Directional Drilling (HDD)
E g and Construction

ngineering and

Drill Pipes

Reamer for Rock

Reamer for Soil

Website: http://www.pcethailand.com Phone: (+66)-0829813308
£ pipeline crossing engineering (thailand) co., Itd. Email: pipelinehdd_frank@163.com
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[Goulku Ins. 089-851-1460
1Gousie Ins. 089-851-1458
dw Ins. 088-003-4984
wurulan Ins. 081-707-9522
unsalssA Ins. 089-433-2796
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Sounsiuas Ins. 081-583-0386
oysen Ins. 089-896-5307
wnen Ins. 094-249-9581
as:Us Ins. 089-896-5265

s:v00 Ins. 086-899-8478
Us1Aauus Ins. 089-896-5275
a:1Boins Ins. 086-899-8485

mald

nifin Ins. 081-537-6919

K10fknd Ins. 089-736-5154
gs1unsst Ins. 081-867-0650
UASASSSSUSTY Ins. 065-502-5221

mAn:3usanIdgulkio
vaulnu Ins. 062-149-3614
unss1saUT Ins. 063-225-7990
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KORANIT CONSTRUCTION CO., LTD.

18 OYSWANMI 60 1N 6 (FUEU 6) NUUSIWANKY IVOIAIHLIN IVAUWN:U NSuNw< 10240 ST

18 Soi Ramkamhaeng 60 st.6 (Suenson 6), Ramkamhaeng Road, Huamark, Bangkapi, Bangkok 10240 BUREAU VERITAS v
Certification MANAGEMENT

Tel. 0-2735-1020 - 8 Fax. 0-2374-2251 E-mail: koranit@koranit.co.th http://www.koranit.co.th

SYSTEMS
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THE PATHUMTHANI CONCRETE CO., LTD.
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Jack In Pile

4) 4|

Pure Drive _Green Pil

"”;_'-.IEN\IIIIIIMENTM[Y
FRIENDLY

PILING INNOVATION

Jack In Pile FC-PTG

POCA ewock 4>

Size: 600x200x75 mm ,5an|:|] . S ‘

The Innovative light weight concrete block [

% Precast Concrete Products

0 02-587-0198-200 @ admin@paco-group.com o @pacopile

1339 Arwan Building Pracharat Sai 1 Rd., Wongsawang, Bangsue, Bangkok 10800

" Prestressed Concrete Spun Pile

Size: 250 mm to 800 mm

Prestressed Concrete Square Spun Pile
Size: 400 mm, 450 mm

Prestress Concrete Square - Shaped Pile
Size: 150 x 150 mm to 525 x 525 mm

Prestressed Concrete |-shape pile
Size : 180 x 180 mm to 500 x 500 mm

WWW.paco-group.com
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IQ SYSTEM CO.,LTD.

“USNISIIKUNEY TKIEI azeoniuutusulnsuAgunuusuUdkin (Load- usun TeAd SaiNu 911A
supporting Scaffolding) uavands:=inAINIKa Lj\]é']UIﬂS\]F‘];'IElJ_U Tnsu 7/3 5.a70NS=UV 42 I1Ivovannns:=uy
uansgusunoulaone Avluds:nAINTKalazkateUusanAnolan wiu IVRa1mns=0d nsuinw< 10520
msnmaouoe’m‘m\mﬁonssuha ﬂm:oﬂonssurjﬁams UKISNU1ay () 02-326-9265, 090-961-3134
INUnNsA1ans Nands1drnssulusa na:dins1:Kodanlnoani1dudve : . .
_ : . : = igsscaffolding@gmail.com
dnuaAans na:inalulagnrkuds:inAlng”

€ www.igsscaffolding.com

USYN goMA dIPUAT 9NA -
usun 2lo 319UB 91NA Hirg

Geotechnical
Engineering

7/3 6.a1ANS:=UY 42 11IVaya1ANS:uv
IVRaIANS:UJ NSUINWS 10520

(D 02-326-9265, 062-872-9551 () suwadee.eandc@gmail.com

“usnisAmAvIIUS:UUZIUSIN TAsuastadounuAauwy Sheet Pile Bnlwa IUUASUDUIS
Nulponuuiuidoodw Buidus:=aunisniuio1ouiuuinnon 10 U nasumamnouds:=gnsnaw

nazAruNTwyNunonoIudaonne unnsgauaina ”
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Geotechnical Engineering Research & Development Center Kasetsart University
www.gerd.eng.ku.ac.th




