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SESSION 1

STUDY ON TOPPLED VEHICLES
IN THE 2016 KUMAMOTO EARTHQUAKE, JAPAN

ABSTRACT

Kumamoto earthquake M7.3 hit southern Japan on
April 16, 2016. Extensive damages on structures were
concentrated in the areas where the rupture exposed to the
surface. We found many vehicles toppled on the site during
damage survey in Tateno and Kurokawa area. Seismic
response analyses of car are executed to find out the
scenario of toppling condition. Relationship of lateral peak
ground acceleration (PGA) associated with toppling under
several conditions are presented. Relationship of amplitude
of vertical component, dominant frequency of the input
wave and phase difference of lateral to the vertical wave are
presented and formulated as ground motion characteristics
of the earthquake. Cars toppled during Kumamoto
earthquake were analyzed using the seed ground motion
recorded in KMMH16, NIED K-Net station in Mashiki town,
data available nearby of the epicenter, having the highest
PGA. Suzuki Every Wagon was selected for analysis. The car
got toppled when the PGA is 14.17 m/sec? in 10.86 seconds
as scaling factor is 2.654 for lateral component, keeping the
vertical components unchanged.

KEYWORDS: 2016 Kumamoto earthquake, Strong ground
motion, Toppled vehicle

DR.JUNJI KIYONO
Professor, Department of Urban Management, Graduate
School of Engineering, Kyoto University, Japan

Email: kiyono.junji.5x @kyoto-u.ac.jp, corresponding

author
Tel: +81-75-383-3249

DR. RISHI RAM PARAJULI
Lecturer, Institute of Engineering, Tribhuvan University,
Nepal

Email: rishiramparajuli @ gmail.com

1. Introduction

Earthquake might not be noticed when the level of
shaking is in lower range while the running vehicle itself has
certain accelerations in it. However, excessive shaking in
forward, lateral and vertical directions result the unusual
behavior of vehicle as response of the shaking. Drivers’
responses during the earthquakes in Japan (M7.7 Nihon-kai-
chubu earthquake, 1983 and Mé6.7 Chiba-ken-oki
earthquake, 1987) were studied based on questionnaire
survey (Kawashima et al. 1989). That survey conducted in
Akita prefecture and Chiba prefecture respectively where
the seismic intensity level was of V in JMA scale (JMA 1996).
Most of the drivers (65% and 43.3%) stopped their vehicle
where 50% of the drivers noticed the earthquake upon the
vehicle behaved unusual. Following the M7.0 Miyagiken-oki
earthquake in 2003, a study on drivers’ response in relation
with JMA intensity was conducted (Maruyama and
Yamazaki 2006). It found that only 40% of the drivers
recognized the earthquakes of JMA intensity less than 4.0 in
contrary 80% recognized and reacted during higher
intensity of shaking.

Junji Kiyono, Rishi Ram Parajuli

Studies related to vehicle responses are not intensive as
compared with other safety aspects. Seismic response
analysis on the stability of running vehicles was studied in
2002 using the six degree of freedom system vehicle model
(Maruyama & Yamazaki, 2002). Vehicle with constant speeds
of 100 kmph and 120 kmph were analysed under five
different earthquakes (Kobe, El Centro, Tottori, Mexico and
Chiba-ken-oki). This study revealed vehicle responses are
depend on the ground motion characteristics as the long
period dominant ground motion result the higher
responses of the vehicle. This method could not well define
the condition of stationary or parked vehicles. We
previously proposed CPLM method for seismic response
analysis of vehicles (Parajuli & Kiyono, 2016). The method
can be used in the cases of stationary and running
condition of vehicle where the model was validated with
response of the stopped vehicle during Gorkha earthquake
2015 having long period ground motion in Kathmandu
(Parajuli & Kiyono, 2015). The method well explained about
the response in longitudinal and lateral directions but
rotational motions were left as previous studies. Vehicle
response and risks associated with location and speed
during the earthquake, running on the elevated structures
were also studied (Parajuli, Kiyono, & Yatsumoto, 2017). This
study is now focusing on the analysis of toppling condition
and mechanism of the vehicle with a car model.

2. Earthquake and toppled vehicles

2.1 The 2016 Kumamoto Earthquake

April 16, 2016, M7.3 earthquake struck in Kumamoto of
Kyushu region in Japan at depth of about 12 km. The main
shock followed the two major foreshocks of M6.4 and M6.5
in 15th and 14th. At least 49 people lost their life with tens
of thousands moved to the evacuation centers where
thousands of structures got collapsed. JMA seismic intensity
due to the main shock was recorded up to 6.5 in Mashiki
area at station KMMH16 (NIED, 2016b), about 7 km far from
the epicenter. Tateno area in Kumamoto, about 26 km NE
from the epicenter was hit by the large landslide, triggered
due to the earthquake shaking. Structures in Kurokawa,
adjacent to Tateno area were also severely damaged where
rupture line exposed to the surface. A1 in the Figure 1
shows the Tateno and Kurokawa area where the fault slip is
in range of 4-5 meters and the corresponding values on the
surface is in rage of 3-3.5 m (NIED, 2016a).

During the survey in Kurokawa area we found some
cars (C1 - C5) toppled on the site due to the earthquake
ground motion. The high speed train (TR1) and normal JR
train (TR2) shown in Figure 1 were also derailed at nearby
Kumamoto station and Akamizu station respectively. We
used the google earth map that updated post-earthquake
to find the more cases where we found a truck (TRK) and a
car (C6) in Tateno area got toppled on April 16. Locations of
all the toppled vehicles and their direction of toppling are
also shown by red arrows in Figure 2 along with the rupture
line. All of the vehicles toppled toward main rupture line
(fault normal direction) except one car that toppled in fault
parallel direction. Such phenomenon is localized in the
distance of about 100 meters from the line of rupture that
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exposed to the surface in Kurokawa area. An example of the
toppled vehicles is shown in Figure 3. All of the cars toppled
are registered with yellow plate that denotes the light
vehicles.
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Figure 1: Fault slip distribution (NIED, 2016a)

Figure 1: Locations of vehicles toppled and toppling
direction with surface rupture lines

Figure 3: Toppled vehicle in Kurokawa area

2.2 Vehicle model

Car model is same as the model used by (Maruyama &
Yamazaki, 2002) in their analysis. Total weight of the vehicle
is 1200 kg where the wheel base and trades are of 2.635m
and 1.505m. Vehicle parameters and notations used in the
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analysis are shown in Table 1. Figure 4 shows the simple
vehicle model with six degree of freedom, three
translational motions with rotational motions rolling,
pitching and yawing along X, Y and Z axes. Mass of the car
body is taken as m, where each tyre has mass m;. Horizontal
ground motions are transferred from ground to the vehicle
using the spring and dashpot system of single degree of
freedom model. Vertical motion is defined by the double
degree of freedom system. Quarter vehicle model with tyre
and body of car is used for the up down response of the
vehicle using the equation of motion.

Table 1: Parameters of the vehicle models

Parameters Value Unit
Tyre mass m; 25.00 kg
Vehicle mass m, 1100.00 kg
Length: front wheel - CG Is 1000.00 mm
Length: rear wheel - CG I 1635.00 mm
Height of CG h 350.00 mm
Length: right - left axel d 1505.00 mm
Stiffness for rolling K, 117.60 kN m
motion
Elastic constant of Kt 48.50 kN m/r
steering
Spring const.: tyre- k1 800.00 kN/m
ground
Suspension spring Kz 70.00 kN/m
constant
Tyre damping C1 0.098 kN s/m
Suspension damping C2 4.90 kN s/m

Figure 2: Vehicle model showing all translational and
rotational motions

3. Analysis

Translational and rotational motions except the rolling
motion in the analysis followed as specified in CPLM
method. Previously proposed CPLM method is not sufficient
to define the toppling condition. Here we introduce the
angular momentum method in calculation of rolling angle
when the vehicle tilted enough to take load by right or left
tires only. Rolling motion of the vehicle that does not start
toppling is similar as specified in the previous study. A
simple model for rolling analysis is shown in figure 5 where
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d is the trade, h is the height of the CG, 6, is the angle from
lower corner to CG, 0 is roll angle. When we analyze the
parked vehicle, we supposed it with locked brake that the
rolling of tyre effect is null. Coefficient of friction, maximum
steering angle and maximum radius of turn are taken as
specified in previous study. We do not consider the super
elevation, camber and the gradient of the road.
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Figure 3: Vehicle model to analyze the rolling motion in
toppling condition

Vehicle toppling mechanism starts when the vehicle
load initiates to transfer to ground through the tires in one
side. Considering the up-down component of the ground
motion, threshold value of the lateral acceleration a: to start
the toppling mechanism of vehicle is given by Eq.(1).

_dlg—1%)
%= "on )

Where g is the gravitational acceleration and d’z/dt® is
the vertical acceleration. Total angle @ including the rolling
angle and 6, is calculated for location of CG in each step as
shown in Eq.(2). Changes in angular momentum due to the
vertical and lateral accelerations are calculated by using the
Eq.(3).

8. = (8, +8;) @)

AL = MR[3#sin(8,) ¥ {{g — %) cos(6,) ] 3)

Where AL change in angular momentum, M is is total
mass of the vehicle, R is the distance from bottom corner to
the locus of CG (AO in Figure 5). Lateral acceleration and
velocity of the vehicle are denoted by d%/dt?and dy/dt.
Sign of vertical component of momentum in Eq.(3) is
depends on support condition of vehicle. When we
consider the left bottom corner as the support and the
lateral acceleration is anticlockwise, negative is used and
vice versa. Summation of angular momentum in each step
of calculation is now used to find out the linear velocity of
body in lateral direction centered on lower corner by Eq.(4).
Eq.(5) shows the calculation of change in rolling angle.

"

‘T RM 4
v+ dt

AB =

R (©)
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BHl = Bi + AB (6)

When the rolling angle reaches /2, the vehicle toppled
on the side.

3. Vehicle toppling in Kurokawa area during Kumamoto
earthquake

Target areas where the vehicles got toppled are
Kurokawa and Tateno, about 26 km far from the epicenter.
Toppled vehicles are registered with yellow plates those
licensed as light cars (under 660 CC). We select a model
SUZUKI Every Wagon as the sample car in this study (Car
sensor Lab, 2016). The total weight of the vehicle is 950 Kg,
wheel base is 2.35 m, rear and front treads both are equal of
1.28 meters. Total length, breadth and height of the car is
3.395m, 1.475 m and 1.87 m respectively. Ground clearance
of the car is 0.145 m but we could not found the exact CG
location of this car. CG of the vehicle is variable with
rotational motion, it has higher variation when subjected to
the pitching than in rolling motion(Hejtmanek, Blatak, &
Vancura, 2015). Height of CG of Skoda Yeti car is 0.5642 m
and 0.714 min rolling and pitching where total height of car
is 1.671 m with ground clearance of 0.18 m (Hejtmanek et
al., 2015). Ratio of height of CG to body height is 0.3784
excluding the ground clearance when subjected to rolling
motion. In case of SUZUKI Every Wagon, configuration of
the car is different than the Skoda hence we suppose the
height of CG is 20% of height of car body excluding the
ground clearance. Now the total height of CG of the car is
0.490 m and b/h ratio is 2.612. We estimate the lateral PGA
to topple the car using the regression coefficients stated
previously in section 4 and from the analysis using our
method.

Recorded ground motions are not available in
Kurokawa area hence we use the most likely ground motion
in the analysis as seed ground motion. NIED has dense
network of ground motion recording stations in Japan.
KMMOO5 is the nearest station from the epicenter located in
about 5 km. The highest PGA recorded was in station
KMMH16, about 7.6 km far from the epicenter, near the fault
in the Mashiki town. PGA recorded in KMMH16 are 11.57,
6.53 and 8.73 m/sec? in EW, NS and UD components (NIED,
2016b). This station is about 18.7 km far from the site
(Kurokawa). Locations of the NIED stations, epicenter and
Kurokawa area are shown in Figure 1.

We found from the geological map that the Mashiki
area has the similar geological condition with Kurokawa
area. Fault slip distribution of Kumamoto earthquake is
shown in figure 1. Fault slip in Kurokawa area is about 4-5
meters when the value in Mashiki area is about 1 meter
(NIED, 2016b). Hence we used the ground motion record of
KMMH16 in the analysis with amplifying factors to get the
condition of vehicles to be toppled. We transferred
recorded ground motion to the axis of fault parallel and
normal supposing the strike angle of fault is N40°E, PGA
values now changed to 12.2, 5.34 and 8.73 m/sec?. Ground
motion in fault parallel, fault normal and vertical directions
in left, with the corresponding Fourier spectrum in right are
shown in Figure 6.

Vehicle toppling mechanism initiates in the section of
ground motion with peak records, we select the time
window of 10.3-10.94 sec and find the phase difference and
dominant frequency. Figure 7 shows the lateral and vertical
components of acceleration and corresponding Fourier
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spectrum. Dominant frequency of lateral component is
about 1 Hz where vertical has around 10 Hz, phase
difference of the lateral and vertical component is 5.146
radian.
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Figure 6: Ground motions recorded in KMMH16 and
corresponding Fourier spectrum after transferred to the
fault parallel and fault normal axes
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Figure 7: Acceleration and Fourier spectrum of the lateral
and vertical components in peak time window of 10.3-10.94
seconds of recorded ground motion in KMMH16 from left to
right

1500

When the vertical amplitude is 8.73 m/sec?, phase
difference 5.146 radian and dominant frequency of 1 Hz,
PGA to topple the car is just 4.64 m/sec’and 31.13 m/sec?
for dominant frequency of 10 Hz. Here in Kurokawa, cars
were in parking area so p is taken as unit but we have to
find ps as dimensional scaling factor. Dimensional
parameters d/h ratio is 2.612 and weight is 9.5 KN. ps for
dominant frequency of 1Hz is 0.61 and 0.69 for 10 Hz.

PGA required to topple the car is 2.83 m/sec’ when
considering dominant frequency of 1 Hz and 21.48 m/sec?
for 10 Hz. PGA value to topple the car in smaller frequency
with higher vertical amplitude is very small as it consider
the same frequency of vertical component. Resonance of
the lateral and vertical component is not likely to happen
hence we take the average of these two values to introduce
the threshold PGA to topple the car is 12.155 m/sec?.

Now, we use the seed ground motions in the analysis,
keeping the vertical component constant. The car got
toppled when the PGA is 14.172 m/sec? in 10.86 seconds as
scaling factor is 2.654 for lateral component. Fault normal
ground motion used in lateral and fault parallel in
longitudinal direction of vehicle. When we use the smaller
scaling factors then the vehicle starts to tilt in one direction
after it crosses the threshold to start toppling but later it
comes back to the stable position. Roll and pitch angles
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under the different PGA of seed ground motion are shown
in Figure 8. When the PGA value of seed ground motion
reaches 13.35 m/sec?, it has maximum tilt in 10.48 seconds
and it comes back to stable position. Figure 9 shows the
conditions of the vehicle in different time corresponding to
PGA 13.35 m/sec?. Figure 10 shows the conditions of the
toppled vehicle in different time.
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Figure 8: Rolling and pitching angles of the vehicle in the
time window of 7.34 to 11.00 seconds duration A) roll angle
and B) pitch angle in response for PGA of 13.35 m/sec? and
Q) roll angle and D) pitch angle in response for PGA of
14.172 m/sec? of seed ground motion
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Figure 9: Toppling of vehicle in response to PGA value of
13.35 m/se2 of seed ground motion with timestamp
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Figure 10: Toppling of vehicle in response with PGA of
14.172 m/sec? of seed ground motion with timestamp

4. Conclusions

Vehicle analysis has done by solving equations of
motion of the vehicle to make clear the toppling condition.
PGA required to topple the vehicle depends on the
dominating frequency together with the amplitude of
vertical acceleration and phase delay. Analysis of toppled
vehicle during Kumamoto earthquake in Kurokawa area
near the Minami Aso bridge suggested the PGA value of
fault normal is about 14.172 m/sec?, 2.654 times in reference
with the Mashiki area. From the calculation using the
ground motion and vehicle parameters with regression
coefficients provided in this study threshold PGA to topple
the car in Kurokawa area is 12.155 m/sec?, around 10% sort
of result from analysis. Evidences of large slip and surface
rupture along with the damages to the buildings in that
area could agree with this level of ground shaking in that
area.
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Abstract

Located in the territory of the Southern Vietnam, the Ho
Chi Minh City has been recognized as a low seismicity area
for a long time. However, the seismic threat has really
became a concern of the city community since 2005, when
two off-shore earthquakes of magnitudes M=5.1 and M=5.5
occurred at the distance of 150 km southeastward the city
had shaken many high-rise buildings in the city, causing
panic from the public. In the consecutive years, earthquakes
of medium magnitude were continuously occurring in the
southeastern continental shelf of Vietnam until the end of
2012. In addition to this fact, the World's experiences on
damage and loss during recent earthquakes have
demonstrated the need for conducting seismic risk
assessment for Ho Chi Minh City for disaster management
purpose.

Starting from the year 2000, a methodology of urban
seismic risk assessment and loss estimation suitable for
Vietnam was developed and applied to several megacities of
Vietnam. Together with the methodology, a GIS-based
software called ArcRisk was also developed to help
implementing different stages of the seismic risk assessment
and loss estimation procedure.

This paper presents the results of applying the
methodology to assess the seismic risk and estimate losses
for the downtown districts,covering the 1t, 34, 4%, 7" and
Nha Be districts of Ho Chi Minh City. The scenario
earthquakes have been created using the knowledge on
seismotectonic characteristics of the Ho Chi Minh City and
surrounding region and the damage and disruption caused
by them are estimated. In addition to the information on
engineering geology and hydrogeology, the building
inventory and demographic data of the study area have been
collected for use. The resulting "loss estimate" is presented in
terms of maps showing building damage and casualties at
different levels and at different times of a day.

The results of urban risk assessment show a realistic
picture of damage and loss in Ho Chi Minh City that may
result from future earthquakes. The estimates of damage and
human impacts due to earthquakes can help the decision-
makers at local, regional and national levels in:

1. Mitigating the possible consequences of earthquakes;

2. Anticipating the possible nature and scope of the
emergency response needed to cope with an
earthquake-related disaster, and

3. Developing plans for recovery and reconstruction
following earthquakes.

Key words: Urban Seismic Risk, Geographic Information
System, Decision Support System.

1. Introduction

Ho Chi Minh City is the largest city in Vietnam by
population. As for the 2016 statistics, the city covers an area
of 2,095 km? with 8,441,902 inhabitants. The city is also an
industrial, cultural, science-technological center of the key
economical regions of the Southern Vietnam. From the risk
aspect, Ho Chi Minh City is therefore vulnerable to any type
of natural disaster.

Located in the Southern Vietnam, Ho Chi Minh City has
long been recognized as an aseismic area. Observation data
shows a low level of seismicity in the whole territory of South
Vietnam, where all earthquakes recorded with magnitudes
not exceeding 5.5. Within the city’s boundary, since 2006, a
newly established seismograph station network has only
recorded small events with magnitudes not exceeding 3.0.
However, the low level of seismicity is not the only decisive
factor of seismic safety for a region. For Ho Chi Minh City
community, the transmission of shaking from distant
earthquakes of medium or higher magnitudes, or the site
effects caused by local ground condition under seismic load
might be a reason for significance threat. In fact, the weak
ground beneath the city could be a reason for the
amplification of ground motions caused by local and
regional earthquakes. The shaking that shook high-rise
buildings in Ho Chi Minh City in 2005 are vivid evidence of
the transmission effects, as they were caused by two off-
shore earthquakes of medium magnitude (M=5.1 and
M=5.5), with epicenters located 150 km southeastwards the
city. After 2015, a swarm of small and medium earthquakes
were continuously occurring in the continental shelf of
Vietnam. The shakings of these earthquakes were trembling
the high-rise buildings in Ho Chi Minh City, causing panic in
public and emphasizing the warning on an existing
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earthquake threat. Seismic hazard and urban risk assessment
for Ho Chi Minh City has therefore became not only a social
issue, but really an urgent need in the new situation.

This paper presents some preliminary results of seismic
risk assessment and loss estimation for a downtown area of
Ho Chi Minh City, covering the 1, 3, 4, 7 and Nha Be districts.
The work has been implemented during the period from
2008 to 2012 within framework of the scientific research
projects [9, 12]. Coupling with existing knowledge on
engineering geology and seismicity of the study region
(including the new observation data), the application of GIS
technology allows developing a powerful tool for
quantitatively risk evaluation and loss estimation if a strong
earthquake occurs. The results show a realistic portrayal of
the level and spatial distribution of damage and loss in Ho
Chi Minh City caused by future earthquakes.

2. Methodology and technique used

The first research idea on urban seismic risk assessment
was started in Vietnam since the year 2000. In order to
develop a methodology suitable for Vietnam, many
Worldwide existing methodologies have been considered [2,
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3, 4]. In 2003, the first methodology on urban seismic risk
assessment and loss estimation (from here referred to as the
Methodology) was developed for Vietnam based on the
modification of the HAZUS's methodology and applied for
the Hoan Kiem district, downtown of Hanoi [6, 7]. In the
following years, with the implementation of a number of the
scientific research projects on this direction, the Vietnamese
methodology has  been  continuously  improved,
standardized and applied for different urban areas, including
the biggest cities of Vietnam as Hanoi, Ho Chi Minh City and
NhaTrang [7, 8,9, 10, 11].

Fig. 1 illustrates the framework of the Methodology as
applied for urban seismic risk and loss estimation in Vietnam.
Only two elements at risk are targeted by Methodology,
which are buildings and people. The Methodology is
implemented through two stages, namely: 1) Seismic hazard
assessment and 2) seismic risk assessment. The seismic
hazard assessment stage includes two modules, namely a)
Ground motion assessment and b) Ground failure
assessment. The seismic risk assessment stage includes two
modules, namely a) Direct Physical Damage to buildings and
b) Casualties.

1. SEISMIC HAZARD ASSESSMENT

Ground motion assessment

Ground failure assessment

v

Direct physical building damage

Casualties

Figure 1. Framework of the Urban seismic risk assessment and loss estimation methodology in Vietnam.

The Methodology has been coded into a user-friendly
software (called ArcRisk), that can be run in the ArcView GIS
environment. Figure 2 shows the steps that are typically
performed in a procedure of urban seismic risk assessment in
Vietnam. Each step shown in the Figure 2 corresponds to an
analysis module of ArcRisk, where the numbered boxes
correspond to 5 analysis modules of the system. As indicated
by the arrows, the steps are interdependent, i.e. outputs of
some modules are used as input to others. The procedure
starts with definition of a study area, which follows
administrative boundaries such as city, district(s) or ward(s)
limits. Then, a scenario earthquake, which is an earthquake

with predefined magnitude and location, is defined for the
study region. On the basis of existing data on seismicity,
seismotectonics, engineering geology and local site
conditions, the ground shaking is assessed for the study area.
The ground motion characteristics obtained then are used as
input data for assessment of ground failure due to
liquefaction and landslides during earthquake. Finally,
information on vulnerability of elements at risk such as
demographic and infrastructure data can be used in
combination with the ground failure outputs to evaluate risk
and to estimate losses for the study area.
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ArcRisk has been verified and validated through many
research studies on seismic hazard assessment in Vietnam.
Not only a powerful risk calculator, the software can be used
as a decision support system in seismic risk management
strategy of megacities in Vietnam [7, 11]

1.Define a study area:

o City earthquake:
e District(s) o Fault’s parameters
o Ward(s) o Earthquake’s

2. Define a scenario

y

3. Ground motion assessment:
o | -
o PGA
e SA

v

4. Ground failure assessment:
e Local site effects

o Liquefaction

e Landslides and settlement

o Displacement

5.Risk assessment:
o Building damage
e Casualties

e Other losses

1

e Demographic and inventory |
data H

i

1

1

o Vulnerability
e Other data

Figure 2. A procedure for urban risk assessment and loss
estimation

3. Dataused
3.1. Existing data

Data used for seismic risk assessment and loss estimation
for Ho Chi Minh City has been collected from many sources,
part of which comes from the previously published scientific
research projects, covering such related fields as seismology,
geophysics, tectonic and engineering geology, civil
engineering. The extents and details of datasets are different
denpending on the study purpose. The collected data can be
grouped into the following datasets:

1) Tectonic and active faults data.

2) Earthquake data.

3) Engineering and hydro-geologic data.

4) Building inventory and demographic data.

5) Administrative and social-economical data.
3.2. Survey data

During implementation of projects, field trips have been
conducted with two different purposes. To assess the
ground failure, detail seismic survey has been carried out to
obtain the Vs values in the study areas. Fig. 3 shows the
distribution seismic survey points and boreholes in the study
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area [9, 12]. On another hand, taking into account the fast
change of the urban infrastructure of the cities in Vietnam,
field trips have been organized to investigate the current
construction situation and to update the building inventory
data within the study areas. In results, the attributes of
building data were added into the GIS database and linked
with spatial data to be used in the building damage
calculation. The survey data shows five most typical
structures of building in Ho Chi Minh City (Fig. 4). Specific
symbols were assigned to each building type according to
the classification given in the Methodology [5, 14].
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Figure 3. Distribution of seismic survey points and boreholes in

the study area.
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Figure 4. Typical building types in the urban areas of Ho
Chi Minh City: a) Few-Floor (C3M); b) Many-Floor (C3H); c)
High-rise (PC2H); d) Industrial (S1L, S2L); e) Residential (C1L,
URML) and f) Low-rise (RMTL).

4. Assessment of ground motion for Ho Chi Minh City
using scenario earthquakes
4.1. Seismic source model

A quantitative assessment of seismic hazard usually
bases on a seismic source model, which is predefined for the
study area and can be used to simulate the process of energy
release and seismic wave propagation during an earthquake.
Although the seismic source model is applied in both
probabilistic and deterministic seismic hazard assessment, in
this paper only the latter case is discussed.

In order to assess the ground shaking for Ho Chi Minh
City region, a seismic source model was constructed, using a
database of the seismically active faults defined Southern
Vietnam [9, 12, 15]. The faults are grouped in two ranks,
depending on their depth of active layers and magnitude
thresholds. The faults systems are simplified and digitized as
single polylines in a GIS environment, and linked with their
attribute data. There are two types of faults attribute data
stored in the database. The first type is the descriptive
information, including fault name, fault rank, type of faulting,
main direction, total length, etc... More important attribute
type is the fault parameters, which can be used directly to the
hazard calculation as maximum moment magnitude, surface
and subsurface rupture sizes, dip angle, etc...

A fault source model was developed for Ho Chi Minh City
using active faults database and the relationship between
earthquake magnitude M and rupture length L proposed by
Wells and Coppersmith [17]:

Log(l)=a+b.M m

where L is the rupture length (km) and M is the moment
magnitude of the earthquake; a and b are regression
coefficient, determined for different types of faults.

Fig. 5 illustrates a seismotectonic map of Ho Chi Minh City
and surrounding region, used for construction of the fault
source and the areal source models for seismic hazard
assessment of Ho Chi Minh City.
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Figure 5. Seismotectonic map of Ho Chi Minh City used for
construction of fault and areal seismic source models.

4.2. Scenario earthquakes

The seismic source models were used for creation of
scenario earthquakes to be used for urban seismic risk
assessment and loss estimation [13]. A scenario earthquake
is the event, most likely to have to occur in the future, and
with predefined parameters. In another words, scenario
earthquake is a simulation of an event in the past for
predicting the effects of a future event. The scenario
earthquakes were created for Ho Chi Minh City on the
following assumptions:

1) Earthquake originated on one of the active tectonic
faults which crosses through or nearby the urban area.

2) For fault ruptures, the closest point on the fault to the
site is taken as the distance.

3) For areal source zones, commonly the shortest
distance to the source boundary is selected as the distance.

4) For the zone that contains the site or for the
background source, the worst case would be to have the
earthquake occur right under the site.

Determination of parameters of seismic source is based
on the knowledge of the local seismicity and geologic setting
of the study area, which are controlled by the existing
seismotectonic regime of the whole country. This important
fact decides the accuracy of the source model used and
therefore allows creating so called a close-to-reality scenario
earthquake that likely to occur. In this study, two scenario
earthquakes were assumed to occur on the Saigon River and
Vam Co Dong River active faults (Fig. 6). Both events have
magnitude of 5.5 and focal depth of 12 km. The parameters
of these scenario earthquakes are presented in Table 1.
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Figure 6. Epicenters of scenario earthquakes with magnitude
M=5.5 assumed to ocur in the Vam Co Dong River fault and
Saigon River fault (the pentagons).

Table 1. Parameters of the scenario earthquakes used in
seismic risk assessment for Ho Chi Minh City

11.00

10.8

10.60

| 1040

Epicenter Focal
dinates depth,
N° | Scenario Fault M. coordina km
name
Long Lat
1 | Q47NB_VC | Vam 55 | 106.62 | 10.59 12
Co
Dong
River
2 | Q47NB_SG | Saigon | 5.5 | 106.78 | 10.80 12
River

4.3. Scenario-based assessment of ground shaking

Ground shaking caused by an earthquake at a given site
can be calculated using empirical relationship between
ground shaking parameters, earthquake magnitude and
source to site distance. Such empirical relationship, also
called the attenuation law can be expressed in the following
general form:

Y=aeMRe 2)

where Y is one of the ground shaking parameters, M is
the earthquake magnitude, Ris the source to site distance, g,
b and c are spatial dependent contants.

Figs. 7a and 7b show the PGA maps caused by two
scenario earthquakes in the 4", 7*" and Nha Be districts.
Shaking attenuation is clearly reflected on both maps, with
highest values of PGA observed near the epicenters areas.
The shaking caused by the Saigon River scenario earthquake
is in the range of 0.05 to 0.15 g, while the Vam Co Dong River
scenario causes the PGA values in the range of 0.05 to 0.14 g.

10
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Based on the shake maps, one can conclude that the local
shakings with maximum intensity of VII-VIIl on the MSK-64
scale can be expected in the study area. Even the far most
from epicenters areas could be impacted by the VI grade of
the MSK-64 intensity scale.

The PGA maps were calculated for the rock site, which
corresponds to the site of class B according to the NEHRP

(a
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Provisions [2, 3]. To obtain the reliable shaking values for the
study area, the site effect assessment was conducted,
considering the local impact caused by geological setting,
ground water level and some other site conditions.
According to the Methodology, amplification of ground
shaking to account for local site conditions is based on the
site classes and soil amplification factors were used following

the 1997 NEHRP Provisions.

Figure 7. Distrribution of PGA in the 4", 7 and Nha Be districts caused by the Saigon River scenario earthquake (a)
and the Vam Co Dong River scenario earthquake (b).

The Methodology amplifies rock (Site Class B) PGA by the
same factor as that factor for short-period (0.3-second)
spectral acceleration, as expressed in the following equation:

PGAi=PGA. Fai (3)

where PGA; is peak ground acceleration for Site Class i (in
units of g); PGA is peak ground acceleration for Site Class B
(in units of g); and FAi is the short-period amplification factor
for Site Class | for spectral acceleration.

5. Estimation of building damage in Ho Chi Minh City

In this study, only structural building damage due
to ground shaking is considered. To estimate the building
damage for in Ho Chi Minh City, the Methodology uses the
model building types developed by FEMMA with some
modification [2, 3, 12]. Table 2 lists the most popular building
types which can be found in downtown area of Ho Chi Minh
City, as illustrated in Fig. 8.

Table 2. Classification of the most popular model building
types in Ho Chi Minh City [14]

NO Building Common Description of |Structure
usual name | functionality structure code
Concrete
Hospitals, frame with
1 Few-floor apartment unreinforced (&)Y}
buildings. masonry infill
walls, Mid-Rise
Concrete
Hotels, frame with
2 | Many-floor offices, unreinforFeQ C3H
apartment, masonry infill
hospitals. walls, High-
Rise
Precast
3 | High-floor | apartments, PC2H
concrete shear
hotels. )
walls, High-
Rise
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N Building Common Description of |Structure
usual name | functionality structure code
workshops,
4 | Industrial | exibitions, | SteelMoment | ) oy
. Frame
fairs.
Concrete
One or more
family moment
. . frame/ C1L/UR
5 | Residential | houses, -
Unreinforced ML
small shops
- masonry
and services. -
bearing walls
Hospitals, are;r;:)%rrced
schools, - y RM1L,
6 | Low-floor bearing walls
banks, super - RM1M
with deck
markets. .
diaphragms

The process of scenario-based estimation of building
damage using the ArcRisk software is described below in
detail. Results of application of the Methodology for the 4%,
7 and Nha Be Districts, Ho Chi Minh City using the Saigon
River and Vam Co Dong River scenario earthquakes are
illustrated.

5.1. Construction of building capacity curves

The Methodology uses elastic response spectra (5%
damping) to characterize ground shaking demand. Response of
a building to seismicimpact is characterized by building capacity
curves. These curves demonstrate the pushover displacement of
each building type and seismic design level as a function of
laterally-applied earthquake load. Following the Methodology,
capacity curves of 36 building types were constructed with four
anti-seismic design levels and resided in ArcRisk.

5.2. Estimation of peak response of the building types to
ground shaking

The Methodology uses the capacity spectrum method to
estimate peak building response as the intersection of the
building capacity curve and the response spectrum of
ground shaking demand at the building’s location (demand
spectrum) [1, 2, 3, 16]. Figure 8 shows an example of the
capacity curve constructed for the low-rise unreinforced
masonry bearing walls buildings (URML) and the response
spectrums constructed for different site classess used in
ArcRisk [12].
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Figure 8. Estimation of peak response of the low-rise
unreinforced masonry bearing walls buildings (URML) building
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using ArcRisk.

5.3. Estimation of buildings structural damage states

Structural damage of a building under seismic load can
be expressed in the form of lognormal fragility curves that
relate the probability of being in, or exceeding, a building
damage state to a given demand parameter (the response
spectrum displacement in our case). Four damage states
considered in the Methodology are Slight, Moderate,
Extensive and Complete.

Each fragility curve is defined by a median value of the
seismic demand parameter (i.e., either spectral
displacement, spectral acceleration, PGA or PGD) that
corresponds to the threshold of the damage state and by the
variability associated with that damage state. The spectral
displacement, Sq, that defines the threshold of a particular
damage state (ds) is assumed to be distributed by:

Sa= Sd,ds .Eds (4)

where Sd ds is the median value of spectral

displacement of damage state, ds, and &4 is a lognormal
random variable with unit median value and logarithmic
standard deviation, Bs. The conditional probability of being
in, or exceeding, a particular damage state, ds, given the
spectral displacement, Sd, is defined by the function:

P(dsls) = & [ in (S )] (5)

Bas Sa,ds

where Sd ds is the median value of spectral displacement

at which the building reaches the threshold of damage state,
ds, Bas is the standard deviation of the natural logarithm of
spectral displacement for damage state, ds, and @ is the
standard normal cumulative distribution function.

ArcRisk includes the Sd,ds and Bas values pre-defined

for each building type used in the Methodology and for all
damage states. Figure 9 shows the plot of capacity curve and
damage-state medians for mid-rise concrete frame with
unreinforced masonry infill walls buildings (3CM) produced
by the ArcRisk software.

Results of calculation at any point in the study area can
be viewed in the form of a graph showing discrete
probabilities of being in each of the five following damage
states: None (KO), Slight (NH), Moderate (TB), Extensive (NG)
and Complete (HT). Figure 10 shows a graph of damage
states calculated for the low-rise reinforced masonry bearing
walls with deck diaphragms buildings (RM1L) using ArcRisk.
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mentioned four damage levels in the 4%, 7" and Nha Be
districts due to Saigon River and Vam Co Dong River
scenarios, respectively. As can be seen from the tables, the
heaviest building damage caused by the Saigon River
scenario can be expected in Tan Thuan Tay ward of 7%

district, while for the Vam Co Dong River scenario, the
heaviest building damage can be expected in the Phuoc Kien
and Phuoc Loc of Mha Be district. Overall, majority of
building damage is expected in the 4" and the 7™ districts,
where the the density of buildings is higher than in the Nha
Be district. However, the highest level of building damage is
observed in Nha Be district.
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Figure 9. Estimation of damage states for mid-rise concrete
frame with unreinforced masonry infill walls buildings (3CM)
using ArcRisk.
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Figure 10. Damage states due to scenario earthquake
calculated for the low-rise reinforced masonry bearing walls
with deck diaphragms buildings (RM1L) using ArcRisk.

5.4. Mapping the building damage

The results of building damage estimation show
information about the level of damage to the study area’s
general building stock. ArcRisk calculates damage for groups
of buildings with the same structural class in terms of the
probability that a specific model building type will reach or
exceed a specific level of damage when subjected to a
certain level of ground shaking. ArcRisk automatically
assignes the building damage results to centroid point of
each building stock to used for the mapping. In results, a set
of building damage maps is created with layers displaying
probability of being in each of the five damage states: None,
Slight, Moderate, Extensive and Complete. The damage
probabilities can also be interpreted as the fraction of all
buildings of the same types that would be in the particular
damage state of interest. Figures 11a and 11b illustrate the
maps of building damage probability in Slight and Moderate

®)

Figure 11. Building damage in Slight (a) and Moderate (b) damage
states in the 4" and 7™ districts due to Saigon River scenario.

Table 3. Building damage by ward in the 4*, 7" and Nha Be districts
due to Saigon River scenario earthquake (M=5.5; h=12 km)

states due to Saigon River scenario earthquake in the 4" and District | Ward Slight Moderate Extensive \Complete

7% districts, Ho Chi Minh City. 1 1599 | 11.64 1.51 0.24
ArcRisk also produces the building damage results 4th 2 16.96 | 13.50 1.89 0.31

in the form of Reports. Tables 3 and 4 list the building 3 17.10 | 12.83 2.16 0.35

damage probability by ward, calculated for above 2 1652 | 13.45 171 030
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District | Ward [Slight |Moderate [Extensive |Complete District | Ward Slight Moderate [Extensive |Complete
5 17.03 | 14.11 1.93 0.33 9 12.78 8.88 0.69 0.11
6 16.19 | 12.19 1.58 0.24 10 13.99 9.52 1.04 0.15
8 17.92 | 15.90 2.36 0.34 12 11.89 7.59 0.56 0.08
9 16.57 | 14.60 161 0.28 13 1244 8.19 0.72 0.10
10 17.74 | 15.38 2.16 0.38 14 13.28 8.96 0.75 0.10
12 16.70 | 14.27 1.65 0.28 15 13.85 9.54 0.86 0.13
13 17.56 | 15.39 2.01 0.33 16 13.13 9.24 0.63 0.10
14 17.34 | 15.31 1.87 0.30 18 13.39 8.81 0.89 0.13
15 16.99 | 14.47 173 0.29 Tan

Quy 11.89 6.59 0.64 0.06
16 17.34 | 16.51 1.82 0.33 Ta
y
18 18.46 | 16.96 2.50 0.45 Tan
Tan D%l:]y 15.51 11.97 1.40 0.23
Quy 11.76 | 6.74 0.73 0.08 - o 9
Tay Y| 1488 | 1098 1.29 0.22
My
Tan Tan
Quy | 1585 | 1265 155 0.27 Thuan | 11.04 | 667 0.62 0.08
Dong
7t Phu Tay
M 17.21 | 14.63 2.02 0.37 Tan
Ta); Thuan | 13.41 9.26 1.00 0.16
Thuan | 17.02 | 16.64 3.02 0.51 DNor?g
Tay Bea 1760 | 1560 2.19 0.40
Tan Ph
Thuan | 17.45 | 15.84 2.32 0.43 X . 19.29 17.28 2.53 0.47
Dong Phuoc
u
g‘:a 14.45 | 10.36 1.13 0.18 Nh Kien | 2348 20.70 6.25 133
a
Phuoc
;H:n 1235 | 7.81 0.74 0.1 Be | |oc | 2216 | 2431 6.03 131
Nhan
E::‘oc 17.62 | 11.10 2.54 037 Duc | 2365 | 2366 660 148
Nha Long
Be Phuoc | o3 | 5oy 121 0.16 Thor | 2313 23.98 7.05 1.58
Loc Hiep
Nhan 1 4344 | 727 1.20 0.15 Phuoc | 2271 | 238 >78 1.24
Duc
Long
Thoi 1322 | 7.10 1.23 0.15
E;]zp;c 954 | 436 052 0.05 6. Estimation of casualties in Ho Chi Minh City

Table 4. Building damage by ward in the 4", 7" and Nha Be
districts due to Vam Co Dong River scenario earthquake
(M=5.5;h=12 km)

District | Ward Slight Moderate [Extensive |Complete
1 15.73 11.25 1.45 0.23
2 15.72 11.57 1.51 0.23
3 15.35 10.48 1.62 0.24
A4 | 377 | oas 1.00 0.16
5 14.14 9.79 1.13 0.17
6 14.05 9.42 1.06 0.15
8 14.80 10.52 1.23 0.15
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As a matter of fact, earthquakes have never caused
serious casualties in Vietnam up to now. Therefore, the
HAZUS methodology was adopted for use in deterministic
estimation of casualties for urban areas in Vietnam. This
section demonstrates a casualty estimation procedure
applied for Ho Chi Minh City using ArcRisk software. It is
assumed that casualties are caused by direct physical
damage of buildings due to earthquakes. ArcRisk uses all
results obtained from the building damage module as input
to the casualty calculation module.

6.1. Form of casualty estimate

The output from ArcRisk consists of a casualty
breakdown by injury severity level, defined by a four level
injury severity scale. Table 5 defines the injury classification
scale used in this study [2, 3, 12].
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Table 5. Injury classification scale

Injury severity Injury description
level
) Injuries requiring basic medical aid without

Severity 1 . e
requiring hospitalization
Injuries requiring a greater degree of medical

Severity 2 care and hospitalization, but not expected to
progress to a life threatening status
Injuries that pose an immediate life
threatening condition if not treated
adequately and expeditiously. The majorit

Severity 3 N .y. . P Y yorty
of these injuries are the result of structural
collapse and subsequent entrapment or
impairment of the occupants.

Severity 4 Instantaneously killed or mortally injured

6.2. Earthquake casualty model

Casualties caused by a future earthquake can be
modeled by an event tree as illustrated in Fig. 12. Each
branch of the tree is assigned a probability of occurrence.
Evaluation of the branching probabilities constitutes the
main effort in the earthquake casualty modeling. Assuming

that all the branching probabilities are known or inferred, the

probability of an occupant being killed (Puiied) is given as

follows [2, 3]:

Puilled = Pa*Pr + Ps*Pr + Pc*Ps + Po*(P*Ps + Pr*Px)  (6)
Event A Event E
SDa"‘a.i." Ocrupanis
fate {
I;\ Pl-j Killed
Event B Event F
Damage Occupants
]1“ State 2 PF Killed
Scenario | Event C Event G
Earthquake ] Damage Ocrupants
P | State3 P_ | Killed
C G
EventH Event J
| Without || Occupants
Event D By | Collapse p | Killed
| Damage
lsael TSR] o
|!I Collapse }TI\‘ Killed

Figure 12. Casualty Event Tree Modeling.

The expected number of occupants killed (ENoccupants killed)
is a product of the number of occupants of the building at

the time of earthquake (Noccupants) @and the probability of an

occupant being killed (Puited).

ENoccupants killed = Noccupants * Pkilled (7)

6.3. Population data

For estimation of casualties, the census data of study
area detailed to the ward level was used. Population in each

ward consists of the following main group:
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e Residential population
e Commercial population
e Industrial population

o Commuting population

The default population distribution provided by HAZUS
methodology was used to calculate casualties for the three
times of day for each ward [2, 3]. The following time options
are used:

e Earthquake striking at 2:00 a.m. (night time)
e Earthquake striking at 2:00 p.m. (day time)

o Earthquake striking at 5:00 p.m. (commute time)

These scenarios are expected to generate the highest
casualties for the population at home, the population at
work/school and the population during rush hour,
respectively.

6.4. Scenario-based estimation of casualties

For illustration, the casualties in the 4th, 7th and Nha Be
districts caused by Saigon River and Vam Co Dong River
scenario earthquakes will be presented. ArcRisk calculates
casualties at the ward level, and the output is aggregated
into casualty maps of study region. The reports on casualties
are produced as well.

Tables 6 and 7 list the casualty estimates by ward for
three times of day in the 4%, 7t and Nha Be districts, Ho Chi
Minh City due to the Saigon River and Vam Co Dong River
scenario earthquakes, respectively. Note that only casualties
at severity levels 1 and 2 are presented. Casualty maps due
to Saigon River scenario are illustrated in Figures 13 a, b, ¢, d,
eandf.

The following remarks can be made from the casualty
estimation results:

- Severity level of casualty due to earthquake in the study
area depends on the parameters of scenario earthquake,
such as magnitude M, distance from source to element at risk
(for example the distance from epicenter to study area). In
addition, building structure, anti-seismic design level,
construction age and population density can also directly
impact to the casualty estimation results.

- Both scenario earthquakes, having magnitude of 5.5,
can only cause casualties of 1 and 2 severity levels.

- The most severe casualties caused by Saigon River
scenario earthquake are expected in Tan Thuan Tay and Tan
Thuan Dong wards, 7th district and in 8th Ward, 4" district
(See Table 6). The Vam Co Dong River scenario causes the
most severe casualties in Nha Be town and Phuoc Kien, Nhan
Duc and Hiep Phuoc wards, Nha Be district (See Table 7).
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Table 6. Casualties by Ward in the 4*, 7" and Nha Be, Ho Chi 2h 14h 17h
Minh City due to Saigon River scenario earthquake (M=5.5; H=12 District Ward [[avel |Level |Level |Level |Level ILevel
km). 1 2 1 2 1 2
2h 14h 17h L 5 L 9 L 6 L
District | Ward [} eyel[Level |Level |Level | Level | Level 2 7 1 12 2 9 1
112 |1 ]2 ! 2 3 7 1 2| 2 | 9 1
1 5 1 9 1 7 1
4 6 1 11 2 8 1
2 9 1 15 2 1 2
5 5 1 9 2 6 1
3 9 1 16 2 11 2
6 7 1 11 2 8 1
4 11 1 18 2 13 2
8 8 1 14 3 10 2
5 8 1 14 2 10 1
4th 9 4 1 8 2 5 1
6 10 1 17 2 12 2
10 6 1 10 2 7 1
8 14 2 25 3 17 2
4 12 3 1 5 1 4 1
9 9 1 16 2 12 1
13 4 1 7 1 5 1
10 11 1 19 2 14 2
14 5 1 9 2 6 1
12 7 1 13 1 9 1
15 5 1 9 2 6 1
13 10 2 17 3 12 2
16 6 1 10 2 7 2
14 11 1 19 2 13 2
18 5 1 9 2 6 1
15 9 1 16 2 1 1
TanQuy| 0 7 1 5 0
16 13 2 23 4 17 3 Tay
18 | 13| 2 | 23| 4 16 3 TanQuy| . ) 21 3 15 2
Dong
Tan
Quy 4 0 8 1 [ 0 Phu My 7 1 13 2 9 1
Tay 7" Tan
Tan Thuan 4 0 6 1 4 1
Quy |13 ] 2 | 23| 3 16 2 Tay
Dong Tan
7" T\;‘“ 1l 2119 3 13 2 Thuan | 9 2 16 | 3 1 2
y Dong
Tan
Thuan | 15 | 2 | 26 | 4 | 18 3 NhaBe| 19 | 3 | 3 | 5 | 23 | 4
Tay PhuXuan 14 2 23 3 17 2
Tan Phuoc
Thuan 20 3 34 5 24 4 R 18 3 30 5 22 4
D Kien
ong ™
uoc
NBT‘ "m| 2 (18| 3| 13 2 Nha | | oo | 9 1 150 2 | M 2
Be
Phu Nhan
19 3 33 6 24 4
Xuan > 0 8 ! 6 ! Duc
Phuoc | o 1 4 | 11 | 2 8 1 tong |yl 2 | 23 | 4 | 17 | 3
Kien Thoi
Nha Phuoc Hie
p
Be Loc 2 0 3 0 2 0 phuoc | 12 3 34 5 24 4
Nha
Duc 3 0 5 1 4 0
Long
Thoi 2 0 4 0 3 0
Hiep
Phuoc 2 0 3 0 2 0

Table 7. Casualties by Ward in the 4", 7 and Nha Be, Ho Chi
Minh City due to Vam Co Dong River scenario earthquake
(M=5.5; H=12 km).
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Figure 13. Casualties in the 4*,7"" and Nha Be at severity level 1 d)

(a) and 2 (b) at 2 :00 due to the Saigon River scenario. ) o )
Figure 13. Casualties in the 4, 7" and Nha Be at severity level 1

(c) and 2 (d) at 14:00 due to the Saigon River scenario.
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(e) and 2 (f) at 17 :00 due to the Saigon River scenario.

7. Conclusion
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Since the year 2000, a Methodology of urban seismic risk
assessment and loss estimation was developed and applied
to several big cities in Vietham. A GIS-based tool called
ArcRisk, having function of a Decision Support System was
developed to fulfill the tasks of Methodology.

This paper describes some main results of application of
the Methodology for downtown districts of Ho Chi Minh City.
Based on updated information on earthquakes, tectonic
setting, engineering geology and hydro-geology of the Ho
Chi Minh City region, postulated scenario earthquakes were
created. Results of estimation of building damage and
casualties caused by the scenario earthquakes in the 1%, 3",
4t 7t and Nha Be districts are illustrated.

The Methodology and Decision Support System will
have important contribution to earthquake risk
management and loss mitigation for the cities located in
earthquake prone areas of Vietnam. The estimates of
damage and human impacts due to earthquakes can help
the decision-makers at local, regional and national levels in:

1. Mitigating the possible consequences of earthquakes;

2. Anticipating the possible nature and scope of the
emergency response needed to cope with an
earthquake/tsunami-related disaster, and

3. Developing plans for recovery and reconstruction
following such a disaster.
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EVALUATION OF GROUND STRAIN IN A SEDIMENT-FILLED VALLEY
WITH PGV GRADIENT

ABSTRACT

Since seismic ground strain near the boundary of
sediment-filled valley is predominant during an
earthquake resulting in the damage to buried pipeline,
its seismic response had been studied based on
analytical solutions and numerical calculations. Sakai et
al. showed that a new index called PGV (peak ground
velocity) gradient could explain the damage to a water-
supply pipeline well in a case study of the 2004 Niigata
Chuetsu earthquake in Japan. They also confirmed its
validity for the 1995 Kobe earthquake. By the way, the
ground strain and PGV gradient are different physical
guantities, and the theoretical relationship between
them is not yet clear. This study aimed to clarify the
relationship between ground strain and PGV gradient
using theoretical and numerical approaches for a
sediment-filled valley where the basement inclines
under sediment. This study adopted a theoretical
approach for a simple sediment-filled valley, making a
relation with the ground amplification function. In
addition, this study analyzed the ground responses of
several sediment-filled valleys using FEM analysis as a
numerical approach.
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1. Introduction

Lifelines are important infrastructures used in daily
utilities, communication tools, and transportation
measures. They are composed of line-shaped
structures and are generally constructed under the
ground. Therefore, lifelines are affected by seismic-
related ground displacements as well as by transient
seismic wave propagation during an earthquake. This
study focuses on the latter. The differential ground
displacement between two structures/parts caused by
seismic waves results in ground strain; and then, for
example the buried segmented pipeline have damage
by pulling out at a joint. Therefore, evaluating seismic
ground strain well is important.

To date, the seismic responses of surface waves in
sediment-filled valleys have been studied based on
analytical solutions and numerical calculations. Haskell
proposed an analytical solution for multilayer media
using a transfer matrix; this method for the SH wave
enhanced the method for the P and SV waves (1), (2),
(3). Aki and Larner proposed a wave number
integration-based method for determining the seismic
response of a layered medium with an irregular interface
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(4). Trifunac and Wong introduced a solution for the
surface wave of a semi-cylindrical alluvial valley for
incident-plane SH waves (5), (6). These studies focused
on the seismic wave itself and did not evaluate the
ground strain to estimate damage to a buried pipeline.

In a case study of the 2004 Niigata Chuetsu
earthquake in Japan, Sakai et al. (7) demonstrated that
a new index called PGV gradient could explain the
damage to a water-supply pipeline. They also confirmed
the validity of the PGV gradient for the 1995 Kobe
earthquake (8). PGV gradient is defined as the spatial
gradient of PGV at approximately 250 m intervals. Their
studies found that the PGV gradient describing transient
ground movement shows a good correlation with the
seismic damage to pipelines, which may be damaged
by axial and shear ground strains. Because PGV can be
calculated from the record of ground motion immediately
after an earthquake, in future it may be a useful index
for quickly estimating damage. It should be noted that
the relationship between ground strain and PGV
gradient was not clarified analytically in any of the above
studies. Ground strain describes the maximum ground
strain at a certain time during an earthquake, whereas
PGV gradient is the spatial difference in PGV between
two points, which might not be observed at the same
time as the maximum ground strain. Thus, ground strain
and PGV gradient are different physical quantities, and
the theoretical relationship between them is not yet
clear.

This study aims to clarify the relationship between
ground strain and PGV gradient using theoretical and
numerical approaches developed for a sediment-filled
valley with inclined basement. As mentioned above,
ground strain and PGV gradient are different physical
quantities and have different meanings in terms of
seismic ground response; thus, it is difficult to compare
them directly. Therefore, this study adopts a theoretical
approach for a simple sediment-filled valley, making a
relation between two indexes with the ground
amplification function. In addition, this study analyzes
the ground responses of several sediment-filled valleys
using FEM analysis as a nhumerical approach.

2. Theoretical formulation
2.1 Outline

In this section, the relation between ground strain
and PGV gradient on the ground surface is attempted to
make using a theoretical approach. Using a simple
sediment model, the expressions for ground strain and
PGV gradient are compared based on the two following
steps.

(1) Let the ground strain and PGV gradient to
make a relation theoretically with amplification function
H under limited assumptions: the ground strain is
denoted as |0H/ox|, and the PGV gradient is denoted as
d|H|/ox, where x is a horizontal coordinate.

(2) Clarify that |oH/0x| and J|H|/ox are
mathematically equivalent by developing an analytical
solution. Note that the case where an incident wave has
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a frequency near the natural frequency of the simple
sediment is considered.

2.2 Associating with ground
function

amplification

When a SH incident wave propagates from the
bottom of one-dimensional simple sediment (uniform
material, horizontal layering, etc.), the analytical solution
can be expressed in the frequency domain by the
Haskell matrix method. When the displacement of the
SH incident wave, up(w), and the response
displacement at the free surface, u(w), are given, the
ground amplification function H(w) can be expressed as
their rate as follows:

H(w) = u(w) [1]
Uo(®)
w- circular frequency.

where:

Consider the case where the amplification function in
the frequency domain can be given for a simple sediment
model, as in a one-dimensional ground response. The
ground amplification function can be denoted as H(x, w);
thus, it may not be constant horizontally in the x-direction.
The displacement on the surface, u(x, t), can be written in
the form of a reverse-Fourier transform as:

u(x,t):_r:c H (X, @ )us(w)e™ dw (2]

The ground strain & and the PGV gradient dPGV can be
respectively defined as:

f; GH(g;((, w) uo(w)eiwtdw‘ [3]

el

dPGV :%[mﬁx‘ﬁin(x,w)uo(w)e“"tde (4]

Thus, the ground strain is the spatial differentiation of
the amplification function, whereas the PGV gradient is
obtained by spatially differentiating the maximum value of
the integral of the amplification function with respect to
time. Therefore, the ground strain and PGV gradient cannot
be easily compared. The PGV gradient can be related to the
amplification function using the following assumptions.

(1) Assumption 1: Consider the amplification
function as a kind of frequency filter. Assume that the
ground response filtered by the amplification function has a
high amplitude near the natural frequency of the sediment.
The maximum ground response in the time domain is
determined from the amplitude near the natural frequency
of the sediment.

(2)  Assumption 2: Assume that jw, which is set to
express velocity, makes relevant shifts in natural frequency
toward the higher-order side. In particular, consider not
only the first mode but also the second and third modes.

Based on the above assumptions, the PGV gradient in
Eq. [4] can be expressed as

dPGV :ai\H(x,w)uo(wx (5]
X
When the input wave has a high amplitude near the

natural frequency of the sediment, the ground strain can be
expressed as follows:
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e = ‘Muo(w#
OX [6]

The right-hand term in Eq. [5] also describes the peak
ground displacement (PGD) gradient. If iw in Assumption 2
is not considered, the PGD gradient resembles an
alternative index for ground strain. In this study, the PGD
gradient and the PGV gradient are examined in the
following analysis, and the assumptions is validated by
numerical analysis. Here, we continue to examine the
characteristics of ground strain and PGD gradient based on
the two assumptions.

3. Analysis for theoretical formulation
3.1 Analytical model

The ground response analysis in the SH wave field is
demonstrated by the linear FEM. The sediment model and
its element geometry are shown in Figure 1. The
topography of the sediment and basement is the same as in
the model used in the theoretical approach, allowing us to
compare the solutions. The vertical boundary is located at x
= 20 m. The incident wave in velocity inputs from 20 m
depth from the surface. The sediment element is an
isoperimetric element with four nodes. The element size is
0.5 m in width and height, ensuring accuracy for body
waves with frequencies greater than 10 Hz. The analytical
model has a width of 1,020 m, of which 450 m is attached
on each side of the 120-m-wide target model to avoid
reflection waves. The wave velocities are 100 m/s for the
sediment and 300 m/s for the basement, and the respective
densities are 1,600 and 2,000 kg/m3. Rayleigh damping is
adopted to have almost 3 % of damping constant from 1.5
to 5.0 Hz. S-wave velocity and density of the basement and
Rayleigh damping of the sediment are different from the
conditions used in the theoretical approach.

The incident wave is a sine wave with a frequency equal
to the natural frequency of the sediment; cases range from
the first to the third natural frequency. The duration of the
input wave is 5 s with constant amplitude.

Depth{m)

9] 20 40 60 8 100
Length{m)
Figure 1: FEM model of a simple sediment-filled valley.
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3.2 Analytical result

Figure 2 shows the ground strain, PGV gradient, and
PGD gradient on the ground surface of the sediment. The
PGV and PGD gradients shown in Figure 2 are normalized
by the maximum values in the range of the target sediment
width from the vertical boundary to 120 m. For ground
strain, the axis is adjusted so that the maximum ground
strain has the same height as the maximum normalized
gradient (1.0). Figure 2 shows that FEM analysis provides
solutions for the gradients when the frequency of the input
wave is the same as the natural frequency of the sediment
(when the asymptotic solution cannot be obtained). Both
the PGV and PGD gradients have similar distributions. The
distribution of ground strain envelopes those of both PGV
and PGD gradients for all input frequencies.
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Figure 2: Distributions of ground strain, PGV gradient, and
PGD gradient obtained by FEM analysis at different input
frequencies . Normalized PGV and PGD gradient values are
shown.

Based on the FEM results, we compare the PGV gradient
and the partial differentiation of the amplification function
H. |oH/ox| and OJ|H|/ox are calculated as follows. The
amplification function H is obtained by identifying the
amplification rate for each frequency ¢ at surface points
with intervals of 1 m. The amplification rate at each surface
point is derived as the velocity response spectrum at the
surface point divided by the input velocity spectrum. The
natural frequencies of the sediment are taken into account
from the first mode to the third mode. Next, |[0H/dx| and
d|H|/ox are calculated by spatially differentiating the
amplification function H. Table 1 summarizes the |0H/0x|,
and Jd|H|/ox for each incident wave. The distribution of
d|H|/ox is similar to those of the PGV and PGD gradients
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in the FEM analysis. The distribution of |oH/ox| is
enveloped by the ground strain distribution. Therefore,
when the input frequency is equal to the natural
frequency of the sediment, the ground strain and both
gradients can be regarded as spatial differentiations of
amplification function H according to the FEM analytical
results.

Finally, the distribution shapes of the amplification
function H and its spatial differentiation are compared
between the FEM analytical result and the theoretical
solution. Their different point is that the wave shape
expressed in the PGV and PGD gradients of FEM
analysis cannot be obtained it in the theoretical solution
in the case of y = /2 and the amplitude of wave excited
from the vertical boundary attenuates toward the
distance in the FEM analytical result in the cases of @ =
3m/2 and w = 5m/2. These differences can be attributed
to the basement having S-wave velocity and density
along with Rayleigh damping of the sediment.

Table 1: Comparison of |0H/0x| and d|H|/ox obtained by
FEM analysis for the case where the incident wave
frequency is equal to the natural frequency of the
sediment
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4. Parametric study on the relation between ground
strain and PGV gradient

The previous sections dealt with the case where the
sediment model has a vertical boundary and a flat
basement and the frequency of incident wave is equal to
or near the natural frequency of the sediment. Several
conditions will be dealt with in this section through
parametric study, and the generality of the spatial
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distributions of ground strain and PGV gradient will be
found on the basis of FEM analysis.

In the previous section considered only the case
where a frequency of incident wave is equal to the
natural frequency of the sediment is given, such an
input is not actually given in the ground motion. When
the input wave in a wide frequency band is given, the
relationship among ground strain, PGV gradient, and
PGD gradient is examined. Then, the waves of the three
cases shown in Figure 3 were used as the input wave.
Each wave is composed in the frequency band of 0.1—
10 Hz and has a different frequency composition. The
phase is random. In Case 1, the velocity wave has
constant amplitude in the range of 0.1-10 Hz. In the
same frequency band, the acceleration wave of Case 2
and the displacement wave of Case 3 have constant
amplitudes. In terms of the Fourier amplitude of velocity,
the wave in Case 2 contains a greater long-period
component, and the wave in Case 3 contains a greater
short-period component. The wave in Case 1 has
constant amplitude. The amplitudes of velocities in
these waves are adjusted to 0.1 m/s at maximum.

©
e
«

z
E
)
>

-0.15

Time(s)
(@) Wave in Case 1

0.15
<
R LY. V.Y w
3 TN W AW
>

-0.15 T

0 5 10 15 20
~ Time(s)
(b) Wave in Case 2

0.15
Q
E o
2

-0.15 + T T T T

0 5 10 15 20

Time(s)
(c) Wave in Case 3
Figure 3: Input waves in the three cases.

Actual earthquake damage to a buried pipeline
concentrates on the sediment, beneath which the
basement inclines irregularly. In such cases, the ground
response changes locally. It is necessary to confirm the
analysis results for the sediment facing with irregular-
shaped boundary. Several sediment models with
irregular-shaped boundaries with the basement were
constructed, as shown in Figure 4. The relationships
among ground strain, PGV gradient, and PGD gradient
are clarified by FEM analysis. The sediment model used
in the above analysis is Model 1. The ground surface is
completely covered with the sediment, and the irregular
boundary with the basement changes the angles in
Model 2 and Model 3. The boundary between the
sediment and the basement inclines by 1:1 for Model 2,
1:5 for Model 3. The S-wave velocities in all models are
100 m/s for the sediment and 300 m/s for the basement.
The densities are 1,600 kg/m® for the sediment and
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2,000 kg/m® for the basement. The top of the slope
boundary of the basement is adjusted to 20 m from the
left of the sediment model. The sediment depth is 5 m
on the left side of the top of the slope and 15 m on the
right side. The natural frequency of the sediment is 5 Hz
on the left side and 1.66 Hz on the right side; these
frequencies correspond to the second and first natural
frequencies of the sediment for Model 1, respectively. In
this section, the influence of sediment irregularity is
examined by comparing the analytical results of ground
strain, PGV gradient, and PGD gradient, not by
comparing both gradients and the reference mode of the
amplification function.

Depthi{m)

100

0 80
Length{m)
(a) Model 1

120 140

Depth(m)
>
T

B0 80
Length{m)

(b) Model 2

140

Depthim)

Length{m)
(c) Model 3

Figure 4: Models of sediment with an irregular
basement.

The relationships among ground strain, PGV
gradient, and PGD gradient for Case 1 are shown for
the different models in Figure 5. The distribution of the
PGV gradient is similar to that of the ground strain near
the vertical boundary because it refers to the third mode
of the amplification function. The distribution of the PGD
gradient is similar to that of the ground strain far from
the vertical boundary because it refers to the second
mode. As shown in Figure 5, the ground strain
distribution envelops the PGV and PGD gradients. The
peak of the ground strain distribution moves in the
direction of the bottom of the basement inclination as it
becomes redundant. A clear peak cannot be seen with a
basement inclination of 1:5. As the basement inclination
becomes loose, the peak locations of the PGV and PGD
gradients do not match with that of the ground strain.
However, even in Model 3, which has a clear peak in
the strain distribution, the PGV and PGD gradients show
similar distributions to the ground strain.

Figure 6 shows the relationships among ground
strain, PGV gradient, and PGD gradient for the input
wave in Case 2. Because the input wave in this case
has a predominant long-period component (lower-order
mode), the PGV gradient refers to the second mode of
the amplification function, whereas the PGD gradient
refers to the first mode. The PGV gradient always has a
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strong relationship with the ground strain in the target
area.

The ground strain distribution in Case 2 is quite
similar to that in Case 1. Thus, the input frequency does
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Figure 5: Relationships among PGV gradient, PGD
gradient, and ground strain for the input wave of Case 1.
Normalized values of PGV gradient and PGD gradient
are shown.

not affect the ground strain distribution. The peak
location of the ground strain distribution moves in the
direction of the bottom of the basement inclination
according to the looser inclination. As the basement
inclination becomes loose, the peak locations of the
PGV and PGD gradients do not match well with that of
the ground strain. However, even in Model 3, which has
a clear peak in the ground strain distribution, the PGV
and PGD gradients show similar distributions to the
ground strain.

Figure 7 shows the relationships among ground
strain, PGV gradient, and PGD gradient for the input
wave in Case 3, which has a predominant short-period
component (higher-order mode). Both the PGV and
PGD gradients refer to the third mode of the
amplification function. The distribution shapes of the
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PGV and PGD gradients are similar to each other as
well as to the ground strain distribution. Furthermore,
the ground strain distribution in this case is similar to
that in Case 1. The peak location of the ground strain
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Figure 6: Relationships among PGV gradient, PGD
gradient, and ground strain for the input wave of Case 2.
Normalized values of PGV gradient and PGD gradient
are shown.

distribution moves in the direction of the bottom of the
basement inclination according to the more gentle
inclination. The peak of the ground strain distribution
cannot be seen in Models 3. On the other hand, the
PGV and PGD gradients have similar distributions in all
the models and show good correlation with ground
strain distribution.

The effect of sediment irregularity can be
summarized as follows from the above results. First, the
peak location of the ground strain distribution appears
near the bottom of the basement inclination. When the
basement inclination becomes gentle, no distinct peak
can be identified in the ground strain distribution. This
tendency is observed in all three cases. Thus, the
distribution of ground strain will become similar one to
the other, and is not affected by input frequency. On the



Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam

other hand, the peak locations of the PGV and PGD
gradients tend not to match that of ground strain as the
basement inclination becomes loose.
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Figure 7: Relationships among PGV gradient, PGD
gradient, and ground strain for the input wave of Case 3.
Normalized values of PGV gradient and PGD gradient
are shown.

5. Conclusions

This study tried to clarify the relationship between
ground strain and PGV gradient using theoretical and
numerical approaches for a sediment-filled valley where
the basement inclines under sediment. This study
analyzed the ground responses of several sediment-
filed valleys using FEM analysis as a numerical
approach.

Even when an input wave not localized to the
natural frequency of the ground is given, it was found
that the distributions of ground strain, PGV gradient, and
PGD gradient can be regarded as an index obtained by
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spatially differentiating the ground amplification function.
However, the modes referenced by both gradients are
different, it is necessary to refer to all natural frequency
modes included in the input wave.

The closer the slope of the basement, the worse the
correlation between the distribution shapes of the two
gradients and the ground strain becomes worse.
However, if the ground model has a slope of about 1: 5,
the correlation of the distribution tends to be maintained.
In addition, it was also confirmed that the influence of
the wave excited from the inclined base appears in both
gradient distribution near the boundary of inclination.
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APPLICATION OF SAR IMAGES FOR EVALUATING THE GROUND SUBSIDENCE IN
NAM SAI GON USING THE DINSAR TECHNIQUE

UNG DUNG ANH SAR DANH GIA LUN MAT DAT KHU VUC
NAM SAI GON BANG KY THUAT DINSAR

ABSTRACT

Synthetic Aperture Radar (SAR) images have widely
utilized in environmental monitoring as well as geological
hazards (subsidence, landslide,...), however, this is still a
quite new technology in Vietnam. Therefore, the main
purpose of this study is to introduce the DInSAR technique
and effects to SAR images analysis processing.

Nam Sai Gon has been selected as the study area, which
has been strong subsidence process due to geological
characteristic and urbanization. In this work, the SAR images
are collected from Sentinel-1 satellite and analyzed in open
source SNAP software through the Differential Interfero-
metric SAR (DInSAR) technique.

The results show the subsidence values in the 3, 6 and
12 months with the value from 0-10cm in 6 months and 2.5-
15cm in 12 months. Through the analysis of noise areas, the
results can be affected by the tide factor. For detailed
assessment, 28 sites of subsidence survey in the study area
were collected. This results indicate that the anomalous
areas (bridge, main road) have large subsidence.

KEYWORDS: SAR, Radar, DInSAR, SNAP, Interferonmetry,
Sentinel-1, Subsidence.
TOM TAT

Anh Radar khdu d6 ma téng hop (SAR) dudc sif dung
rong rai trong giam sat méi trudng cing nhu tai bién dia
chat trén thé gidi (Iun mat dat, trugt 13,...). Tuy nhién, day
van con la cong nghé kha méi & Viét Nam. Vi vay, muc dich
chinh clia nghién ctu nay la gidi thiéu cach ti€p can ky
thuat DInSAR va phan tich cac yéu t6 anh hudng dén qua
tinh xt ly hinh anh SAR.

Nam Sai Gon dugc chon la khu vuc nghién cuu, vi day la
khu vuc nay c6 qua trinh Iun manh do dic diém dia chat va
qua trinh d6 thj héa. Trong nghién clu nay, cac cdp anh SAR
dugc thu thap tu vé tinh Sentinel-1 va dugc phan tich trong
phan mén ma nguén md SNAP thong qua ky thuat giao
thoa khiu @6 mé& t6ng hgp vi phan (DINSAR).

Két qua cho ra gia tri Iin trong 3, 6 va 12 thang la tur 0-
10cm trong 6 thang va tu 2.5-15cm trong 12 thang. Théong
qua phan tich cac khu vuc nhiéu, két qua cé thé bi anh
hudng bai yéu t6 thay triéu. D& danh gia chi tiét, 28 diém
khao sat lun trong khu vuc nghién ctru dugc thu thap. Két
qua chi ra cac viing di thudng (ciu, cac tuyén dudng 16n) c6
gia tri lan I16n.

TU KHOA: SAR, Radar, DInSAR, SNAP, giao thoa, Sentinel-1,
ltn mdit dat.
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1. Introduction

Differential Interferometric Synthetic Aperture Radar
(DINSAR) using spaceborne sensors has become an
established tool for analysis of very small surface
deformations. This technique uses multi-temporal SAR
images taken at different times to analyze the surface
deformation (Tempfli et al., 2009).

It opens many applications in geology such as
monitoring subsidence, earthquake monitoring, landslide,
etc. Many scientists in the world have applied the above
technology to monitor subsidence, landslide such as
Przytucka et al. (2015) analyzed TerraSAR-X satellite images
by combining between the DInSAR conventional and
advanced methods to calculate subsidence in urban areas
in the Upper Silesian Basin with a difference of 7mm/yr. Gao
et al. (2015) used TerraSAR-X images to analyze subsidence
through the InSAR technique in the Beijing for the period of
2013-2014 with an average subsidence of -97.5mm/yr.
Fiaschi et al. (2017) used two stacks of Sentinel-1A scenes
acquired in both ascending and descending orbits to assess
the landslide vulnerability using the Permanent Scatterer
Interferometry (PSI) technique in Veneto, Italy with an
average speed of 7mm/yr. In addition, this technique has
been successfully applied to ground deformation in many
places such as Bangkok (Thailand), Tokyo (Japan), Shanghai
(China), Paris (France). (Trung, 2015).

Especially , in Ho Chi Minh City, Trung et al. (2008) used
the DInSAR technique to monitoring subsidence with an
average subsidence of -20cm in District 7 and Binh Thanh
District from 12/2003 to 5/2004, Dinh et al. (2015) estimate
the average subsidence of -8.0mm/yr and the maximum of -
70mm/yr in center city with the PSInSAR technique in the
2006-2010 period.

Nam Sai Gon has been selected as a research area, in
which the area for analysis is 7x10 km. This area (Figure 1) is
mainly located in modern sedimentary areas with two types
of topographic features: irregular alluvial ground and low
alluvial ground regularly flooded in Districts 7 and Nha Be
District. Therefore, it is still in the natural cohesion process.
(Nam, 2016).

In this area, the dense river systems divide the area into
small areas. The results of the analysis of the highest tide
data in the period from 1990 to 2016 at Nha Be station
(SRHC, 2017) indicate that that the water level fluctuations
have increased over the years with an average increase of
1.42cm/yr.
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Figure 1. Location map of Nam Sai

Nam (2016) has shown that the weak soil layer
thickness is very large and there is area up to 35m, and the
subsidence velocity is correlated with the thickness of weak
soil layer with the correlation coefficients r, = 0.7. According
to the surveyed status on National Highway 50 and Pham
Hung Street in the study area, some constructions in this
area have showed signs of strong subsidence around citizen
areas such as 1 Gia Hoa Residential on National Highway 50
(Figure 2a) with a subsidence of -19cm, Easter City Building
(Figure 2b) on Pham Hung Street has a subsidence of -
9.5cm.

b. Easter City Building
on National Hiahwav 50 on

a. 1 Gia Hoa Residential

Figure 2. Current status of subsidence in Nam Sai Gon.

In conclusion, the paper aims to introduce this
methodological approach and also shows the effects on
data analysis.

2. Methodology

2.1 Materials

In this paper, the radar images from the Sentinel-1
satellite were used to evaluate the ground subsidence in
Nam Sai Gon. The whole image area is approximately 20 km
% 30 km, see Figure 3, and Table 1 show information of four
Sentinel-1 SAR SLC images (SLC - Single Look Complex).

Table 1: Information of radar images (radar images, 2017).

Image
informa- Master Slave Slave Slave
tion
Date 25/12/ 17/03/ 09/06/ 24/12/
2015 2016 2016 2016
Polarisa- VV (Vertical transmission and
tion Vertical reception)
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b.SARSLC 1 (Sentinel-1A:
25/12/2015)

a.Ho Chi Minh City

c.SARSLC 2 (Sentinel-1A:
17/03/2016)

Figure 3. Sentinel-1 SAR SLC images.
(HCMC map & radar images, 2017)

2.2 InSAR and DInSAR theory

SAR Interferometry (InSAR) is a technique for handling
digital signals from at least two SAR images (or more) in the
same area at different times. The operation of InSAR is
based on the principle of extracting the phase variation
between two SAR images in the same area at two slight
different positions to determine the difference in the path
length of the radar waves (Duy, 2015). This relate to
important parameters such as terrain elevation, surface
deformation and atmospheric disturbance (Goldstein et al.,
1988).

If the surface deformation does not occur among the
two radar image acquisition systems, the phase values from
@1 and @, of the two radar images can be illustrated as
formula (Ferretti et al., 2007) follows:

2r. 2r 41
1 2
AP=Q._Q,—- —2n _—<£2n= —Ar (
p-0.-90, X x X (1)
2r—| 2I’2
where: BN 21 and 5 21 s the quantity causing

the delay.

The phase difference can have contributions from five
different sources:

(1) Agna is called flat Earth phase which is the phase
contribution due to the earth curvature.

(2)  A@elevation is the topographic contribution to the
interferometric phase.

(3)  AQuispiacement  is  the  surface
contribution to the interferometric phase.

(4)  A@atmosphere is the atmospheric contribution to the
interferometric phase. It is introduced due to the
atmospheric humidity, temperature and pressure change
between the two acquisitions.

(50  A@noise is the phase noise introduced by temporal
change of the scatterers, different look angle, and volume
scattering.

From the five sources above, formula 1
expanded to the following formula 2:

A(p = A(Pﬂat + A(pelevation + A(pdisplacement + A(pa[musphere + A(Pnuise (2)

Assume two images in the same condition, the
AQatmosphere aNd  A@noise  are eliminated and only three

deformation

will be



Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam

elements of the interfering phase in formula 3 (Ferretti et al.,
2007):

S Bn 4m

tan6 R A

where:

Bn: perpendicular baseline (&, in Figure 4).

R :the distance from the SAR sensor to the object (r1).

g : the difference between vertical objects in the vertical
direction.

s : the tension between adjacent objects is oblique.

Aq Bp 4m 4m

_ d
SO R A TN @

Ap=

z

ey
“x.x__/
elipsoid x
Figure 4. The geometry of the InSAR technique.
(Joughin et al., 1996)

Figure 4 shows the geometry of InSAR technique,
where:
Si: Master, S»: Slave, B :Baselineg, 6 : angle of incidence, 1y
and r; : the slant ranges from the antenna to the P point on
the ground, a : the angle formed by the baseline and the
nadir.
To determine the deformation component (subsidence
or outcrop), the altitude in the phase value was separated.
The technique is based on the elimination of the altitude
component in the phase value to determine the final
interference value called the InSAR Differential technique
(DINSAR) (Massonnet et al., 1993).
Displacement elements can be separated in two ways
(Trung et al.,2008):
(1) Using the digital elevation model (DEM), called
DInSAR using DEM.

(2) Use more pairs of SAR images, called multi-
temporal DInSAR. In the study, DInSAR technique
was applied to analyze subsidence in Nam Sai Gon.

2.3 DInSAR Processing

In the DInSAR technique, there are three important
factors in selecting SAR images: (1) two SAR SLC images
need to have a good coherence, (2) baseline (distance
between two antennas when photographing), and (3)
weather. The seven main steps of the processing can be
synthesized as follows in SNAP program:

(1) The images are complex images consisting of two
bands: a band containing amplitude information and a
band containing phase information (Dinh, 2006). It is
necessary to calibrate some pixels and select the study area
as well as the polarization (choose polarization VV for
subsidence).
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(2) The images are coregistrated with TOPSAR
Interferometry, in order to find the same image pixels on
the two SAR images and select the Master and Slave images
(SNAP guide, 2017).

(3) After the coregistration of the images, the image will
be debursted to create one single image since SAR images
from Sentinel-1 include many image swaths. Then, the
result will be cut to fit the study area.

(4) The combined SAR images are interfered by
multiplying the conjugate of each complex pixel of the
second image (Slave) together with the corresponding
complex pixel of the first image (Master). Displacement
elements are excluded by performing conjugate
multiplication (Zebker et al., 1986).

(5) Unwrapping phase is the key step to find
displacement phase by determining the number of cycles
lost during the interference phase. To run this processing,
the topographic phase is removed and filtered to decrease
error due to noise, and atmosphere through Goldstein
Phase Filtering tool. Then, the process to open the phase to
recover the displacement phase value by the MCF problem
(Dinh, 2006) is running on the Linux operating system.

(6) The unwrapping phase value is converted to
displacement value.

(7) Finally, coordinates are geocoded and the
subsidence model is generated. The subsidence results
obtained from the Ellipsoid surface with datum is in WGS84
and the projection is UTM, Zone 48.

2.4 Field Survey Method
To assess the results of the subsidence model, 28 points
in real data near residential area are collected on the field
by survey method (Figure 5).
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Figure 5: Map of sampling locations in the study area.

The survey was conducted as follows: (1) Identifying
sites of surveyed on major roads (Nguyen Huu Tho, Pham
Hung, Nguyen Van Linh. (2) Investigating the current state
of the construction such as tilted, cracks, expansion of
cracks in the walls of the house, construction and other
information collection such as construction time, structural
foundation, time of occurrence of subsidence, cracks and
their evolution over time. (3) Evaluating the results of the
survey with previous survey results to select appropriate
results for the analysis.

3. Results and discussion

The results of the study focused on the residential areas.
Therefore, vacant land and flooded areas were removed.
After analyzing, the subsidence results in 3, 6 and 12
months are shown in Figure 6.
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The overall assessment results in Figure 6 show the
subsidence value from 0 to 0.1m (positive value) in 6
months and from -0.15m to -0.025m in 12 months (negative
value). With two different legends, the evaluation of
subsidence is difficult for comparing the subsidence in
three stages. Hence, it is necessary to calibrate two legends
to the same scale to evaluate. The quantization is based on
stable areas (subsidence 0 + 0.025m over a 3-month) as well
as analysis on Google Earth. Then the values of 6 and 12
months are quantized.

: B o0s-0

[ [ o0-0.025
~ [Joos-00s
_[Joos-0015
I o075-0.1

.'n o015

. Unit: meters

a. Subsidence in 3 months

b. Subsidence in 6 months

B - o015

) | ] 015--0.1
[ ]01-0075
P 0o7s5- 008
I 005--0.025
2 B oo25-0

f : ] o A

té v Ty 8 ‘ﬁ Unit: meters
fi 4

. Subsidence in 12 months

Figure 6. The subsidence results
in 3,6 and 12 months.

The quantification results with gray areas are shown in
Figure 7 below, where residential areas are considered
stable in subsidence value. After bringing the same legend,
the values in blue circle areas were unevenly varied with
subsidence decreasing from -0.05 + -0.025m to -0.025 + Om
after 3 months and increased to -0.05 + -0.025 m after 6
months. Similar to the red, yellow and green circle areas,
these areas have high and low subsidence variations. To
explain this, tidal observation data was collected to
evaluate this change and it was shown in Table 2.

Table 2: Tide information during radar image collection
(SRHC, 2017).
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17/03/2016 | 22:44:59 | 62 54 56 9.5

09/06/2016 | 22:44:54 | -94 | -150 -136 201.5

24/12/2016 | 22:44:15 | 96 116 111 -45.5

Water level (cm)

Time to
Date take 2oh | 231 22h | Differen
pictures 45 ce
24/12/2015 | 22:45:05 | 34 76 65.5 0

B 0.05--0.025
B 0.025-0
[[o-002s
[ Joozs-0.0s
[Joos-007s
[ o.075-0.1

Unit: meters

c. Subsidencein 12 months

Figure 7. The quantized subsidence results
in 3,6 and 12 months.

With the pair of images 24/12/2015 (1) and 17/03/2016
(2), the difference of water level is low (9.5cm) so the
difference in terrain of time (2) compared to time (1) will be
less volatile. Therefore, the results in Figure 7a give the
value mainly positive (lift) and some negative value (blue).
The cause is the influence of wetlands and surrounding
canals.

With the pair of images (1) and 09/06/2016 (3), the
difference of water level here is very high (201.5cm) so the
difference of terrain of time (3) compared to time points (1)
large fluctuations. This leads to more expanses of terrain,
which helps the energy to reflect well and to correlate
better. So that, the results of Figure 7b give all value
positive (lift).

With the pair of images (1) and 24/12/2016 (4), the
water level difference here is also very high (-45.5cm). This
leads to the terrain becoming narrower due to rising water
levels. Therefore, the reflected energy of the satellite will be
low, giving a negative value (less than 0) in Figure 7c.

To evaluate the detailed analysis results, the field results
are collected to give a more general overview of the results
and shown in Table 3. The comparison chart between the
survey subsidence value analysis will be shown in Figure 8
based on data from Table 3.
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The chart of comparation between the subsidence analysis and
the survey subsidence value.
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Figure 8. The chart compares the subsidence value with the survey subsidence.

Table 3. Results of subsidence value of 28 points of field
survey and analysis (unit: cm)

Subsidence | Subsidence | Subsidence | Subsidence
Ho. Point ¥ X Year value value for 3 value for & vahue for 12
survey months months months
1 KSLS 689007 1186593 | 50 20 149 014 -5.82
2 K5L9 690334 [ 1188098 | 7.0 -20.0 170 356 -9.09
3 PH-T 624410 ( 1184477 | 110 425 399 745 an
4 NVL-4 688713 1185889 | 11.0 -5 077 pL ] 1075
5 KSL1 686822 1186442 | 70 -120 g 33 -0.99
& KsSL10 600037 1186800 | 30 -120 1 375 -2
7 K5L11 680835 1187045 | 30 40 179 396 -£.38
8 K5L12 687961 1187585 | &0 510 124 263 273
9 K5L13 687907 1187264 | &0 50 173 382 683
o K5L14 687288 | 1187714 | &0 10 143 366 -1.19
11 KsL2 687055 1186101 30 20 143 358 .51
12 K5LE 689279 ( 1187263 | 30 -10 112 131 -132
13 KSLE 689153 1187912 | 30 50 155 292 -5.35
14 NHT-4 686911 1184452 | 100 -1 -0.85 100 1470
15 NHT-5 686383 1185124 | 50 -18.0 155 568 1265
16 NVL-1 689250 ( 1187467 | 90 -29.5 122 187 993
17 NWL-2 688361 1186320 | 80 -16.0 207 097 639
13 NVL-3 688760 [ 1185365 | 7.0 -153 166 358 944
19 NVL-5 688483 1186691 50 -125 207 119 .27
20 PH-1 684246 | 1184968 | 30 45 -1.95 143 -9.59
21 PH-10 624017 1185318 | 20 -15 134 350 -£.38
22 PH-2 683803 1185025 1.0 30 o 33 -1072
23 PH-3 683028 ( 1185039 | 20 30 142 355 -1037
24 PH-4 683000 ( 11852385 | 30 50 122 170 -0.95
25 PH-5 684318 | 1185122 | 20 -0 0325 114 993
26 PH-E 683503 1186204 | &0 12 040 232 -8.30
27 PH-E 684136 | 1185262 10 -0 14 355 0.66
23 PH-9 683891 1185195 | 35 -50 142 413 -1002
From Figure 8, the study indicates the areas of

abnormalities (high subsidence) and the areas of low
subsidence. Firstly, the points at the foot of the bridge: KSL5
(-8cm), KSL9 (-20cm), PH7 (-45.5cm) and NVL4 (-34.5cm) are
four points with high subsidence value because many
vehicles move through here and make the bridge shake
continuously. Secondly, the points located near major
roads: NVL1 (-29.5cm), NVL2(-16cm), NVL3 (-15.3cm), NHT4
(-11cm), NVL5 (-12.5cm) and PH1 (-4.5cm). These are also
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areas affected by vehicles, which also affects the value of
subsidence. Finally, the remaining points did not change
much: PH5 (-2cm), PH8 (-2cm), PH3 (-3cm), etc. This shows
that this area has a stable subsidence.

4, Conclusions

The analysis can be resulted as follows:

(1) The main purpose of this study is to introduce how
to approach the DInSAR technique and indicates
the effect in SAR images analysis processing in Nam
Sai Gon. In which, SAR image pairs are collected
from Sentinel-1 satellite and processed on open
source SNAP software using the DINSAR technique.

(2) The analysis shows that the value in 3 (from 0 to
2.5cm) and 6 months (from 0 to 10cm) were
positive and negative in 12 months (-2.5 to -15cm).
After calibrating subsidence value in same scale and
comparing value in 3, 6 and 12 months, this leads to
the tide factor can be suspected to affect the
interference as well as the unwrapping phase.

(3) The results of the 28 surveyed sites with the analysis
showed that the bridges and high-building near the
roads gave anomalous results (high value). Hence,
we need to consider and do more survey in here.

In order to improve the results of the study, a number of

recommendations were made as follows:

(1) Increase the analysis time to two years or more to
evaluate the subsidence over time.

(2) Evaluate the impact of tides on the wetlands and
vacant land to assess the potential impact on subsidence
values of the population in the area.

(3) To evaluate the accuracy and aslo trend of research,
the PSInSAR (Permanent Scatterer InSAR) technique will be
used to analyze and identify PS deformation points over
time. This result will evaluate the accuracy of the topic using
INSAR/DINSAR technology for monitoring subsidence as
well as other applications in the field of Geological
Environment.



Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam

References

1.

10.

1.

12.

13.

14.

H.T.M. Dinh and L.V. Trung, (2006). Application of the
InSAR technology for generating DEM, Journal of
Science and Technology Development (2006), Vol 9,
No.11, pp. 35-42.

H.T.M. Dinh, LV. Trung and L.T. Thuy, (2015). Mapping
Ground Subsidence Phenomena in Ho Chi Minh City
through the Radar Interferometry Technique Using ALOS
PALSAR Data, Remote Sens (2015), 7, 8543-8562.

N.T. Duoc (2018), Application DInSAR technique to
evaluate the ground subsidence in Nam Sai Gon by Radar
band-C, Senior thesis (2018), Ho Chi Minh University of
Technology, Viet Nam.

N.B. Duy, (2015). Studying on the Interferometry SAR
(InSAR) technique for Digital Elevation Model (DEM)
generation using Open source of Software NEST and
SNAPHU. Can Tho University Journal of Science (2015),
Part A: Natural Sciences, Technology and Environment:
36: pp. 77-87.

A. Ferretti, A. Monti-Guarnieri, C. Prati, F. Rocca and D.
Massonet, (2007). InSAR Principles: Guidelines for SAR
Interferometry  Processing and Interpretation, ESA
Publications.

S. Fiaschi, M. Mantovani, S. Frigerio, A. Pasuto and M.
Floris, (2017). Testing the potential of Sentinel-1A TOPS
interferometry for the detection and monitoring of
landslides at local scale (Veneto Region, Italy). Environ
Earth Sci (2017) 76:492. DOI 10.1007/5s12665-017-6827-
y.

M. L. Gao, H. L. Gong, B. B. Chen, C. F. Zhou, K. S. Liu,
and M. Shi, (2015). Mapping and characterization of
land subsidence in Beijing Plain caused by groundwater
pumping using the Small Baseline Subset (SBAS) InSAR
technique.  The International  Association of
Hydrological Sciences (2015), 372, 347-349.

R. Goldstein, H. Zebker and C. Werner, (1988). Satellite

radar interferometry Two  dimension-al  phase
unwrapping, Radio Sci. (1988), 23, 713-720.
“Ho Chi Minh City Map”, Available:

http://www.planic.org.vn/ban-do.aspx, [Accessed: Jul
2018].

I. Joughin, R. Kwok and Fahnestock, (1996). Estimation
of ice-sheet motion using satellite radar interferometry:
method and error analysis with application to the
Humboldt Glacier, Greenland, Journal of Glaciology
(1996), No.42, pp. 564-575.

D. Massonnet, M. Rossi, C. Carmona, F. Adragna, G.
Peltzer, K. Feigl and T. Rabaute (1993). The
displacement field of the Landers earthquake mapped by
radar interferometry. Nature, 364, 138-142.

N.G. Nam, (2016). Application of GIS to generating weak
soil layer map in District 7, Ho Chi Minh City and assess
the subsidence possibility. Senior thesis (2016), Ho Chi
Minh University of Technology, Viet Nam.

M. Przytuck, G. Herrera, M. Graniczny, D. Colombo and
M. Béjar-Pizarr, (2015). Combination of Conventional
and Advanced DInSAR to Monitor Very Fast Mining
Subsidence with TerraSAR-X Data: Bytom City (Poland),
Remote Sens. 2015, 7, 5300-5328; doi:10.3390/
rs70505300.

“Radar images”, Available:
https://scihub.copernicus.eu/dhus/#/home, [Accessed:
Jul 20171.

31

19.
20.

21.

SESSION 1

K. Tempfli, N. Kerle, G.C. Huureman and L. L. F. Janssen
(eds.), (2009). Principles of Remote Sensing, ITC, 7500 AA
Enschede, The Netherlands, pp. 345-388.

“Tidal observation data from 1996-2016". Southern
Regional Hydrometeorological Center (SRHC). 2017.

L.V. Trung, (2015). Remote Sensing. Vietnam National
University, Ho Chi Minh City Publishing, pages 9-17
and 120-152.

L.V. Trung and H.T.M. Dinh (2008). Measuring ground
subsidence in Ho Chi Minh City using differential InSAR
techniques, Journal of Science and Technology
Development, Vol 11, 12-2008, pp. 121-130.

Sentinel-1 Team, Sentinel-1 User Handbook, 2013.
“SNAP guide”, Available:
https://sentinel.esa.int/web/sentinel/toolboxes/
sentinel-1/tutorials, [Accessed: Jul 2017].

H.A. Zebker, and Goldstein (1986). Topographic
mapping from interferometric SAR observation, ).
Geophys. Res. (1986) 91, 4993-4999.



http://www.planic.org.vn/ban-do.aspx
https://scihub.copernicus.eu/dhus/#/home
https://sentinel.esa.int/web/sentinel/toolboxes/%20sentinel-1/tutorials
https://sentinel.esa.int/web/sentinel/toolboxes/%20sentinel-1/tutorials

Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam

SESSION 1

SIMULATION OF STRONG GROUND MOTIONS FOR THE 2016 KUMAMOTO
EARTHQUAKE SEQUENCE AROUND THE PORT OF KUMAMOTO

ABSTRACT

The 2016 Kumamoto earthquake sequence caused
slight by not-negligible damage to facilities at the Port of
Kumamoto. To estimate strong ground motions at the port,
the applicability of the fault models for the foreshock and
main shock (Nozu and Nagasaka, 2018a) was studied. To
validate the models, they were applied to strong-motion
stations surrounding the port. It was found that the source
models can well explain strong ground motions recorded at
those stations provided that the multiple nonlinear effects
are appropriately considered.

KEYWORDS: the 2016 Kumamoto earthquake sequence, the
Port of Kumamoto, strong ground motion, fault model, the
corrected empirical Green’s function method, multiple
nonlinear effects
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1. Introduction

In 2016, a series of damaging earthquakes hit the
Kumamoto and Oita prefectures, Kyushu, Japan, including
the Mw6.1 foreshock (April 14, 21:26 JST) and the Mu7.1
main shock (April 16, 1:25 JST). The entire sequence was
named “the 2016 Kumamoto earthquake” by the Japan
Meteorological Agency (JMA). The earthquakes resulted in
significant damage in the near-source region including
Mashiki Town (represented by KMMH16 in Figure 1).

In contrast to serious damage in the near-source region,
the damage to facilities at the Port of Kumamoto (Figure 1)
was found to be generally minor. However, slight damage
did occur. For example, a gravity-type quay wall,
constructed on SCP improved ground, suffered residual
horizontal displacement of 12 cm (Photo 1). In addition,
movable bridges for the ferries became out of order, which
could be attributed to the deformation of ground.

To reveal the damage mechanism and to evaluate the
appropriateness of the current design method, it was
important to evaluate strong ground motions at the port.
Unfortunately, the Port of Kumamoto was not covered by
the Strong Motion Earthquake Observation in Japanese
Ports (e.g., Nozu and Nagasaka, 2018b). Therefore, strong
ground motions at the port remained unknown.

To estimate strong ground motions at the port, we
employed the corrected empirical Green’s function method
(Kowada et al. 1998; Nozu and Sugano 2008; Nozu et al.
2009). As explained later, the method is advantageous in
incorporating site effects, i.e., the effect of sediments on
both the Fourier amplitude and phase of strong ground
motions (Figure 2). To simulate strong ground motions with
this method, we decided to use the simplified source
models for the foreshock and the main shock, which were
developed in our group
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Figure 1: Locations of the foreshock fault plane, the small
event used for the analysis (numbered open
rectangle), the strong motion stations (triangles)
and the Port of Kumamoto. The star indicates the
epicenter of the foreshock.

Photo 1: Slight damage to a quay wall at the Port of
Kumamoto

(Nozu and Nagasaka, 2018a).

In this study, to investigate the applicability of the
source models to the target region, those models were
applied to simulate strong ground motions at strong
motion observation stations surrounding the port, namely,
KMMO008, NGS012 and Shirakawa (Figure 1). In the
simulation, multiple nonlinear effects (Nozu and Morikawa,
2003) were also considered. The applicability of the fault
models was discussed based on comparison between the
observed and simulated ground motions.

2. Simulation method

A brief overview of the corrected empirical Green’s
function method (the corrected EGF method) (Kowada et al.
1998; Nozu and Sugano 2008; Nozu et al. 2009) is


mailto:nhatvodai@hcmut.edu.vn

Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam

Site effect

/ Propagation of Site)
surface wave A \

R e
body wave |

— Bedrock

000m/ s

" Path effect

Source offect

Figure 2: Source, path and site effects

subfault ij

large event

Figure 3: Superposition of Green's functions

given in the following:

The first step is to evaluate ground motions from a
small event (Figure 3). The ground motion generated by a
small event is referred to as the “Green’s function.” The
Fourier amplitude of the Green's function is evaluated as a
product of the source spectrum |S(f)], the path effect |P(f)|
and the site amplification factor |G(f)|. The source spectrum
is assumed to follow the w? model (Aki, 1967). Geometrical
spreading and non-elastic attenuation are considered for
the path effect (Boore, 1983) as follows:

|P(A|=(1/r) exp(-ifr /QB), (M
where r is the distance from the source to the site, f is the
shear wave velocity, and Q stands for the Q value along the
propagation path that is proportional to some power of
frequency. Empirical site amplification factors are generally
used in this method. Then, Fourier phase of an actual record
of a small earthquake at the site of interest is used as the
Fourier phase of the Green's function. Thus, we can obtain a
frequency-domain Green's function which incorporates the
effects of sediments both on the Fourier amplitude and
Fourier phase as follows:

IS(] PO |G| O /|Os(h)], )
where Os(f) is the Fourier transform of an actual record at
the site of interest and |Os(f)|, is its Parzen-windowed
amplitude (a band width of 0.05 Hz was used in this
application). If several records are available for the site, it is
preferable to choose an event that has a similar incident
angle and a similar back-azimuth to the target event. The
Green’s function in the time domain can be obtained by the
inverse Fourier transform.

The second step is to superpose the Green's function to
obtain strong ground motions from a large event (or a
subevent of a large event) in the same way as the
conventional EGF method (Irikura et al., 1997). When soil
nonlinearity is considered, the time-domain Green's
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function is corrected with the method proposed by Nozu
and Morikawa (2003), as will be explained later.

In this particular application to the Kumamoto
earthquake, the Q value estimated for the region (Q=104 f
063) (Kato 2001) was used. At K-NET and KiK-net stations
(Figure 1), the empirical site amplification factors evaluated
by Nozu and Nagao (2005) were used. The site amplification
factor at Shirakawa (Figure 1) was newly evaluated in this
study, which will be explained later. To evaluate the Fourier
phase characteristics of the Green’s functions, weak motion
records were used. For each site, a small event that occurred
close to the nearest asperity was selected whenever
possible, and it was made sure that the Fourier phase
characteristics resemble those of the main shock.

In this study, nonlinear soil response was considered
using the simple method proposed by Nozu and Morikawa
(2003). The method uses two parameters to consider soil
nonlinearity; one representing the reduction of averaged
shear wave velocity within the sediment (vi) and the other
representing the increase of averaged damping factor
within the sediment (v2). In the simulation, the nonlinear
parameters were manually determined with the aim of
reproducing the observed ground motions as accurately as
possible. Among the nonlinear parameters, vi was basically
determined by referring to the ratio of the peak frequencies
of strong and weak motions at the same site, because the
parameter v; represents the ratio of the shear wave
velocities within the sediments between the linear and
nonlinear cases, and thus v; represents the ratio of the
resonant frequencies of the sediments between the linear
and nonlinear cases. The parameter v, was determined so
that the observed ground motions could be simulated as
accurately as possible, with special reference to the
duration of the later phases.

Other parameters used for the simulation were as
follows: For the radiation coefficient, the averaged value of
0.63 was used. The parameter PRTITN (Boore, 1983), which
represents the partition of S-wave energy into two
horizontal components, was determined so that the
observed ground motions can be reproduced as accurately
as possible. For the S-wave velocity and density in the
source region, 3.5 km/s and 2.7x10° kg/m? were used.

3. Foreshock

Figure 1 shows the location of the foreshock fault plane.
Figure 4 shows the simplified source model for the
foreshock (Nozu and Nagasaka, 2018a). The color contour in
the background shows the peak slip velocity distribution for
the foreshock estimated from the waveform inversion
analysis (Nozu and Nagasaka, 2018a). The solid star
indicates the JMA hypocenter, which was used as the
rupture starting point in the inversion analysis. The
rectangles numbered as 1 and 2 are the asperities that
constitute the simplified source model. Asperity 1 is located
near the hypocenter and Asperity 2 is located 3 km
northeast of the hypocenter on the shallower part of the
fault. These asperities were aligned on the fault plane used
for the inversion analysis with the strike angle of 212
degrees and the dip angle of 89 degrees. The open star
indicates the rupture starting point for Asperity 2, from
which rapture propagates radially. The parameters of the
source model are listed in Table 1.

At K-NET stations (KMMO0O08 and NGS012), the empirical
site amplification factors evaluated by Nozu
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Figure 4: Symplified source model for the foreshock (Nozu
and Nagasaka, 2018a)

Table 1: Parameters of the simplified source model for the
foreshock (Nozu and Nagasaka, 2018a)

Asperity 1 Asperity 2
Loca! rupture starting point 130.808 130.809
longitude (deg.)
Local rupture starting point
latitude (deg) 32.742 32.742
Local rupture starting point
depth (km) 11.0 7.0
Length(km)xWidth(km) 2.5%2.5 3.0x3.0
Mo (Nm) 0.15E+18 0.13E+18
(Rse):latlve rupture starting time 0.0 57
Rupture velocity (km/s) 2.8 2.8
Rise time (s) 0.33 0.40
Number of discretization 5%5%5 5X%5x5

Table 2: Nonlinear parameters and PRTITN values used for

the foreshock
Vi V2 PRTITN PRTITN
for EW for NS
KMMO008 0.90 0.010 0.63 0.77
NGS012 - - 0.69 0.72
Shirakawa 0.90 0.010 0.85 0.53

and Nagao (2005) were used. The site amplification factor at
Shirakawa (Figure 1) was newly evaluated as follows. At
Shirakawa, ground motions were observed at several
different depths. In this study, ground motions observed at
GL-8m was used, which were the shallowest records except
for the records at the top of the river dike. We could find
two earthquakes that were recorded at Shirakawa and
KMMO008 simultaneously, namely, the April 16, 13:15, M3.9
aftershock and the April 18, 20:41, M5.8 aftershock. For
these events,

Figure 5:

Figure 6:
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Fourier spectral ratios between two stations were calculated
as shown in Figure 5 and Figure 6. Then the site
amplification factor at KMM008 (Nozu and Nagao,
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2005) was multiplied by the geometric mean of the spectral
ratios to obtain the site amplification factor at Shirakawa as
shown in Figure 7.

To evaluate the Fourier phase characteristics of the
Green’s functions, weak motion records for the April 15,
0:50, M4.2 aftershock were used. The epicenter of the
aftershock is plotted in Figure 1.

The parameters to consider soil nonlinearity (vi and v»)
and the parameter PRTITN were determined so that the
observed ground motions could be simulated as accurately
as possible, as shown in Table 2.

Observed and synthetic velocity waveforms (0.2-2 Hz)
for the foreshock at strong motions stations surrounding
the port are compared in Figure 8. Main features of the
observed ground motions including the direct S phase and
the later phases were successfully reproduced in the
simulation, although at Shirakawa the amplitude of the later
phases were overestimated for the EW component and
underestimated for the NS component.

Examples of parametric studies to determine the
nonlinear parameters for KMMO008 are shown in Figure 9
and Figure 10. In Figure 9, v, (increase of damping
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Figure 8: Observed (black) and synthetic (red) velocity waveforms (0.2-2 Hz) for the foreshock at strong motions stations

surrounding the Port of Kumamoto
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Figure 9: Parametric study to determine the nonlinear parameter vi. With the decrease of v;, the peak frequency of the synthetic
spectrum (red) decreases and approaches to the peak frequency of the observed spectrum (black).
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factor) was fixed to zero and vi (reduction of shear wave T T T T T T
velocity) was varied from 1.00 to 0.90 in the calculation of e i . & K-NET and KiK-net stations| |
Fourier spectra at KMMO008. With the decrease of vi, the peak ' & Bainshock,

frequency of the synthetic spectrum decreases and

approaches to the peak frequency of the observed spectrum. ok A
Based on the results, vi=0.90 was selected for KMMO0O08. Then, Shirakaa

in Figure 10, vi was fixed and v, was varied from 0.00 to 0.02

in the calculation of velocity waveforms at KMMO008. With the 9

increase of v, the duration of the later phases decreases. By f 32.8- A

comparing the duration of the synthetic and observed = nesoiz  fertel O

signals, v.=0.01 was selected for KMMO08.

As a whole, the preceding analyses reveals that the K008 a a 0o
simplified source model for the foreshock is applicable to the e % KOMHLE oo ]
target region; the source model can well explain strong : .
ground motions recorded at the target region provided that " el , il
the multiple nonlinear effects are appropriately considered. 14l i | ' | ' ]

4. Main shock 130.2 130.4 130.6 130.8 131.0 131.2
Lon. {deg.)

Figure 11 shows the location of the main shock fault Figure 11: Locations of the main shock fault plane, the small
plane. Figure 12 shows the simplified source model for the events used for the analysis (numbered open rectangles), the
main shock (Nozu and Nagasaka, 2018a). The color contour strong motion stations (triangles) and the Port of Kumamoto.
in the background shows the peak slip velocity distribution The star indicates the epicenter of the main shock.
for the main shock estimated from the waveform inversion
analysis (Nozu and Nagasaka, 2017). The solid star indicates analysis. The rectangles numbered as 1, 2 and 3 are the
the JMA hypocenter, which was used as the rupture starting asperities that constitute the simplified source model.
point in the inversion Asperity 1 and 2 are located at approximately 5 km
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v N52E— Table 3: Parameters of the simplified source model for the
—z0 main shock (Nozu and Nagasaka, 2018a)
g Asperity | Asperity | Asperity 3
a —15 1 2
e Local rupture startin
; e Pt e 91 130802 | 130.823 | 130.898
g _ .. point longitude (deg.)
e Local rupture starting
v point latitude (deg.) 32.783 32.797 32.841
g S Local rupture starting
E point depth (km) 15.0 15.0 11.0
o Length(km)xWidth(km
© s 1w 15 2 25 a3 a0 | 9 15x1.5 | 3.0x30 | 4.0x5.0
Distance along strike (km) Mo (Nm) 2'10E+1 2'25E+1 2.5E+18
starting time (s) 0.0 0.9 41
0.8 be 24 Sz 8.0 8. S0 Rupture velocity (km/s) | 2.8 2.8 2.8
Peak slip velocity (m/s) Rise time (s) 0.13 0.27 1.00
Figure 12: Symplified source model for the main shock (Nozu N.umbe.r . of 5%5X%5 5%5%5 10x10x1
discretization 0

and Nagasaka, 2018a)
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Figure 13: Observed (black) and synthetic (red) velocity waveforms (0.2-2 Hz) for the main shock at strong motions stations
surrounding the Port of Kumamoto
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northeast of the hypocenter. Asperity 3 is located at
approximately 15 km northeast of the hypocenter. These
asperities are located on the fault plane for the inversion
analysis with the strike angle of 232 degrees and the dip
angle of 84 degrees (Nozu and Nagasaka, 2017). The open
stars indicate the rupture starting point for each asperity,
from which rapture propagates radially. Asperity 3
corresponds to the primary asperity in the inversion result.
The parameters of the source model are listed in Table 3.

The same site amplification factors as the main shock
were used for KMMO008, NGS012 and Shirakawa. To evaluate
the Fourier phase characteristics of the Green’s functions,
weak motion records for the April 15, 0:50, M4.2 aftershock
were used at KMMO008 and Shirakawa. At NGS012, weak
motion records for the April 16, 4:51, M4.3 aftershock were
used. The epicenters of the aftershocks are plotted in Figure
11.

The parameters to consider soil nonlinearity (vi and v)
and the parameter PRTITN were determined so that the
observed ground motions could be simulated as accurately
as possible, as shown in Table 4, as were done for the
foreshock.

Observed and synthetic velocity waveforms (0.2-2 Hz) for
the main shock at strong motions stations surrounding the
port are compared in Figure 13. Main features of the
observed ground motions including the direct S phase and
the later phases were successfully reproduced in the
simulation, although at Shirakawa the amplitude of the later
phases were slightly overestimated for the EW component
and slightly underestimated for the NS component.

Table 4: Nonlinear parameters and PRTITN values used for the

main shock
Vi V2 PRTITN PRTITN
for EW for NS
KMMO008 0.92 0.005 0.81 0.59
NGS012 - - 0.53 0.85
Shirakawa 0.86 0.010 0.85 0.53

5. Conclusions

The 2016 Kumamoto earthquake sequence caused slight
by not-negligible damage to facilities at the Port of
Kumamoto. To estimate strong ground motions at the port,
the applicability of the fault models for the foreshock and
main shock (Nozu and Nagasaka, 2018a) was studied. To
validate the models, they were applied to strong-motion
stations surrounding the port. It was found that the source
models can well explain strong ground motions recorded at
those stations provided that the multiple nonlinear effects
are appropriately considered. The source models were
subsequently used to estimate strong ground motions at the
Port of Kumamoto by Yamada et al. (2018).
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SUMMARY

Conventional damage prediction methods for lifeline structures are primarily based on peak ground motion
measurements. However, line structures such as lifelines suffer damage that is mainly induced by the strain
of the ground and therefore are likely to be vulnerable to sharp spatial changes in the ground motion. In this
study, we propose a measure for evaluating the damage incurred by underground water supply pipelines
based on the spatial gradient of the peak ground velocity (PGV), in an attempt to quantify the effects of
the geospatial variabilities in the ground motion on pipeline damage. We investigated the spatial distribution
of the damage caused to water pipelines during the Niigata-ken Chuetsu earthquake on October 10, 2004
(Japan Meteorological Agency magnitude (Mjya) of 6.8) and the Kobe earthquake on January 17, 1995
(Mjma7.3) and compared the surveyed damage with the PGV distribution as well as with the gradients of
the PGV calculated around the damage areas. For the Kobe earthquake, we used the PGV distribution
obtained by the strong-motion simulation performed by Matsushima and Kawase [1]. In case of the Chuetsu
earthquake, we estimated the ground motion using a broadband-frequency-based strong-ground-motion
simulation method based on a multiasperity source model. In both cases, we calculated the gradients of
the PGV along the geographical coordinates, with the amplitude of the PGV gradient vector being employed
as the damage estimator. Our results show that the distribution of damage to underground water supply
pipelines exhibits a greater correlation with the gradients of the PGV than with the PGV itself. Thus, the
gradient of the PGV is a useful index for preparing initial-screening hazard maps of underground facilities.
Copyright © 2017 John Wiley & Sons, Ltd.
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KEY WORDS: underground lifeline; seismic assessment; spatial gradient of peak ground velocity

1. INTRODUCTION

Lifeline facilities such as roads and gas and water pipelines invariably suffer severe damage during
large earthquakes. The damage to roads isolates the affected regions, while the failure of gas and
water supply pipelines (WSPs) further distresses the earthquake victims. The Niigata-ken Chuetsu
earthquake on October 23, 2004 (Japan Meteorological Agency magnitude (Mjya) of 6.8; hereafter
referred to as the Chuetsu earthquake) was the most damaging earthquake in Japan since the 1995
Kobe earthquake. The earthquake resulted in ground accelerations higher than 1.7 g and velocities of
up to 130 cm/s. This extreme ground motion caused extensive damage to lifeline facilities such as roads
as well as the WSP system in the Niigata prefecture. During the Kobe earthquake, similar ground
motion (peak ground velocity (PGV) =~ 130 cm/s) inflicted severe damage to roads and various lifeline
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facilities ([2—6]). Thus, these earthquakes highlighted the importance of developing appropriate
seismic assessment and damage prediction methods for lifeline facilities.

Conventional damage prediction methods for lifeline facilities are typically based on some type of a
ground motion index. Jeon and O’Rourke [7] studied the relationship between pipeline damage and the
peak ground acceleration (PGA), the PGV, and the spectral intensity corresponding to the Northridge
earthquake that occurred on January 17, 1994, and found a strong correlation between the pipeline
repair rate (for earthquake-induced pipeline damage), the pipe material used, and the PGV. Further,
the American Lifelines Alliance [8] has reported two simple methods for assessing transient ground
movement: one is a chart method for water pipelines based on parameters such as the PGA, the
PGV, and the permanent ground displacement and does not involve any mathematical calculations,
while the another is an equivalent static method based on the ground strain, which is calculated
using the PGV and the propagation speed of the seismic wave. Most self-governing bodies, lifeline
facility companies, and government agencies in Japan use the PGA, PGV, seismic intensity, and degree
of liquefaction or intensity as measured by instruments to predict the damage to lifeline facilities. For
instance, G&E Engineering Systems Inc. [9] has summarized the various damage assessment methods
used for water pipelines according to their intended function and the pipe material used, based on the
transient ground movement (i.e., the PGA and PGV) and the permanent ground displacement induced
by landslides and liquefaction. The Tokyo Prefecture Office and the Japan Water Works Association
have adopted methods based on the PGV for designing seismically sound WSPs. A large number of
Japanese self-governing bodies use modified methods based on a technique that uses the PGA values
[10] obtained from damage assessment studies performed during the 1995 Kobe earthquake for
predicting the seismic damage caused to water supply and sewer pipelines. Gas supply companies
evaluate the damage that could be caused to gas pipeline networks by future earthquakes based on
the PGV and spectral intensity values. A study from India has reported a seismic design method
for buried pipelines based on the axial ground strain calculated using the PGV for transient ground
movements [11]. Kuwata et al. [12] determined the trend in the pipe repair rate for high-level
ground motion through a numerical analysis while using the PGV. Using the PGV and the other
above-mentioned measures has a number of advantages, in that they allow for real-time
observations during earthquakes and can be used for quick damage predictions. However, a pipeline
that is underground is more likely to be affected by strong local variations in the ground motion
instead of the absolute values of the peak ground motion. To address this problem, O’Rourke
et al. [13] showed that the ground strain can be calculated using the PGV, the apparent wave
velocity, and the predominant period of the seismic wave. The Eurocode [14] also has a simple
method for calculating the ground strain caused by the transient ground motion based on the
Newmark method while using a sinusoidal wave and the apparent wave velocity [15]. However,
it is difficult to estimate the apparent wave velocities or the predominant period of the seismic
waves for future earthquakes. Paolucci and Smerzini [16] introduced a method for calculating the
in-plane strain tensor at the ground surface based on previous observations made using dense
seismic arrays. This method might be useful for evaluating the strain distribution for well-recorded
previous earthquakes but might not be appropriate for producing hazard maps for lifeline facilities
in the case of future earthquakes. As mentioned above, the ground strain is considered a useful
index for predicting the damage that will be incurred by underground pipelines. In fact, the major
failure mode during the Kobe and Chuetsu earthquakes was reported to be cast-iron pipes falling
off at the joints [17, 18]. This type of failure is mainly caused by axial-ground-strain-induced
tensile forces. (A bending failure is induced by a shear strain.) From this viewpoint, the change
in the peak ground displacement (PGD), namely, the PGD gradient, would be a more suitable index
for predicting damage to WSPs, because this index has the same unit as that of strain. However, it
is difficult to calculate the PGD due to transient ground movements. This is because the
amplification factor of the displacement is usually not known with as much accuracy as those of
the PGA and PGV. In this paper, we propose a method based on the PGV gradient for evaluating
the seismic damage of WSPs. In the rest of the document, we will present an outline of the method
and its application in estimating the damage caused to WSPs by the 2004 Chuetsu and 1995 Kobe
earthquakes. We will show that the PGV gradient is a better predictor of damage to WSP systems
than is the PGV, which is the index used currently.
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2. STRONG-MOTION SIMULATION AND PGV GRADIENT

2.1. Strong-motion simulation in Chuetsu region

In order to be able to compare the damage caused to lifeline facilities by the Chuetsu earthquake and
the various corresponding ground motion indices, it is necessary to measure the ground motions for a
spacing finer than those used for the strong ground motions observed by K-NET and KiK-net
(nationwide strong-motion measuring networks operated by the National Research Institute for Earth
Science and Disaster Prevention (NIED), Japan, and consisting of 1800 stations). This is also true those
for the intensities recorded using JMA instruments (interstation spacing of ~10km). For this purpose,
we calculated the seismic-bedrock broadband strong ground motions for every 250 m within the
near-fault region and incorporated the site amplifications in the simulated PGV values using a
7.5-arcsec (250 m) Vs30 (time-averaged S-wave velocity for the shallower 30 m of soil) map of the
Chuetsu region (Wakamatsu et al. 2005 [19]). The seismic-bedrock ground motions were determined
using a hybrid method that combined wave propagation within a one-dimensional crustal model at low
frequencies and a semistochastic modeling approach at high frequencies by using a multiasperity
source model. The source model parameters such as the stress drop of the asperities were obtained
by optimizing the fit between the simulated and observed near-fault strong ground motions. Details
of the strong-motion simulation method as well as the simulation results for the Chuetsu earthquake
are described by Pulido and Kubo [20] and Pulido and Matsuoka [21]. To incorporate the site
amplifications into the bedrock ground motions, we used the following expression relating the Vs30
(in m/s) to the PGV amplification factors with respect to a seismic bedrock site (Vs=2600m/s) (Pulido
and Matsuoka [21]):

logPGV 4y = 1.83 -0.53 logV 3. (1)

This equation was obtained by combining the frequency-dependent site amplifications observed at
31 strong-motion sites within the Chuetsu region (Pulido and Matsuoka 2006 [21]) as well as a
250-m-grid-cell Vs30 map of the Chuetsu region (Wakamatsu et. al. 2005 [19]). A Vs30 map at this
fine a scale is based on a detailed geomorphological map of the region in question as well as data
from dense Vs30 measurements (Wakamatsu et. al. 2006 [22]).

The simulated PGV values exhibited a complex pattern around the hypocenter (Figure 1, color
scale). It can be seen that the ground motion was relatively small just above the hypocenter as
compared to that in the areas adjacent to the hypocenter. This is because the radiation pattern
distribution of a reverse-type earthquake such as the Chuetsu earthquake was used. The values of
the PGV in the western and southern regions of Ojiya city were large and so were those for the
entire towns of Kawaguchi and Yamakoshimura, where the simulated PGV was higher than 80 cm/s
for large areas. Figure 1 also shows the observed instrumental intensity distribution (black contour
lines), obtained from a dense network of intensity meters in the Chuetsu region, which is a part of a
nationwide network managed by the JMA (~3600 instruments nationwide). It can be seen that there
is good agreement between the simulated PGV values and the observed instrumental intensity
distributions. The inset of Figure 1 shows a comparison of the simulated PGV values and those
observed at the 31 K-NET and KiK-net strong-motion stations within the Chuetsu region. It can be
seen that these values are also in good agreement.

2.2. Estimating strong motion in Kobe city

We also selected the 1995 Kobe earthquake as a case study to investigate the relationship between the
extent of pipeline damage and the PGV gradients within Kobe city, which is in the Chuetsu region and
has a significantly higher population than that of Nagaoka city. The residential area in Kobe extends
along a narrow region between the slopes of the Rokko mountains to the north and the coast to the
south. During the Kobe earthquake, the damage done to residential buildings was concentrated
along a narrow region subparallel to the coast (known as the ‘damage belt’), where the seismic
intensity was 7 as per the JMA scale (see Figure 2 [23]).
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Figure 1. Simulated PGV values for the 2004 Chuetsu earthquake (color scale). The black contour lines as

well as the numbered open circles represent the intensities observed using JMA instruments during the earth-

quake. Inset shows a comparison of the simulated PGV values and those observed at the KiK-net and K-Net

sites within the Chuetsu region. The triangles and squares depict the K-NET and KiK-net strong-motion sta-

tions within the Chuetsu region, while the filled symbols represent the stations used for estimating the asper-
ity parameters. [Colour figure can be viewed at wileyonlinelibrary.com]

We used the PGV distribution obtained from the strong-motion simulation by Matsushima and
Kawase [1]. They developed a source model of the Kobe earthquake using a grid search method
while employing a three-dimensional velocity structure of the basin and used it to predict strong
motion near the hypocenter as well as the strong-motion belt in Kobe City. The source model was
obtained by optimizing the fit of the simulated data to the strong-motion data recorded at the JMA
Kobe, Kobe University, Motoyama-Daiichi elementary school, and JR Takatori stations. The JMA
Kobe station was located on a hill and is not significantly affected by subsurface ground
amplifications. The data recorded at the JR Takatori station were characterized by a significant
pulse. The strong motion was calculated using a three-dimensional finite difference method while
using a grid interval of 0.04 km. The source-time functions were assumed to be a simple triangular
pulse with a duration of 0.06s. The three-dimensional structure of the velocity of the S-wave above
the bedrock was calibrated using the records of the aftershocks at the target observation stations.
The rupture model consisted of five rectangular strong-motion-generation areas. The ground motion
simulated by Matsushima and Kawase [1] was estimated for a velocity model in the upper layer and
corresponded to an S-wave velocity of 350 km/s, which, given the grid size used, implied that the
ground motion would be numerically accurate only up to a frequency of ~2Hz. Further, the
significant damage experienced in Kobe was attributed to ground motion with periods of
approximately 1s, as determined using a deeper underground velocity model [1]. We calculated the
PGV at the ground surface for a mesh with a size of 250 m by multiplying the simulated PGV
values reported by Matsushima and Kawase [1] by an amplification factor corresponding to an
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Figure 2. Map of Kobe-Osaka region annotated with major faults and geographic reference points, including
the inferred rupture during the 1995 earthquake as well as the damage belt. [23]

engineering bedrock, with Vs being 400 m/s (the calculation is described in Appendix 1). The
amplification factor used, PGV, is a function of the average S-wave velocity from the surface to a
depth of 30 m, V3¢ (Fujimoto and Midorikawa [24]):

10gPGV gy = 2.367 — 0.85210gVs30. )

In this study, we used the Vg3, data obtained from the Earthquake Hazard Information Station
(J-SHIS [25]), which is available for a grid space of 250 m for all regions in Japan. We must note that
Eq. (2) is used for calculating the PGV amplification factor of all regions in Japan with respect to the
engineering bedrock (Vs=400m/s); in contrast, Eq. (1) was proposed for the Chuetsu region and is
with respect to the seismic bedrock (Vs=2600 m/s). Figure 3 shows the calculated PGV at the ground
surface. We can observe the damage belt caused by the so-called ‘basin edge effect’.

2.3. PGV gradient

In order to estimate the differential ground motions that could be a potential source of damage to
lifeline facilities during an earthquake, we calculated the gradients of the PGV along the

PGV(cm/s)

B 150~
I 100~150
B s0 ~100
60 ~ 80
[ 40 ~ 60
[ 130 ~ 40
[ 120~ 30
[ lo~2

Figure 3. PGV distribution on ground surface. [Colour figure can be viewed at wileyonlinelibrary.com]
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geographical coordinates (G) based on the simulated PGV values for a dense and uniform grid mesh as
follows:

= P X P Xy .
G_ PGV,  OPGVy, )
ox oy

where PGV, is the peak ground velocity in the x, y grid, and i and j are the unit vectors along the east
and north directions. The amplitude of vector G was used as an indicator of pipeline damage.
Intuitively, PGV gradients would be better predictors of pipeline damage than PGV, because such
structures are buried underground and are thus more likely to be affected by out-of-phase motions
and the associated axial or shear strain of the ground along the line.

A brief description of the numerical method used to calculate the gradients as well as the effect of
the grid size is given in the appendix 2.

3. RELATIONSHIP BETWEEN STRONG MOTION AND DAMAGE TO WATER SUPPLY
PIPELINES IN CHUETSU REGION

3.1. Damage to water supply pipelines

A survey of the damage sustained by WSPs during the Chuetsu earthquake revealed that the Nagaoka
city water system suffered damage at 329 locations, while that of Ojiya city suffered damage at 95
locations. Figure 4 shows the WSP damage points as well as the liquefaction and landslide areas
corresponding to the Chuetsu earthquake on a geomorphologic map of Nagaoka and Ojiya cities
[26]. It can be seen from the figure that the WSP damage points can be separated into five distinct
groups. The first group, labeled as A in Figure 4, is located in a geomorphologically complex region
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Figure 4. Distribution of WSP damage points in Ojiya and Nagaoka cities. [Colour figure can be viewed at
wileyonlinelibrary.com]

44


http://wileyonlinelibrary.com

Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam SESSION 2

that consists of a mountainous area to the east of Nagaoka as well as a region consisting of gravelly
terraces, hills, alluvial fans, valley bottom lowlands, and back marshes in the Yamadori and Suyoshi
regions. The second group, labeled B in Figure 4, is located along the boundary between two
dissimilar geomorphological units, namely the mountainous area east of Nagaoka city and a region
of alluvial fans and gravelly terraces to the west of the city. This boundary lies in a zone west of the
surface projection of the causative fault of the Chuetsu earthquake. The third area, labeled C in
Figure 4, lies in a gravelly terrace region in Ojiya city, where widespread liquefaction was observed.
Some degree of WSP damage also occurred at the boundary between the mountainous region and
the gravely terrace west of Ojiya, where numerous landslides were observed. The fourth zone,
labeled D in Figure 4, is located to the east of the Nagaoka city basin, where widespread
liquefaction was observed as well. The last zone, labeled E in Figure 4, is located to the west of
Nagaoka city. The WSP damage incurred in this zone occurred at the boundaries between the
different geomorphologic regions such as zone B. In addition, several areas in the gravelly terrace
also experienced damage. These areas are narrow strips of land sandwiched between paddy fields
and forests. Therefore, it can be assumed that the groundwater level in this gravelly terrace is high.

3.2. Relationship between PGV and damage to water supply pipelines

Figure 5 shows the points where the WSPs were damaged during the Chuetsu earthquake overlapping
with the simulated PGV values. It can be seen from the figure that the WSP damage points are located
along a narrow region with a width of 5km and oriented along the NNE-SSW direction. It can also be
seen that most of the points are not concentrated around the highest simulated PGV values in the
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Figure 5. Simulated PGV values for the 2004 Chuetsu earthquake (color scale). Open circles represent points
of damage to WSPs during the earthquake. [Colour figure can be viewed at wileyonlinelibrary.com]
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region, which are mostly higher than 80 cm/s. The WSP damage points are mainly concentrated in the
areas with PGV values lower than 60 and 80cm/s in the cases of Nagaoka and Ojiya cities,
respectively. The previous results suggested that the damage to the WSPs was not highly correlated
to the PGV values. On the other hand, we noticed that the WSP damage points align perfectly along
a region in which the PGV values change rapidly from 40 to 80cm/s. This change in the PGV
begins at the boundary between two dissimilar geomorphological units, namely, the mountainous
region to the east of Nagaoka city and the alluvial fans to the west of the city (Figure 5). The
previous observations strongly suggested that the damage to the WSPs might have originated from
the large spatial variations in the ground motion and were not related to the actual magnitude of the
motion. These variations can be explained on the basis of pronounced spatial changes in the site
amplifications arising from dissimilarities in the geomorphologies, which were incorporated in the
ground motion simulations.

In order to estimate the extent of WSP damage, we determined the WSP repair rate within Ojiya and
Nagaoka cities. We defined the WSP damage rate (WDR, %), as follows:

WDR = Nw €]
Lw

where Nw is the number of damaged WSPs (count) and Lw is the WSP length (in km).

We calculated the PGV values at the center of every grid cell where WSP damage had been
observed previously. Figure 6 shows the relationship between the WDR and the simulated PGV
values. For all the analyses involving the PGV, the WDR was calculated for PGV values averaged
for a WSP length of 50km. Specifically, we prepared a dataset of the number of WSPs damaged,
the pipeline length, and the PGV per mesh. This dataset was sorted by the PGV and WDR values,
and the PGV was calculated as an average for every 50km. It can be seen from Figure 6 that the
correlation between the simulated PGV and WDR values is very poor (correlation coefficient
R=0.22). These results together with the observations shown in Figure 5 strongly suggest that the
WSP damage is not highly correlated to the PGV. An inspection of the above-mentioned database
also indicated that most of the WSP systems in Nagaoka and Ojiya cities experienced PGV values
between 50 and 90 cm/s. For reference, we also show the regression line for the dataset containing
values averaged for a WSP length of approximately 34km (R=0.28). A length of 34km was the
shortest with a nonzero WDR. The plotted dataset for this study was calculated using the weighted
means method. Therefore, the regression lines corresponding to the different WSP lengths should
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Figure 6. Relationship between the WDR and PGV values. The WDR was calculated as the number of dam-

aged WSPs divided by the total length of the WSP in the grid cells. The dataset was determined by averaging

the PGV values for a WSP length of 50km. The dashed line represents the equation relating the PGV and
WDR values in the dataset as calculated by averaging the values for a WSP length of 34 km.
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have been approximately coincident. However, it can be seen from Figure 6 that the regression line for
the dataset corresponding to a WSP length of 34 km was slightly different from the one for the dataset
corresponding to a length 50 km. This difference must be explained because almost all the data points
were distributed within the PGV range of 50-90 cm/s.

3.3. Relationship between PGV gradient and damage to water supply pipelines

Figure 7 shows the points of damage to the WSPs on a map of the simulated PGV gradients within the
Chuetsu region. This figure suggests that there is a higher correlation between WSP damage and the
PGV gradients. It can be seen that most of the points of damage to the WSPs align perfectly along
stripes with high PGV gradients; the exception is a cluster of damage points enclosed by a blue
ellipse in Figure 7. This cluster actually corresponds to an area damaged by landslides (the lower
part of region A in Figure 4). The observed good agreement between the extent of WSP damage
and the PGV gradients may be explained by the fact that lifeline structures such as water and gas
pipelines suffer damage because of the axial or shear strain of the ground along the length; this
strain is likely generated by out-of-phase ground vibrations along the structure.

Figure 8 shows the relationship between the WDR and the PGV gradients. For the all analyses
involving the PGV gradients, the WDR was calculated for PGV gradients averaged for a WSP
length of approximately 50 km.
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Figure 7. Simulated PGV gradient values for the 2004 Chuetsu earthquake (color scale). Crosses show the
points of damage to the WSPs during the Chuetsu earthquake. It can be seen that there is a high correlation
between the PGV gradients and the points of damage to the WSPs; the exception is the region enclosed by a

red ellipse, which is a landslide-affected area. [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure 8. Relationship between the WDR and the simulated PGV gradients. The WDR was calculated for

PGV gradients averaged over a WSP length of 50km. The dashed line represents the equation relating

the PGV gradient and the WDR values in the dataset determined by averaging for a WSP length of
approximately 34 km.

It can be seen from Figure 8 that there is good agreement between the PGV gradients and the WSP
damage rate (correlation coefficient R=0.62). A comparison of Figures 6 and 8 shows clearly that the
WDR exhibits a significantly higher correlation with the PGV gradients than with the PGV values.

We determined the equation relating the PGV gradient (G, in cm/s/cm) and the WDR (in count/km)
using the least squares method:

WDR = 78.3G"%. (5)

This equation can be used as a WSP damage rate estimator for past earthquakes as well as for
scenario earthquakes, provided that the PGV values have been obtained using a uniform and dense
grid cell that allows the G values to be calculated. Our results indicate clearly that the simulated
PGV gradients for a scenario earthquake can be a very useful index for the first screening of seismic
hazards as well as for preparing seismic damage prediction maps for underground structures such as
WSPs. Similar to Figure 6, Figure 8 also shows the regression line for the dataset of the values
averaged for a WSP length of 34km. It can be seen from the figure that the regression line
corresponding to a WSP length of 50 km almost coincidences with the one for a length of 34 km. As
mentioned above, this is because the datasets of the WDR and PGV gradient values were generated
using the weighted mean method based on the WSP length.

4. RELATIONSHIP BETWEEN STRONG MOTION AND DAMAGE TO WATER SUPPLY
PIPELINES IN KOBE CITY

In this section, we examine the relationship between WSP damage and strong ground motion during
the 1995 Kobe earthquake. The damage to WSPs was digitized in the vector format using
paper-based maps. Figures 9, 10, and 11 show the WSP distribution, the PGV and PGV gradient
distributions, and the locations of WSP repair, respectively. The WSP damage points are defined as
the point-wise repair locations.

It can be seen from Figure 10 that approximately half of the WSP damage points coincide with an
area with a PGV value greater than 100 cm/s. However, the other half of the WSP damage points are
located on a mountain side and in areas with comparatively smaller PGV values. On the other hand, the
distribution of the PGV gradient exhibits a high correlation with the damage points, especially on the
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Figure 9. Distribution of WSPs in Kobe city. [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure 10. PGV distribution and locations of WSP damage points in Kobe city. Dots represent points of
damage to WSPs during the 1995 Kobe earthquake. [Colour figure can be viewed at wileyonlinelibrary.com]

eastern side of the map, with the WSP damage points being concentrated in the area with a PGV
gradient greater than 0.40x 107> cm/s/cm (see Figure 11). However, there are a few regions where
the WSP damage points do not overlap with the PGV gradient distribution. For example, in the
Uzugamoridai and Sumiyoshiyamate areas, which are located within the red ellipse in Figure 11, a
large number of landslides or tensile cracks were observed around places of residence, while in the
middle of Port Island severe damage due to liquefaction had occurred. The landslides and
liquefaction at these spots were caused by strong ground motion; however, the damage was not
related to a change in the motion. In order to evaluate the relationship between the WSP damage
and the PGV or the PGV gradient values quantitatively, the damage rate was defined Port Island in
the same manner as in Eq. (4).

Figure 12 shows the relationship between the WDR and the simulated PGV values for the Kobe and
Chuetsu earthquakes. For all the analyses involving the PGV, the WDR was calculated for the PGV
values averaged for a WSP length of approximately 50 km. It can be seen from the Figure 12 that
the correlation between the simulated PGV values and the WDR is better (correlation coefficient
R=0.47) than that for only the 2004 Chuetsu earthquake. Further, the correlation coefficient
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Figure 11. PGV gradient distribution and locations of WSP damage points in Kobe city. Dots represent the
points of damage to WSPs during the 1995 Kobe earthquake. [Colour figure can be viewed at
wileyonlinelibrary.com]
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Figure 12. Relationship between the WDR and PGV values. The WDR was calculated as the number of

places of damage to the WSP divided by the total length of the WSP in the grid cells. The dataset was

calculated by averaging the PGV values for a length of approximately 50 km of the WSP. The regression

line was calculated for data corresponding to both the Kobe and the Chuetsu earthquakes. [Colour figure
can be viewed at wileyonlinelibrary.com]

between the simulated PGV values and the WDR for only the Kobe earthquake was 0.79. The WDR
values for the Kobe earthquake were higher than the ones corresponding to the equivalent PGV range
for the Chuetsu earthquake. This difference between the Kobe and Chuetsu earthquakes can be
explained by the fact that the degree of liquefaction-induced damage to WSPs during the Kobe
earthquake was much larger than that during the Chuetsu earthquake. This was because liquefaction
at a site is strongly correlated to the seismic characteristics at the site, such as the PGV value and
the seismic intensity. We describe the investigation in more detail in the latter half of this section.
Figure 13 shows the relationship between the WDR and the simulated PGV gradients. It can be seen
from the figure that the correlation between the WDR and the PGV gradients (correlation coefficient
R=0.83) is even better than that between the WDR and the PGV values for the Kobe earthquake.
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Figure 13. Relationship between the WDR and the simulated PGV gradients. The WDR was calculated for
the PGV gradients averaged for a WSP length of approximately 50 km. [Colour figure can be viewed at
wileyonlinelibrary.com]
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Figure 14. Traverse lines targeted in the case study on Kobe. [Colour figure can be viewed at
wileyonlinelibrary.com]

Further, this trend is similar to the one observed in case of the 2004 Chuetsu earthquake. The data
corresponding to the Kobe earthquake confirm the relationship between the WDR and the PGV
gradient for a large range of gradient values, with the trend being the same as that in the case of the
Chuetsu earthquake. Although the data obtained using the PGV amplification factor [24] exhibited a
large variance and the accuracy of the factor was not high, it was observed that the correlation
between the WDR and the PGV gradients was high (R=0.91). This result indicated that the ground
strain increases around the boundary between two dissimilar geomorphological regions with a
marked difference in their Vs30 values, owing to which the damage to WSPs is concentrated around
the boundary. Therefore, we proposed the equation relating the PGV gradient (G, in cm/s/cm) and
the WDR (in count/km) for as a WSP damage rate estimator for future scenario earthquakes:

WDR = 46.0G*>. (6)

Herein, the lowest threshold of PGV gradient can be 1.5x 10~ cm/s/cm for Eq. (6) on the safe side.
Because, from the original data of damage to the WSPs and the PGV gradient without averaging for

51


http://wileyonlinelibrary.com
http://wileyonlinelibrary.com

Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam SESSION 2

QO Damage location O Damage location O Damage location
— Pipeline — Pipeline — Pipeline

0 02505 1 15 2 0 02505 1 1.5 2 002505 1 15 2
T EE—— S— fem N —— — T

(a) Western line (b) Central line (c) Eastern line
(Zone WDR: 1.10 count/km) (Zone WDR: 0.97 count/km)  (Zone WDR: 1.16 count/km)

Figure 15. WSP and its repair locations near the traverse lines. [Colour figure can be viewed at
wileyonlinelibrary.com]

WSP length of about 50km, no damage to the WSPs occurred under PGV gradient of
1.2%x 107> cm/s/cm in the Chuetsu and Kobe cases. From Figures 7 and 11, we can observe that
no damage points are located in meshes under the PGV gradient of 1.0x 1075 cm/s/cm.

Next, we focused on several subregions. These regions, which included three traverse lines that are
set along the gradient direction of the ground elevation and their surrounding areas, are shown in
Figure 14. The traverse lines roughly cross over the damage belt corresponding to a seismic
intensity of 7. Figures 15 shows the WSP damage locations. The pipeline and damage spots are
trimmed in the zone, which is buffered at 500 m from the traverse lines.

For these three traverse regions, we calculated the averages of the PGV and the PGV gradient within
a buffer zone 500 m from the traverse lines. The WDR was calculated for every 100m within the
500-m buffer zone along the traverse lines. Figure 16 shows the WDR, PGV, and PGV gradient
values along the traverse lines. The horizontal axis indicates the length of the traverse line from the
coast to the mountain. The region that experienced seismic activity with an intensity of 7 (denoted
by SI 7) and the liquefaction region are also shown in the upper part in Figure 16. The damage to
the WSP was concentrated on the mountain side on the western traverse line as well as in the
liquefied area next to the sea on the central and eastern traverse lines. The pipeline damage in the
liquefied area was probably due to permanent deformation resulting from the liquefaction and not
necessarily owing to the intense shaking of the ground.

The damage to the WSP on the mountain side of the western traverse line (Figures 16a and 16b)
appeared to be severe, because fragile cast-iron pipes are used widely in this area JWWA, 1996 [27]).

Regarding the PGV values simulated by Matsushima and Kawase [1], the largest values of the PGV
along the lines corresponded well with the region that experienced a JMA seismic intensity of 7. The
PGV was high along the seaside but decreased as one moved towards the mountain. It can also be seen
that the PGV values were relatively small in the areas that experienced liquefaction (Figures 16¢, 16d,
16e, and 16f). The peaks corresponding to WSP damage neither correspond to the highest PGV values
and nor to the region with a seismic intensity of 7 (Figures 16a, 16c, and 16e). On the other hand, the
results indicated that there is a high degree of agreement between pipeline damage and the PGV
gradients and not the PGV values in the regions along the western traverse line (Figure 16b).
Figures 16e and 16f also show that the distribution of WSP damage is correlated more with the
PGV gradient values than with the PGV values.

In case of the central line, the peak values of the PGV and the PGV gradients did not correspond to
the peak values of WSP damage (Figures 16c and 16d). This might be due to the occurrence of
widespread liquefaction in this region, which may have been the primary cause of WSP damage. In
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Figure 16. (a), (c), and (e) Relationships between the WDR and PGV along the western, central, and eastern

transverse lines, respectively. (b), (d), and (f) Relationships between the WDR and PGV gradient (PGVG)

along the western, central, and eastern transverse lines, respectively. The PGV and PGV gradient values

were calculated as the averages within a buffer zone 500 m from the traverse lines. [Colour figure can be
viewed at wileyonlinelibrary.com]

the case of liquefaction, pipeline damage is expected to result primarily from the permanent
deformation of the ground rather than from the shaking motion of the ground. This may explain
why measures of the ground motion such as the PGV and the PGV gradient do not show a good
correlation with the pipeline damage in this case.

Our results indicate that the PGV gradient is a better indicator of pipeline damage than is the PGV or
seismic intensity. However, it can only be used with soils that have not experienced liquefaction.

5. DISCUSSION AND CONCLUSIONS

We developed a new method to estimate the damage incurred by WSPs owing to earthquakes, based on
the ground velocity gradients, which were obtained from simulated PGV values that incorporated the
site amplifications (every 250 m). We surveyed the damage to WSPs in Ojiya and Nagaoka cities in the
Niigata prefecture during the 2004 Chuetsu earthquake and analyzed the distribution of the damage
points based on the simulated PGV and PGV gradient values as well as a geomorphologic
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classification map of the Chuetsu region. Our results indicate that the majority of the points of
damage to WSPs are located along stripes of lands with high PGV gradient values. These
gradients are associated with rapid changes in the PGV at the boundary between two dissimilar
geomorphologic units, namely, the mountainous region to the east of Nagaoka city and the
alluvial fans to the west of the city. Further, the results show that there is a statistically
significant correlation between the WSP damage and the PGV gradients. A possible explanation
for this strong correlation is that the damage incurred by underground structures such as water
and gas pipelines is due to a severe axial or shear strain of the ground surrounding the
structures, which is generated by the differential motions of the ground. We also examined the
applicability of the proposed method in understanding the characteristics of damage to WSPs in
Kobe city during the 1995 earthquake in the city. For this earthquake, the location of the WSP
damage points do not always correspond to the areas with large PGV values, in contrast to the
case for Nagaoka and Ojiya cities during the Chuetsu earthquake. On the other hand, the areas
with PGV gradients values higher than 0.4x 103 cm/s/cm showed a high degree of correlation
with the WSP damage; the exception were the areas that experienced widespread landslides or
tensile cracks in the soil. The results of the statistical analyses of the Chuetsu and Kobe
earthquakes demonstrate that the PGV gradient is correlated to a greater degree to the WSP
damage rate than is the PGV. Further, the results show that the wide range of the WSP damage
data corresponding to the two earthquakes can be explained based on a common linear empirical
relationship with the PGV gradients.

Based on the above-mentioned analyses of the Chuetsu and the Kobe earthquakes, we derived an
empirical relationship to predict the WSP damage rate from earthquakes based on the PGV
gradients. The proposed method is not applicable in the case of regions that experience widespread
liquefaction or landslides during earthquakes. We are aware that highly detailed estimates of WSP
damage from earthquakes may require information regarding the material used for the pipelines as
well as their intended function, in addition to the effects of the permanent ground displacement
induced by the landslides and liquefaction. However, we consider that the proposed method is
suitable for obtaining an initial estimate of WSP damage because of scenario earthquakes for large
regions.

APPENDIX

1. To calculate the peak velocity at the engineering bedrock with Vs=400m/s, we used the
following equation, which was proposed by Midorikawa et al. [28]:

10gARV = 1.83 — 0.66logVis30 (A1)

where ARV is the amplification factor of the PGV with respect to the engineering bedrock for
Vs=600m/s, and Vg3 is the average S-wave velocity from the surface to a depth of 30 m.

Using Eq. (A1), the values of ARV obtained by substituting V39 =400 and 350 m/s were 1.30 and
1.42, respectively. Next, we calculated the amplification factor for the engineering bedrock for 400 m/s
while taking that for 350 m/s to be 0.92 (=1.30/1.42). In this study, we obtained the peak velocities in
the engineering bedrock for 400 m/s by multiplying the amplification factor (0.92) and the peak
velocities. The peak velocity for every 250 m mesh was calculated by the spatial linear interpolation
of the one simulated by Matsushima and Kawase for a 40 m mesh [1].

2. To calculate the gradient of the simulated PGV values, we used the central finite differencing
approach (CDF):

_ Alxi + i) — A(x; — hy)

Gi
2h;

(A2)

where G; is the numerical approximation of the derivative of PGV at x; across the 7 direction (each of
the components in Eq. (3)), A; is the grid size along the 7 direction, and A is the PGV amplitude
evaluated one grid before and after the coordinate x;. For points located at the borders of the simulated
PGV arrays, we used the forward or backward finite differencing approach.
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The numerical calculation of the gradient involved two types of error: the deterministic error and the
stochastic one. By using the Taylor’s series approximation of function A, one could determine that the
deterministic error of A2 is proportional to the grid size (4). On the other hand, Brekelmans et al. [29]
showed that the stochastic error of A2 is inversely proportional to /. In the present case, we assumed
that the stochastic component in the calculation of PGV was zero. Therefore, the error in the
calculation of the gradient would only be proportional to the grid size. This meant that this error would
be bounded by the smallest possible grid, for which information regarding site amplification is
available. However, in a future work, we might consider including information on the stochastic nature
of the error by evaluating different scenarios when simulating the ground motion. This would allow us
to estimate the optimal grid spacing for the simulation in terms of the accuracy of the gradient, as
suggested by Brekelmans et al. [29].
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1.INTRODUTION Radon gas (**?Rnge), catalogue of 27 earthquakes epicenter
The Sai Gon River fault (SGRF) is a part of the of 4 monitoring station during 2006-2008 (Hung et al.,
Maeping (Song Hau) fault from Cambodia to Viet Nam 2010). Nine main methods used to: 1- Review to available

data; 2- Analysis image of remote sensing; 3- The itinerary
of geological survey; 4-Tectonophysics (Linh., 2010); 5- Iso-
top of basement, isopach of sediment (Linh et al., 2016); 6-
Coulomb stress change (Okada Y., 1992; King et al., 1994;

crossing Ho Chi Minh city (HCM) - the largest socialist
politic economic center of the nation (Figure.1a). The fault
have been studied by many geologists and there were
many remarkable achivements (Hai&Co.,1988; Duyen.,

2002; Chinh&Linh., 2008; Cat et al, 2010; Linh., 2010; Linh et Linh., 2010; Hung et al., 2010); 7- The modern movement
al, 2016). Climate Change Scenario to 2012 (MONRE., observation by GPS technology and 8-Measure intensity of
2012), flooding is about 39% HCM's area to 2100 yeas. The Radon gas exhalation (Hung et al, 2010; Linh et al,, 2016);

9- Analysis of autocompaction sediment (Meckel et al,
2007; Linh et al., 2015). The detail about these methods is
mentioned (Linh, 2010., Linh et al., 2016).

flood phenomenon in HCM is a big challenge for the
socialist economic development. Therefore, searching the
causes of flooding and it's mitigation is an imperative

request. There are many geologist to study the cause of 3.THE RESULTS AND DISCUSION
flooding in HCM and ground subsidence such as: because 3.1. Structural Characterictis of The Sai Gon
overlimit exploitation of underground water (Dinh et al,, River fault
2010; Nam et al., 2015; Laura et al., 2013), or tectonic HCM area's geological structure include: 1-Jura
moving, increasing building load, magneto-change sedimentary rock and Late Mesozoic pluton-vocanic
charecteristics of ground (Linh et al., 2016; Ky et al., 2015). complex; 2- Late Miocene-Quaternary sediment has
As result from, the scientists still have many different ideas thickness to be about 300m consist of Pleistocen and
about the causes of ground subsidence in HCM area. Holocen sediment. Holocen sediment has thicknes from
However, the cause of ground subsidence due to several metres to 40m, to ocupy about 60% HCM area. The
characsteristic of structure and modern activity of SGRF SGRF could have been formed from Early Kainozoic time
still no anybody to mention. This paper provides the (Hai &Ma., 1988; Hung et al., 2010; Linh et al., 2016).
results about structural characteristic and modern activity This paper result show that the SGRF is mainly with
of the SGRF that has a part to determine the cause of the dip - direction foward to west-south with dip of 60° -
ground subsidence. This problem imply for forecasting 86°, average of 75° has been divided into 3 fault segments
flooding in HCM area. (FS) (Figure.1b). The Tay Ninh - Dau Tieng FS has dip of 80°%
2.MATERIAL AND METHOD The Buu Long - Chau Thoi FS has dip of 78° with two active
New data used to include: aerial photographs and phases: 1-left-lateral strike-slip and 2-right- lateral strike-
Landsat TM 5 satellite; DEM-SRTM with resolution 90 slip. The Long Son-Vung Tau FS with dip of 77°, recorded 3
metres of Nasa (USA); about 100 outcrops/240km itinerary; main slip phases: 1-left-lateral strike-slip; 2-right-lateral
47 deep structure boreholes; 200 boreholes of Holocen strike-slip and 3-normal-right strike-slip (latest) with pitch
thickness analysis; 8 seismic reflection; 7 sub-bottom of 40°. The SGRF has the influent depth is about 30km as
profile lines, 5 geodynamic benchmarks (A13-Vung Tau; well forward to west-south with dip of 80° (Hung et al.,
A14-An Thoi, Can Gio, A15-Duc Hoa, Long An; A16-Tan 2010). Thickness of Holocen sediment varried from several
Uyen, Binh Duong; A17-Long Thanh, Dong Nai) monitoring metres to 40m at Can Gio and develops along strike of the
over 3 cycles from 2013 to 2015; 600 stations of measured fault (Figure.1b).
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Figure 1. Chacracteristics of structure and activity of RGRF (a-SGRF in The fault tectonic map of the South Part of Central
Part of Viet Nam; b-Modern moverment of SGRF; c-AB section of vertical throw)

3.2. Modern activity of the SGRF

The result of the modern movement observation
by GPS technology show that SGRF has normal-right strike-
slip type with horizotal rate is about 1- 1.8mm/year, in
current time. The modern relative vertical moving rate
between two sides of SGRF each other is about 22mm/year
(Figure.1c), absolute ground subsidence from Tmm/year to
19.9mm/year (in Can Gio), average depression rate is about
6+3mm/year in the foot wall of the SGRF. Uplifting to the
hard rock basement (at Vung Tau site) is of 0.8mm/year in
the hanging wall of SGRF. The active fault during Holocen
to has made the differentiated subsided structures, which
of are filled with Holocene sendiment (the maximum
thickness is about 40 meters in Can Gio) along the SGRF
development strike. It cut and vertical displaced suddenly
the Holocen sedimentary bottom-basement with throws
of 4m and 6m at Can Gio. The sediment autocompaction
with rate of 0-4.2mm/year, the medium about 2mm/year,
maximum 4.2mm/year at Can Gio. The ground medium
subsided element total is calculated about 9+3mm/year.
This result and normal-right strike-slip SGRF will help
finding one among the causes of the subsidence and the
flood phenomenon in HCM (Figure.1b, Figure.1c).

Along with strike of the SGRF, there is the
occurrence in the borehole for hot and mineral water at
Binh Loi with temperature of 31°C, exhalation radon gas
with maximum intensity of 11.000Bg/m? at Quang Trung
bridge, for My Phuoc area is nearly 2700Bg/m?, Nha Be is
from 1200Bg/m® to 2800Bg/m3. Observation of 4
monitoring stations found 56 earthquake foci during 2007-
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2008 years with magnitude from Ms = 1.3 (in Ba Ria) to 2,7
richter (in Dau Tieng) to distribute along with
development strike of SGRF (Figure.1b).

3.3. Discussion

If you think that "Exploitation groundwater
overlimit to causes the ground subsidence", so why Can
Gio area where there is seldom for exploitation
groundwater but the ground average subsided rate is
about  2-3cm/year.  Therefore, the groundwater
exploitation isn't the main reason for subsidence.
Subsidence at the HCM downtown is still only Tmm/year
(Dinh et al., 2010) or under 5mm/year (MONRE carried out
from 2005 to 2015 year by Geodesy technology). Excluding
factors to cause subsidence of HCM ground show that the
appearance with three main reasons cause the subsidence
such as autocompaction sediment, tectonic movement
and other,... example as the urbanization?

This paper result show that SGRF being active with
normal-right strike-slip type and total of the ground
subsided factors in HCM area is about 9+3mm/year,
relatively suitable with the result of Dinh et al,, 2010. So
that, what do the reason cause to subside at Can Gio to
19.9mm/year or 2-3cm/year (Ky et al., 2015). This problem
need to continue study.

That why, the modern activity of SGRF is one of the
main reasons to cause flooding in HCM nowsaday. The
forecast and evaluations about the flooding must be
consider the structure factor and activity of the SGRF as
parameters input into that and need synchronous for
planning and developing economic socialist of HCM.
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4.CONCLUSION

1-The SGRF has 3 segment of faults and the
modern active expression to be normal-right strike-slip
with pitch is about 40° and absolute movement rate:
horizontal is about 1.8mm/year and vertical is about 0.8 to
19,9 mm/year. The maximum relative depression rate of
footwall of SGRF to be 22mm/year, average of 6+3
mm/year. Dip-direction of the SGRF forward to west-south,
dip of 77-80% prolong the northwest-eastsouth strike
crossing through HCM area; its modern activity must be
consider as one of the main reasons to cause ground
subsidence and flooding in HCM area.

2-The total of ground subsided factors of HCM area
estimates to be about 9+3mm/year.

3-The forecast and flooding evaluation need be
considered and invest knowledge for autocompaction
sediment factor, structure and activity of the SGRF as the
parameters input that and need synchronous for planning
and developing economic socialist of HCM city.
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Evacuation Simulation Method Focusing on Evacuation Start

ABSTRACT

It has been clarified the number of those who did not
evacuate during the 2011 Tohoku Tsunami. In Iwate, Miyagi
and Fukushima Prefectures, the ratio of non-evacuation
people to survived people was estimated to be 11 % (Cabinet
office of Japan et. al, 2011). In the city of Ishinomaki in Miyagi
Prefecture, the ratio of non-evacuation people to dead
people was estimated to be 56.8 % (Mikami et. al, 2012). It is
important to promote evacuation measures to reduce the
number of non-evacuation people.

In the present paper, we develop the evacuation
simulation focusing on the process of evacuation start. This
simulation consists of the distinct element method (DEM)
based evacuee behavior model and the evacuee generation
model, which refer to the theoretical concept “Cooperative
creation of social reality”. People can start evacuation by
feeling a growing sense of urgency in a community, which is
cooperatively created by various stakeholders including
residents, local officials and so on. The simulation is applied
to reproduce the evacuation behaviors of the staff members
and users of the elderly care facility in Miyagi Prefecture
during the 2011 Tohoku Tsunami.

The following conclusions have been obtained. (1) The
governing equation we proposed describes the evacuation
start as follows; (1-1) various sources raises a sense of
urgency, which raise people’s awareness level of danger
(ALoD); (1-2) a person start evacuation when ALoD reaches
their own upper limit; (1-3) they raise a sense of urgency in a
community as a new source. (2) The weight is defined to
describe differences of effectiveness among sources, and the
upper limit is defined to describe a personal difference of
evacuation start. (3) The good agreement to the results from
interviews on people’s behavior is shown in the numerical
results.

KEYWORDS: evacuation simulation, evacuation start, the
sense of urgency
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1. Introduction

Past tsunamis have killed many people, especially those
who were incapable and did not evacuate in time from the
calamity area. For example, 15,894 people were killed and
2,546 are still missing after the 2011 Tohoku earthquake and
tsunami (National Police Agency, 2017). In addition, more
than 90% of the people were killed due to the tsunami. Some
reports say that more than half of the tsunami victims could
not or did not start evacuation, despite having sufficient
evacuation time (more than half an hour) and receiving
warning information about the tsunami in Ishinomaki city,
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which suffered heavy damage (e.g., Mikami, 2014). Therefore,
we think that solving the problem of starting the evacuation
is most important to mitigate human loss of life due to
tsunami disasters.

In Japan, the tsunami evacuation system (tsunami
warning information) has been used since 1952. Regarding
the start of tsunami evacuation, the following scheme has
been discussed so far (Figure 1, lower left): First, the Japan
Meteorological Agency (JMA) issues a tsunami warning and
informs people of impending danger. Second, local
governments encourage local people to begin tsunami
evacuation. Third, each person logically judges whether to
begin evacuation or not, based on his or her experience,
knowledge, etc. During the 2011 Tohoku tsunami, many
people received the information (e.g., tsunami warning,
evacuation instruction) that public agencies issued.

On the other hand, there is the viewpoint that various
agents in our society (including not only public agencies but
also local people) play important roles in starting the
tsunami evacuation. This viewpoint can be explained by the
concept of “cooperative creation of social reality” (Yamori,
2009). Yamori pointed out that people start evacuation after
feeling a growing sense of urgency in a community, which is
cooperatively created by various stakeholders including
residents, local officials, etc. (Figure 1, lower right). That is to
say, all stakeholders in our society construct the reality of
urgency, which prompts the need for evacuation in
communities. The research survey about the start of
evacuation during the 2011 Tohoku tsunami (Cabinet Office,
Government of Japan, 2012) revealed the main triggers:
strong shaking sensation for 45.6 % of the respondents,
tsunami warnings for 27.9 %, someone’s encouragement or
voice for 17.5-27.0 %, neighbors’ evacuation behaviors for
16.8 %, expected high height of the tsunami for 15.1 %, and
witnessing the tsunamifor 14.7 %. Therefore, we believe that

Radio Residents
T . Tourisls
sunemt - Exiting -
i V. puilding School [ TSunami
----- > mode  ----< evacuation
mode {on guard for a mode

ocal
earthquake) governments

Railway company

TS TS
33 9 P

oo Eis

W2 b b o> 48]
Usual mode Tsunami evacuationmode

A Intuitive judgment
[ Tsunami warning, Evacuation advisory, etc.

Figure 1: Concept of the start of evacuation (above:
schematic diagram of the start of evacuation, lower left:
usual mode based on logical judgment, lower right:
usual mode based on intuitive judgment)
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the concept of “cooperative creation of social reality” is the
key to understanding the start of tsunami evacuation at a
deeper level.

As described above, we believe that the start of
evacuation is one of the most important matters for
mitigating human loss of life due to tsunami disasters. We
especially focus on the concept of “cooperative creation of
social reality” and seek an effective method of beginning
tsunami evacuations, which is different from the approach so
far. In our concept, each person intuitively judges whether to
begin evacuation or not, affected by the reality. Figure 1
(above) shows the schematic diagram of the start of
evacuation used in our concept. First, people change from
their usual mode to an exiting building mode (being on
guard for an earthquake). Next, people change to the
tsunami evacuation mode. We developed a simulation
model for evacuee generation and have been improving it.
Here, we simulate and analyze the start of tsunami
evacuation by using the model for an elderly facility heavily
damaged by the 2011 Tohoku tsunami.

2. Method

In this study, the tsunami evacuation simulation consists
of two models: evacuee generation and evacuee behavior
(Figure 2). We developed an evacuee generation model and
combined it with an evacuee behavior model based on the
distinct element method (DEM) (Kiyono et al, 1994).

2.1 Evacuee generation model

2.1.1 Basic concept

We developed the numerical simulation model for
evacuee generation, which refers to the theoretical concept
of “cooperative creation of social reality.” This model is
explained as following three steps (Figure 3).

First, the reality of evacuation start (RES) is created by
various sources (Figure 3, left). RES is expressed as

RES(x,y,t)

= Foon (0, %,80) )" (R, (6,9, X, (0 Wy, G, 0)

is=1

where RES(x, y, t) is RES at coordinates (x,y) at the time t,
F.on(n(x,y,t)) is the function related to the conformity bias,
n, is the total number of sources that create R; (x, y, t) is the
function related to the spatial relationship between RES
RES(x,y,t) and the source ig at coordinates (x,y) at the
timet, X; (t) is the output of the source i, that has a value
of zero or one at the time t, and W (x,y,t) is the
effectiveness level of the source i; (weight). In this

simulation, F.,,(n(x,y,t)) is defined in Eq. (2) and
R; (x, y,t) is defined in Eq. (3).
45.09
= i 2
Feon(n(x,3,0)) = 14 == In(n(x,7,0)) (2)
R (x,y,t)
(0, if RES RES(x, v, t) is located outside
the effective area of the source i 3)

if RES RES(x, y, t) is located inside
the effective area of the source iy

={1,
{
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Figure 2: Composition of the tsunami evacuation
simulation
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Figure 3: Basic concept of the evacuee generation model

In Eq. (2), we applied the observation results conducted
by Milgram (1969). They focused on the relationship
between the size of a stimulus crowd, standing on a busy
street looking up at a building, and the responses of
passersby. Considering the plateau of the function shape, we
used a logarithmic approximation and formulated the
observation results.

Second, awareness level of danger (ALD) of a person is
increased gradually by feeling RES (Figure 3, center). ALD is
expressed as

ALD (6) = min{@ip,f RES(x,y,t) ds} (4)

Cipy

where ALDip (t) is ALD of the person i,, at coordinates (x,y)
at the time t and 6;  is the upper limit of ALD of the person
ip.

Third, when ALD reaches the upper limit 8, the person
starts evacuation and becomes a new source (Figure 3, right).
The function related to the activeness of i, as a source is
expressed as

0, ALD;,(t) <8y,

X, (8) = {1, ALDy () > 6, )

2.1.2 Sources that creates RES

We categorized sources that create RES depending on
the effective area of each source. Table 1 shows the four
fundamental types of sources that create RES in this model.
Every source can be categorized into (a) the whole area, (b)
the whole area with a partial non-effective area, (c) a round
shape, or (d) a round shape with a partial non-effective area.

The weights of sources imply their effectiveness level
and indicate which source is more important in our society
or in local communities. It can be set by using the research
survey regarding the triggers of the start of tsunami
evacuation.

With regard to the case of the elderly care facility during
the 2011 Tohoku tsunami, we focus on the tsunami, shouting
evacuees, and evacuating people as sources. Each weight of
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the sources that create RES is set by using Okumura et al
(2016). Table 2 summarizes the above. In this case, no source
is applied to the category (a). However, a strong shaking
sensation due to the earthquake could be applied to the
category (a), as an example.

A sound source (e.g., shouting evacuees) is often
categorized into (c) a round shape. In this model, an effective
range (audible distance) of the sound source is expressed as

dy, () = 10251550510 ®)

where d;_(t) is an effective range (m) of the sound source i,
at the time t, SI; (t) is the sound intensity (dB) that the
sound source iy makes, and SI; is the sound intensity (dB)
that people can hear. In the case of the elderly care facility,
we set the effective range of shouting as 30 m when
SI; (t) = 90 dB (constant) and SI, = 60 dB.

A visual source (e.g. evacuating people) is often
categorized into (d) a round shape with a partial non-
effective area. This category considers a non-effective area as
a place where there is a wall inside an effective area. In this
model, an effective range (visual distance) of the visual
source is expressed as

di,(t) = ky hy, 7)

where d;_(t) is an effective range of the visual source i, at
the time t (m), ky is a vision factor, and h;_ is the size of the
visual source ig. In the case of the elderly care facility, we set
the effective range of evacuating people at 110 m when
h;, = 1.65 m (mean height of the Japanese) and k, = 66.7,
according to a visual acuity test with the use of the Landolt
C. Those who could see it (7.5 cm wide) from 5 m away were
judged to have 20/20 vision.

2.1.3 Upper limit of ALD

The upper limit of ALD should differ among people
because of their individual characteristics, as determined by
their experiences, education, personality, etc. In our model,
this variety is defined as the difference of 6. We set an upper
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limit for the start of evacuation for each person. This is
expressed using a uniformly distributed random number Ti,

(0<r,<1as follows:
0;, =— ®)

Here, 6, is the upper limit of ALD for person i, and R is

a regional coefficient. The upper limit of ALD should depend
on areas because of their cultures, characteristics, etc. The
regional coefficient R expresses an areal difference
regarding the start of evacuation. This equation is defined
considering the situation wherein most people whose upper
limit of ALD 0, is not so large can start evacuation

comparatively easily. On the other hand, only a few people
will not start evacuation because their upper limit of ALD 0,

is quite large.

2.2 Evacuee behavior model

We used the evacuee behavior model based on the DEM
developed by Kiyono et al (1994). A human body is modeled
as a double circle element with a physical and psychological
radius, and the interaction between people is modeled by a
spring and damping, as shown in Figure 4. The movement of
each person is determined by solving the equation of
motion. In the case of the elderly care facility, we set the
parameters as Table 3 summarizes. In this model, each
reference velocity of the evacuee is automatically
determined using the mean, maximum, and minimum
velocity. Without external forces, an evacuee can move at the
reference velocity. When an evacuee is subjected to external
forces, solving the equation of motion, acceleration occurs
and the velocity changes. Each reference velocity on
increasing slopes is half of the normal one.

Table 1: Four fundamental types of sources that create RES

(a) Whole area

(b) Whole area (partial
non-effective area)

Image* et ) A

Strong shaking

(d) Round shape (partial
non-effective area)

T

(c) Round shape

't'["\

Tsunami siren

Example . Tsunami Shouting evacuees Evacuating people
sensation :
TV/radio
* : effective area, [ : non-effective area
Table 2: Four fundamental types of sources that create RES
Source Tsunami Shouting evacuees Evacuating people
Catggory (b) Whole area_W|th partial (c) Round shape (d) Round shapg with partial
(effective area) non-effective area non-effective area
Spat"".‘l . - 30 m from a staff member 100 m from a staff member
characteristics
Weight 3.00x108 5.25x108 3.01x108
Non-effective for Non-effective if there is a wall
Remarks -

people inside a building.

inside an effective area.
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3. Tsunami evacuation simulation in the elderly care
facility during the 2011 Tohoku tsunami

3.1 The facility during the 2011 tsunami

Here, we simulate tsunami evacuation in the elderly care
facility, located in Minami-sanriku town, heavily damaged by
the 2011 Tohoku tsunami. Figure 5 (upper) shows the
location of the facility. It is located 12-13 m above sea level
and approximately 1 km from the coastline. The spatial
model is shown in Figure 5 (lower). People in the facility were
unexpectedly attacked by the devastating tsunami because
the facility had not been identified as an expected
inundation area before the 2011 Tohoku tsunami. A total of
41 out of 69 users and one staff member out of 30 were killed
by the unexpected tsunami. According to interviews with
four staff members conducted one and a half years after the
2011 Tohoku tsunami (Okumura, et al., 2013), the tsunami
evacuation steps were as follows: First, four staff members at
the parking lot (Figure 5, lower) realized the tsunami was
flooding the town and started evacuation. Second, they
shouted to others to start evacuation. The result of the
tsunami propagation simulation indicated that it only took
160 s from the start of the evacuation of four staff members
to the tsunami reaching the facility.

3.2 Setting the initial conditions

We set the initial conditions based on the interviews
(Okumura, et al, 2013). Table 4 summarizes the initial
conditions common to the evacuee generation and evacuee
behavior models. Table 5 summarizes the initial locations of
30 staff members and 69 users. They were at the parking lot,
area B, area C, area D, or area E (Figure 5, lower).

Regarding the evacuee generation model, we set the
following sources to create RES: tsunami, shouting evacuees,
and evacuating people. Each weight of the source that
creates RES is summarized in Table 2. The tsunami as the
source was not effective for people in the elderly care facility
because they could not see the tsunami until it reached the
facility. Regarding shouting evacuees as the source, we set
the condition where every staff member shouted to others
to start evacuation. Evacuating people as the source was also
not effective if there was a wall inside an effective area.

Regarding the evacuee behavior model, we focused on
the evacuation behaviors of 30 staff members. Each staff
member took users by the hand and proceeded with the
evacuation, heading toward the goal (Figure 5, lower). Users
could not evacuate by themselves. In this simulation, we set
arule wherein a staff member takes one user by the hand and
evacuation velocity is taken to be half of the normal velocity.
The evacuation routes of four staff members at the parking
lot are given. The routes of the others are randomly
determined in the simulation.

3.3 Validation

According to the validation of the simulation results, we
set two evaluation indices based on the interview (Okumura
etal., 2013). One is that about 10 staff members had finished
the evacuation before the tsunami struck. The other is that
the staff members outside the area B (Figure 5, lower) started
evacuation as soon as they heard other staff members
shouting.

In the simulation, 12 staff members out of 30 finished the
evacuation. In addition, the simulation shows that the staff
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Figure 4: Concept of the evacuee behavior model based
on the DEM (Kiyono et al, 1994)

Table 3: Parameters of the evacuee behavior model

Mean velocity (m/s) 121
Standard deviation of the velocity 0.30
Minimum velocity (m/s) 0.67
Maximum velocity (m/s) 2.40
j
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Figure 5: Spatial condition the elderly care facility (upper:
location in Minami-sanriku town, lower: spatial model of
the simulation)

Table 4: Initial conditions
The number of people (Staff members) 30
Total time for analysis (s) 160

Table 5: Initial locations

Position Staff members  Users
Parking lot 4 0
Area A 0 0
Area B 7 15
Area C 6 15
Area D 7 17
Area E 6 22
Total 30 69
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members outside the area B started evacuation as soon as

100 T T T T T T
Tiital s—

they heard other staff members shouting. Considering the o Ly
above, the simulation is validated. e —]

3.4 Results and discussion

Figure 6 shows the snapshots of this simulation. They
reveal the different RES characteristics among the left side
(areas B and D), lower right side (near the parking lot), and
upper right side (area E) in the elderly care facility. RES in the
left side has been created for a long time. However, RES in
the lower right side is lower than in the left side and is not
created toward the end. In addition, RES in the upper right = i i i i : ]
side is not created at all. Considering the abovementioned o 2 4 60 B0 100 120 80 160
points, the area on the route toward the goal and close to the Hi e
goal is advantageous for the start of evacuation from the
viewpoint of RES. Similar results are mentioned in the
tsunami evacuation simulation of Ishinomaki city during the
2011 Tohoku tsunami (Dohi et al., 2016).

Figure 7 shows the change in the mean ALD in each area.
Focusing on the change in the whole area, it reveals three
trends: before 40 s, 40-50 s, after 50 s. The sharp increase
(40-50 s) starts as soon as the mean ALD in area C reaches
the upper limit. It means that the start of the evacuation of . o
the staff members at the area C played an important role in
effecting the start of the evacuation of others in the elderly 40
care facility.

Figure 7 also shows that the mean ALD in area E does not 2 | Whole

B —

increase at all. No staff / ==

member at the area E began evacuation in the " e Y ' ; L
simulation. This reason can be seen in the snapshots. 0 20 40 60 B0 100 120 M0 160
Focusing on the area E in Figure 6, RES is not created at all ) | Time () )
there. Therefore, the staff member there cannot start Figure 8: Degree of contribution to the change in the
evacuation. These results and discussion correspond to the mean ALD by each source that creates RES
interview result of the staff member who was at area E. She

said that she did not hear any shouting or see any evacuating

ALD [%)

Figure 7: Change in the mean ALD in each area (initial
positions of staff members)
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staff members. Finally, she was washed away by the tsunami

Figure 9: Sources that create RES during the last push of
the start of evacuation

but, fortunately, was rescued.

Fig. 8 shows the degree of contribution to the change in
the mean ALD by each source that creates RES. Fig. 9 shows
the sources that create RES during the last push of the start
of evacuation. The source of shouting evacuees is very
effective for the start of evacuation in the facility, according
to both figures. The source of evacuating people is less
effective for the start of evacuation, according to Fig. 8. On
the other hand, Fig. 9 shows that evacuating people is more
or less effective as a last push of the start of evacuation. We
can assume that many staff members increased their ALD by
feeling RES created by shouting evacuees. Finally, they
started evacuation as soon as they saw evacuating staff
members. The tsunami itself is less effective for the start of
evacuation, according to both figures. This is because the
number of staff members who can see the tsunami is limited.
Many staff members were in the facility and could not see the
tsunami.

4, Conclusions

We used the tsunami evacuation simulation, which
consists of the evacuee generation model and the evacuee
behavior model, in the elderly care facility during the 2011
Tohoku tsunami. The main conclusions of this study are
noted below:

1. We proposed the evacuee generation model
based on the “cooperative creation of social
reality.” The basic concept of this model can be
expressed as follows. First, the reality of
evacuation start (RES) is created by various
sources. Second, the awareness level of danger
(ALD) of a person is increased gradually by feeling
RES. Third, when ALD reaches the upper limit, the
person starts evacuation and becomes a new
source.

2. The simulation in the elderly care facility during
the 2011 Tohoku tsunami is validated under the
condition in which the sources that create RES
were set as shown in Table 2, and the upper limit
of ALD using a uniformly distributed random
number was set.

3. The area of the route toward the goal and close to
the goal was advantageous for the start of
evacuation from the viewpoint of RES. On the
other hand, it was difficult for the evacuation to
start in the area that was not on the route toward
the goal and was far from the goal (i.e., area E). RES
was not created in area E at all. Staff members
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there could not start evacuation because they
could not feel any RES.

4. The start of the evacuation of the staff members in
area C played an important role in effecting the
start of the evacuation of others in the elderly care
facility.

5. Shouting evacuees as a source that creates RES
was very effective for the start of evacuation in the
facility. It can be assumed that many staff
members increased their ALD by feeling RES
created by shouting evacuees. Finally, they started
evacuation as soon as they saw evacuating staff

members.
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SEISMIC RISK ASSESSMENT OF HANOI
USING THE JAPANESE METHOD

ABSTRACT

The seismic risk was assessed for a part of Hanoi by
applying a ground motion prediction formula and a
liquefaction assessment method developed in Japan. The
analysis was performed for a target area of approximately 50
square kilometers using an elevation map. Bore holes data
were also collected, and the ground of the areas lacking
boring information was assessed using microtremor
measurements. Ground motion prediction for an inland
earthquake was calculated based on the ground assessment
results. It was determined that the Mercalli intensity would be
7 or greater on the ground surface if an earthquake occurs at
an epicentral depth of less than 30 km and that the loose sand
stratum will be liquefied by this large shaking.

KEYWORDS: seismic risk, ground motion, liquefaction, bore
hole data, microtremor measuring
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1. Introduction

Although Vietnam has less seismic activity than Japan,
there are reports of seismic damage, and according to
Vietnam Academy of Science and Technology (VAST) there
are several faults in northern Vietnam. An earthquake-
resistant design code was introduced in Vietnam in 2006, and
new buildings are designed with seismic forces taken into
consideration. However, existing buildings do not have
sufficient resistance to seismic forces, and if an earthquake
occurs on one of these faults, substantial damage is expected
near its epicenter.

Hanoi, the capital city of Vietnam, is located on a
floodplain in the middle of the Red River, with large cities on
almost-flat land. Just under Hanoi, a fault runs along the Red
River, and in the worst case, an inland earthquake may occur.
In such a case, the buildings without earthquake-resistant
designs may collapse, resulting in significant damage. The
vast Red River floodplain is not uniform, having areas of
ground where the earthquake motion is particularly large or
the sand may liquefy. Predicting the degree of damage
through a prior assessment will allow disaster-reduction
measures to be taken. Therefore, understanding the seismic
risk by assessing Hanoi’'s ground condition will give us
important information.

Japan is a country where earthquakes occur frequently,
and seismic risk can be established based on ground
assessment data that becomes the basic information for
disaster-prevention measures. Japan Seismic Hazard
Information System (J-SHIS) which is developed by National
Research Institute for Earth Science and Disaster Resilience
(NIED) is one source of publicly-available seismic risk data.
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This data shows the predicted impact of future quakes based
on seismic activity probabilities and the results of ground
assessment across Japan. Although the ground assessment
method and earthquake prediction methods used are based
on data acquired in Japan, we assume that these methods can
also be utilized in other countries. In Japan, the PL value
represents the soil liquefaction riskindex, and it is desirable to
take measures to address potential liquefaction in areas
where the PL value is large. The Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) has published a
worksheet calculation program so that the soil liquefaction
risk for a housing site can easily be assessed; the soil
liquefaction risk is automatically calculated when values
based on subsurface investigation data are entered.

This study attempts to assess the seismic risk of Hanoi by
applying these Japanese disaster-prevention techniques to
the ground data of several districts in Hanoi. The seismic
activity is assumed to occur approximately once every 1,000
years, and by simulating the quake hypocenter at different
depths, the size of an earthquake that may affect Hanoi can
be assessed. We also attempted to assess the soil liquefaction
risk using the PL value. The method used in this research could
be developed to apply to all areas of Hanoi, and we believe
that these risk assessment results will provide essential data
for considering disaster prevention for Hanoi.

2, Earthquakes environment and landforms of Hanoi

According to studies by Vietnam, there are numerous fault
zones running in the northwest to the southeast direction in
Northern Vietnam, and the Red River fault zone, assessed to
have moderate seismic activity, passes through Hanoi City.
According to the published map from VAST, the magnitude of
the earthquake predicted to occur once every 1,000 years in
Hanoi is 6.2. Small- to medium-sized earthquakes have been
confirmed along the fault zone. Although no large earthquake
has been confirmed in the history of Hanoi, because it lies on
afault band, it is necessary to understand the risks anticipated
when a future earthquake occurs.

In Vietnam, micro-topographic maps and subsurface
geological maps of the entire country are available to the
public. The scales are rough, but an outline of the ground
conditions can be understood. The whole of Hanoi is located
mostly in the floodplain, and the subsurface geology is a Thai
Binh stratum throughout the city. Although this is a stratum
in the floodplain that contains a large portion of clay, further
detailed information could not be obtained.

Therefore, an elevation map was created using the DEM
data. The area targeted in this study is 7 km x 7 km, centered
on the Ba Dinh district of Hanoi. The Old City and government
agencies of Hanoi are located in this district. Figure 1 shows
the created elevation map. The elevation of the target area is
5m to 15 m, and the map shows that most of the area has an
elevation of 10 m or lower. Levees built along the rivers and
lakes are 10 m or taller, and the levee built between the Ho
Thai Lake and the Red River has an elevation of 15 m. The
elevation near the Old City, where the government agencies
are located, is approximately 10 m. Many ponds are scattered
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in the lowland region of the area of interest, and this area may
have once been a channel. Even terrain that may look flat at
first glance has a height difference of about 10 m.
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Figure1: Elevation map of the target area(red circle: bore
data point, blue circle: micro tremor point)

3. Assessment of ground environment

We could acquire data from 22 bore holes in the area of
interest which are shown in Figure1 as red numbers. Although
the thicknesses of the strata differed, the bore holes data
resulted in similar data. The area is composed of four strata, in
order from the top: the Thai Binh and the Hai Hung strata,
which are both alluvial clay, the Vinh Phuc stratum, consisting
of alluvial sand, and the Hanoi stratum, which consists of
diluvium. There are cases where clay and sand are mixed in
the alluvium.

Next, we calculated the natural period of the ground TG.
The natural period of the ground is assessment value required
for construction design, and a longer natural period indicates
softer ground. A formula from Specifications for Highway
Bridges is used for this calculation. Equation (1) is the formula,
and the natural period is four times the time it takes for a shear
wave to pass through the subsurface.

TG = 43 Hi/Vsi (1

Where Hi is depth of each layer and Vsi is the shear wave
velocity of the layer numbered as i.

The shear wave velocity, Vs, can be estimated empirically
from the N value of SPT. The resulting values are between 0.5
and 1.0 s, confirming that this ground requires caution when
designing earthquake-resistant structures.

The average S-wave velocity, AVS30, as well as the natural
period of the ground are important criteria for ground
assessment. The AVS30 is the average value of the shear wave
velocities up to 30 m below the surface, and the smaller the
value is, the softer the ground. In J-SHIS, ground motion is
predicted using a subsurface amplification factor that is based
on the AVS30. The formula is beneath.

AVS30 = (ZHi*Vsi)/30 )

As with TG, the shear wave velocity can be estimated from
the N value. AVS30 values calculated using the data from the
18 bore holes data that reached depths of 30 m or greater. The
calculation results are between 170 m/s and 220 m/s, and the
values are small due to the soft clay stratum in the central part
of the target area.

Of the 22 bore holes data, 12 reached the diluvium.
Because the amount of boring data is limited relative to the
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surface area, the ground was also assessed using microtremor
analysis to supplement the boring data. The H/V spectrum of
the microtremor indicates the characteristics of a Rayleigh
wave transmitted through the subsurface, and the peak
frequency of the spectrum is similar to the normal-mode
frequency. In this study, a velocity meter (NewPIC, System and
Data Research Co., Ltd.) was used, and measurements were
taken in 45 places shown in Figure 1 as blue numbers. The H/V
spectrum is calculated by applying the Fourier transform to
the measured waveforms in the vertical and horizontal
directions, and, after smoothing using the moving average,
the horizontal and vertical ratios were calculated, and the
average of the two directions was calculated. A single
measurement was approximately 40 seconds, and four to six
measurements were taken per point. The average was
calculated, excluding noisy data, and the H/V spectrum was
determined for each observation point.

The natural period of the ground, TG, calculated from the
boring data and the peak frequency acquired by the micro-
tremor is compared with the predominant period obtained by
converting the period. The predominant period obtained
from the tremor is slightly larger; however, it is confirmed that
the two are roughly consistent.

The ground vibration characteristic is assessed using both
the TG from the boring data and the predominant period from
the microtremor data. Figure 2 shows a map of the natural
period of the ground. We can see that there is ground with a
period of approximately one second in the downstream area
of the Red River. Where the ponds are scattered, there is
ground with a period of approximately one second that
means to quake with large amplitude. From the tremor
measurement results, it can be confirmed that the levee along
the Red River has a period of approximately 0.7 seconds. The
period around the Old City is relatively short, approximately
0.5 seconds.
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Figure 2: Distribution of estimated natural period TG

4. Prediction of ground motion during an inland
earthquake

Ground motion is estimated using the prediction equation
in J-SHIS and the results obtained in Chapter 3. The simple
ground motion prediction formula in J-SHIS has two stages.
First, PGVb600, which is the maximum velocity in the bedrock
of a shear wave velocity of 600 m/s, is calculated using the
attenuation formula from the fault, whose functions include
the magnitude, seismic depth, and shortest fault length. For
this calculation, the target area is assumed to have a
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horizontal fault plane just beneath it, and the same values are
used for the epicentral depth and fault length. A magnitude
of 6.2 is used based on past research. The epicentral depth is
unknown, so calculations are performed for three depths: 10
km, 20 km, and 30 km. In these simulations, the maximum
velocity in the bedrock directly under the district of interest is
calculated to be a constant value in each case.

Next, the maximum velocity of the ground surface is
calculated by multiplying the amplification factor, R,
calculated from the AVS30, times the estimated velocity in the
bedrock. The formula of R is beneath.

3

The greater the AVS30, the greater the maximum velocity.
Although both the attenuation formula and the amplification
factor are regression formulas based on Japanese data, we
assume that they are used for Vietnam as they are the same in
Vietnam. Figure 3 shows the map of amplification factor R.

logR = 2.367 —0.852log AVS30

Figure 4 shows the simulation results at the depths of
20km. The maximum velocity of the ground surface is
approximately 30 cm/s The results of depth of 10 km and
30km are about 40cm/s and 20cm/s respectively. In all three
cases, the maximum velocity is greatest near the center of the
target area, where the soft clay is deposited. We found that,
when this maximum velocity is converted to the Mercalli
intensity scale, it is a large quake of 7 to 8.
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inland earthquake in case of 20km depth
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5. Assessing soil liquefaction risk using PL value

The target area may experience liquefaction when an
earthquake occurs directly beneath it if there is a loose sand
stratum. We performed a liquefaction assessment using the
bore holes data obtained in this study. The criteria to
determine is the PL value, and software released by the City
Bureau and National Institute for Land and Infrastructure
Management (NILM) of MLIT that determines the liquefaction
risk of a housing site was used. This software provides
assessments based on the Building Foundation Structure
Design Guidelines and on Specifications for Highway Bridges,
and in this study, we adopted the assessment calculation
methodology of the latter.

In the liquefaction assessment calculation, the shear stress
(L) acting on each stratum and the liquefaction resistance
force (R) are calculated to determine the ratio such that
FL=R/L. If the value of FL is 1 or smaller, the soil will liquefy,
and if it is greater than 1, the soil will not liquefy. The smaller
the FL value, the greater the soil liquefaction risk. The PL value
is an index calculated, for those areas where FL <1, by
adjusting the calculated FL value from the ground surface to
20 m deep. The greater the PL value is, the greater the soil
liquefaction risk is at that point. The formula is beneath.

PL=[(1-FL(2))(10-0.52)dz (0<z<20m) (4)

Where z means coordinate of vertical depth from the surface,
and FL (z) is FL Value at z m depth with the condition to be set
to FL = 1, if the FL Value exceeds 1 at the depth. The thicker
the liquefying stratum is, or the smaller the FL value is, the
larger the PL value becomes.

The shear stress acting on the stratum is proportional to
the acceleration of the ground surface. Per Specifications for
Highway Bridges, the horizontal seismic coefficient, kh, is
selected and used in the calculations. In this study, the
calculations were performed for two cases: kh=0.12 and
kh=0.2. The standard horizontal seismic coefficient for a
Vietnamese building with an earthquake-resistant design is
kh = 0.12, and kh = 0.2 is the standard horizontal seismic
intensity for designs in Japan. According to the ground
motion prediction for inland earthquakes, this degree of
acceleration is assumed to be generated.

The calculation results for the PL values are shown in
Figure 5. Twelve pieces of boring data were used. This map is
roughly interpolated because only twelve data were used and
liquefaction depends on local stratum condition. We assumed
as the strata of surface gradually changed. The ground surface
of the area of interest consists mainly of clay, but there are
some sand strata mixed in some areas. For kh = 0.12, the PL
value is small, and the soil liquefaction risk is low. On the other
hand, for kh = 0.2, there are two areas with large PL values.
The first, a point near Ho Thai Lake, although in an area of soft
clay stratum, has a small plasticity index, Ip, which resultsin a
high risk of liquefaction according to the Japanese judgement
rule. The other, at a point along the Red River, the soft sand
stratum is shallow, resulting in a large PL value.

In the case where a large earthquake occurs that
significantly exceeds the horizontal seismic design coefficient
for Vietnam, a possibility exists that the loose sand strata in
the floodplain will liquefy, causing substantial damage.
However, the assessment method used in this research is an
estimation formula developed in Japan, and it is necessary to
estimate Japanese formula and consider the application
conditions. Additionally, the interpolated map is too rough,
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because of the condition with one bore hole in four square
More detail

kilometers. estimation is needed about

liquefaction.
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Figure 5: PL Value Map at the condition of horizontal seismic
force kh=0.2

6. Conclusion

The seismic risk was assessed for a part of Hanoi by
applying a ground motion prediction formula and a
liquefaction assessment method developed in Japan. The
analysis was performed for a target area of approximately 50
square kilometers using an elevation map. Bore holes data
were also collected, and the ground of the areas lacking
boring information was assessed using microtremor
measurements. Although these assessments were conducted
for a small area, the ground’s characteristics differed.

In addition, ground motion prediction for an inland
earthquake was calculated based on the ground assessment
results. It was determined that the Mercalli intensity would be
7 or greater on the ground surface if an earthquake occurs at
an epicentral depth within 30 km and that the loose sand
stratum will also likely be liquefied by this large shaking. The
risk of earthquakes and soil liquefaction are significantly
influenced by the assumed earthquake, but it is necessary to
think of the worst case because there is a fault zone beneath
the city. Because only a part of Hanoi was analyzed in this
study, it is desirable to study a larger area of the city. In
addition, although the Japanese estimation formula was
applied as-is, it is necessary to verify its validity for use in
Vietnam.
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STUDY ON NUMERICAL ANALYSIS OF IMPACT RESPONSE OF CONCRETE PLATE
SUBJECTED TO MIDIUM SPEED COLLISION OF STEEL PROJECTILE

ABSTRACT

Tokyo Electric Power Services Co. Ltd. and National
Defense Academy of Japan conducted a medium speed
collision experiment between a steel projectile and a
concrete plate. In this study, numerical analysis of this
collision experiment was conducted using a Refined DEM. In
the experiment, three failure modes were observed,
penetration, surface failure only, and backside failure. By
improving a stress-strain model, the analysis results showed
good agreements with the experiment.

KEYWORDS: Collision phenomena, Concrete plate, Steel
projectile, Refined DEM
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1. Introduction

The number of annual tornado occurrence is high in
Japan. From 2012 to 2016, 87 tornadoes occur in average
per year in Japan. In some cases, tornado was so strong that
some people got injured or even killed by tornado. As an
example, in 2013, 76 people got injured, and 247 houses
were damaged due to tornado in Saitama prefecture [1].
Strong tornadoes can blow off even heavy objects such as
steel pipes or vehicles. The velocity of a flying object is
roughly around several ten m/s [2]. We define this velocity
range as “medium speed” since this is larger than the
earthquake shaking but smaller than the impact by missile.

If a strong tornado attacks a nuclear power plant and breaks
some components, hazardous radioactive materials might
come out. This will cause very severe damages. Therefore, a
tornado is crucial especially for nuclear power plants.
Nevertheless, researches on medium speed collision
phenomena is not enough. For these reasons, Tokyo Electric
Power Services Co. Ltd. conducted an experimental
research on the impact response of a concrete plate
subjected to medium speed collision by a steel projectile.

National Defense Academy of Japan developed a launch
device [3,4]. This device can reproduce collision phenomena
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under various values of the initial velocity of the projectile.
Using this device, Tokyo Electric Power Services Co. Ltd. and
National Defense Academy of Japan conducted an
experiment, investigated the failure mode of concrete
plates and measured the movement of the steel projectile
[4].

In this research, the numerical analysis of collision
phenomena is done with a refined DEM [5]. The objective is
to improve stress-strain model of the refined DEM so that
the analytical results match the experimental results.

2. Analysis Method

2.1 Refined DEM

This study employs a refined DEM [5] to simulate a
series of structural dynamic behaviors from elastic to failure
to collapse phenomena. A structure is modeled as an
assembly of rigid elements, and interaction between
elements is modeled with multiple springs and multiple
dashpots that are attached to the surfaces of elements. Fig.
1(a) shows a spring for computing the restoring force
(restoring spring), which models the elasticity of elements.
The restoring spring is set between continuous elements.
Fig. 1(b) shows a spring and dashpot for computing the
contact force (contact spring and dashpot) and modeling
the contact, separation and recontact between elements.
The dashpots are introduced to express energy dissipation
due to the contact. Structural failure is modeled as breakage
of the restoring spring, at which time the restoring spring is
replaced with a contact spring and a contact dashpot.
Structural collapse behavior is obtained using these springs
and dashpots. The elements shown in Figs. 1(a) and (b) are
rectangular parallelepipeds, but the method does not limit
the geometry of the elements. The surface of an element is
divided into small segments as shown in Fig. 1(c). A
segment in the figure is rectangular, but the method does
not limit the geometry of the segment. The black points
indicate the representative point of each segment, and the
relative displacement or contact displacement between
elements is computed for these points. Such points are
referred to as contact points or master points in this study.
One restoring spring and one combination of contact
spring and dashpot are attached to one segment at each of
the representative points in Fig. 1(c). The spring constant for
each segment is derived on the basis of the stress—strain
relationship of the material and the segment area.

sy RS PRE; )

p

(a) Restoring spring  (b) Contact spring (c) Segments and
and dashpots  contact points
Figure 1: Basic concept of analysis method
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Forces acting on each element are obtained by
summing the restoring force, contact force and other
external forces such as the gravitational force and inertial
force of an earthquake. The behavior of an element consists
of the translational behavior of the center of gravity and the
rotational behavior around the center of gravity. The
translational and rotational behaviors of each element are
computed explicitly by solving Newton’s law of motion and
Euler's equation of motion.

2.2 Spring constant of each element

There are two types of springs, namely restoring and
contact springs. It is considered that each segment has its
own spring. The springs are set for both the normal and
shear directions of the surface. The spring constants per
area in the normal and shear directions, k, and ks, are
obtained as follows.

et o -_E M
"d=vHL T 21+ v)A

where E is Young’'s modulus, vis Poisson’s ratio, and A is the
distance from the surface at which the spring is connected
to the center of gravity.

2.3 Modeling of elastic behavior

It is assumed that two elements, A and B, are
continuous, and that a contact point of element A is
continuous with element B. Let G4 and Gs be the centers of
gravity of elements A and B respectively. Let A be the
distance from Ga to the surface of element A in contact. Let
As be the distance from Gs to the surface of element B in
contact. Let Ea and Es be Young’s moduli and 14 and s be
Poisson'’s ratios of elements A and B.
The spring constants per area for the elements A and B are
obtained from Eqg. (1). Assuming that these springs are
connected in series, the spring constants between elements
perarea, j and k,.are

1 - 1
’ Ay + Ay o Ay A
E /(1-v2) E,/(1-v}) E, [2(1+v,) E,/2(1+v,)
(2)
The normal direction of forces is the direction perpendicular
to the surface of the master point of element A.
Let o and 1 be the normal and shear stresses acting at the
contact point, and u, and us be the relative displacements
between the adjacent master and slave points in the normal
and shear directions. The relation between traction (g; 1)
and relative displacements (ux, us) is then written as
O = l;nu" 1T ZIEJ/{X' (3)
The elastic behavior of structures is demonstrated by the
multiple restoring springs between continuous elements
until the restoring force of a spring reaches its elastic limit.
The elastic limits are modeled using criteria of tension and
compression failure. When a spring reaches one of these
limits, it is judged that failure has occurred at the segment
of the spring. After the failure, the restoring spring is
replaced with a contact spring and dashpot at this segment.

2.4 Modeling of contact and recontact between
elements

If a segment of an element is in contact with another
element with which the segment is not continuous via the
restoring spring, the contact spring and dashpot generate
the contact force. Contact between a segment and the
surface of another element is detected at each time step for
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all segments that are not continuous with other elements
via a restoring spring. The spring constant and the contact
forces in the normal and shear directions are calculated in
the same manner as for the restoring force. The differences
from the case for the restoring force are that the contact
force is generated only while the compression force acts.
The dashpot is introduced to express the energy dissipation
of the contact. The damping coefficient per area is
calculated as follows.

¢, =2h, ¢, =2h,
where h, and hs are the damping constants for the normal
and shear directions. mae is the equivalent mass per area
relevant to this contact. In this study, mae is calculated as

My, = Py + Pyhy &)

m_ k. (4)

ave's

m_k

ave'*n

where pa and ps are the mass densities of elements A and B.
The damping constants should be evaluated according to
the properties of the elements, but this study assumed
damping ratio is zero (h, = hs = 0.0) since the experimental
behavior could be traced without damping.

2.5 Equations of Motion

The equations of motion can be constructed using the
restoring and contact forces and other external forces. The
motion of each element is obtained by solving the two
equations of motion. One is the equation for the
translational motion of the center of gravity, and the other
is the equation for the rotational motion around the center
of gravity. By solving the equations of motion step by step,
the position of each element can be traced, and the whole
structural behavior can be obtained.

3. Numerical Analysis of the Collision Test

3.1 Overview of collision test

National Defense Academy of Japan developed a
launch device (Figure 2). This device can create various
collision phenomena using compressive air pressure. They
caused several medium speed collision phenomena for
various conditions, changing velocity of the projectile or
thickness of the concrete plate (Table 1). For each case,
failure mode of the concrete plate (Figure 3), movement of
the steel projectile were measured.

Figure 2: Experient setup
(left: launch device, right :projectile)

Table 1:  Experimetal case and its failure mode

Thickness of Velocity .
Case Failure mode
concrete [cm] [m/s]
a 10 69.7 Penetration
b 20 56.7 Front failure
C 20 81.2 Backside failure
d 30 81.9 Front failure
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a)Case a (front) b)Case b (front)

c)Case c(left:front, right:backside) d)Case d (front)
F|gure 3: Failure mode observed in the experiment

20 122.5
e

(a)side view (b)front view c)backside view
Figure 4: Analytical model (unlt. cm)

(a) y-zplane (b) x-y and x-z plane
Figure 5: Arrangement of elements

3.2 Analytical model

Analytical model is shown in Fig.4. A concrete plate is
shown in gray, a projectile is shown in brown, and a fixed
basement is shown in red. The concrete plate has the width
and height of 122.5cm. The depth is 10cm for case a, 20cm
for case b and case ¢, and 30cm for case d. The concrete was
modeled as an assembly of small element with the width
and height of 3.0625cm and depth of 2.5cm. Arrangement
of elements for each plane is shown in Figure 5. The
elements was arranged so that the boundary between
elements in x-y and x-z plane is not in a straight line.
Therefore, element size in the even column is halved.

A steel projectile was simply modeled with one
rectangular paralellepiped element. The section size is 9cm
x 9cm and the length is 43cm.

The distance between a projectile and a concrete plate at
the initial condition is 2.6cm. The initial velocity shown in
Table 1 was applied to the projectile.

3.3 Analytical model

Analytical parameters used was determined based on the
element experiment. The projectile has the mass of 8.3kg,
Young’s modulus of 2.05x10"" N/m?, poisson’s ratio of 0.
Concrete plate has the density of 2.3x10% kg/m?, Young's
modulus 2.793x10' N/m? and poisson'’s ratio of 0.2. As for
the
ultimate compression strength after compression failure is

concrete, the compression strength is fc=4.5x107 N/m?,
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fo=2.5x107 N/m?, tensile strength is f=4.5x10° N/m2 The

fracture energy Gr[N/m] was estimated using the equation
below [6].

GF:1 O(dmax)vs fck1/3 (6)
where dmaxis largest size of coarse aggregate and the value
of 20cm was assumed. f« is desing strength and the value of
compression strength was used.

As for dashpot, the damping ratio of 0.0 was used since
the analytical results matched the experimental results
when zero value was used.

Time interval of 8.0x107s was used.

3.4 Effect of stress-strain model in compression on
analytical result
First, the analytical results using three different stress-
strain models in compression as shown in Figure 6 were
compared with the experimental result of case b. The
tension softening was considered in all models. In the
model of Figure 6(a), the compression softening was simply
modled using the ultimate strength f, which is smaller than

Stress Stress

7 fe 7
ch

N f

(a)Softning model(proposed) (b)Perfectly elastoplastic (f.)

Stress

Strain Strain

fe

fc2

Strain

fe

(c) Perfectly elastoplastic (f.2)
Figure 6: Comparison of stress-strain models in compression
(Softening in tension is considered. )
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0 1 2 3 4 5
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(a)Displacement history of a projectile
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50
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(b)Velocity history of a projectile
Figure 7: Effect of stress-strain model in compression
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(a)Softening (Proposed) (b)No softening with failure energy
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fe
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(c)No softening neglecting failure energy
Figure 8: Comparison of stress-strain models in tension
(Softening in compression is considered. )
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(b)Velocity history of a projectile
Figure 9: Effect of stress-strain model in tension

the compression strength f.. In models of Figure 6(b) and (c),
the perfectly elastoplastic model was used and no
compression softening was considered. The model of
Figure 6(b) has the strength of f. and that of Figure 6(c) has
the strength of fe.

The results are shown in Figure 7. The analytical result
using compression softening model (Figure 6(a)) showed
good agreement with the experiment compared to two
perfectly elasitc models (Figure 6(b)(c)). It was found that
considering the compression softening was necessary and
the validity of stress-strain model of Figure 6(a) was
confirmed.

3.5 Effect of stress-strain model in tension on
analytical result

Next, the analytical results using three different stress-
strain models in tension as shown in Figure 8 were
compared with the experimental result of case b. The
compression softening was considered in all models. The
model of Figure 8(a) is the same with the model of Figure
6(a), and the tension softening and the fracture energy was
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both considered. In the model of Figure 8(b), the tension
softening was neglected but the fracture energy was
considered so that the hatched areas of Figure 8(a) and 8(b)
become same. Therefore, the tensile strength of Figure 8(b)
is larger than that of the model of Figure 8(a). In the model
of Figure 8(c), the tensile strength was considered but the
tension softening and fracture energy were both neglected.

The results are shown in Figure 9. The analytical results
using Figure 8(a) and 8(b) models considering fracture
energy were almost same and showed good agreement
with the experimental one. However, the analytical results
using Figure 8(c) model neglecting fracture energy
overestimated the displacement. From these comparison, it
was found that considering the fracture energy is very
important in this simulation.

Based on the results, the stress-strain model
considering both compression softening and tension
softening was found to be the best choice.

3.6 Analysis of collision test

The stress-strain model of Figure 6(a) was used for all
cases. The comparison of displacement and velocity
histories of the steel projectile are shown in Figure 10. The
concrete plate after collision is shown in Figure 11.

In case a where the projectile penetrated the concrete
plate in the experiment, the analytical results also showed
the “penetrating” behavior as shown in Figure 10(a) an
Figure 11(a). The failure modes in Figure 3(a) and Figure
11(a) look very similar. Since the displacement and velocity

160
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E_ 40 . 820
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2 3 5 o 1 2 3 4 5
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(d)Case d (Front failure)
Figure 10: Comparison of analytical and experimental
displacement and velocity histories
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LN

a) Case a (Penetration)

R

b) Case b(Front failure)

e

¢) Case c (Backside failure)

i

d) Case d(Front failure)
Flgure 11: Analytical results
(left: front view, middle: backside view, right: side view)

histoires were not measured in the experiment, the
analytical displacement and velocity hisotires are only
shown in Figure 10(a).

For cases b and d where the front failure occured in the
experiment as shown in Figure 3(b) and 3(d), the analytical
displacement and velocity histories showed very good
agreement with the experimental ones as shown in Figure
10(b) and 10(d). Moreover, only failure occured on the front
side of the concrete in the analysis as shown in Figure 11(b)
and 11(d). The concrete plates showed the same failure
mode “front failure” in the analysis and experiment.

For case ¢ where the backside failure occured in the
experiment as shown in Figure 3(c), the analytical
displacement and velocity histories showed very good
agreement with the experimental ones as shown in Figure
10(c). Moreover, the the failure occured both in the front
and backside of the concrete in the analsis as shown in
Figure 11(c). The concrete plate showed the same failure
mode “backside failure” in the analysis and experiment.
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As shown above, by introducing the stress-strain model
with compression softening and tension softening into the
refiend DEM, the collision behavior could be traced by the
simulation in good accuracy.

4. Conclusions

In this study, numerical analysis with the refined DEM
was conducted for medium speed collision phenomena
between a steel projectile and a concrete plate.

An improved stress-strain model for the refined DEM
was proposed where the compression softening and
tension softening of concrete were both taken into account.

Using the newly introduced stress-strain model, the
collision experiment was simulated. Analytical results of the
collision experiment showed good agreements with the
experiment. Three failure modes of concrete plates, namely
penetration, front failure and backside failure were all
simulated. Moreover, the displacement and velocity
histories of the steel projectile showed very good
agreement in the analysis and experiment.

The validity of the newly introduced stress-strain model
was confirmed and the applicability of the refined DEM into
the collision phenomena was verified.
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GEOSYNTHETIC ENCASED COLUMN - AN ALTERNATIVE OF TECHNICAL SOLUTIONS IN
SOFT SOIL IMPROVEMENT FOR CONSTRUCTION WORKS IN VIET NAM

COC BOC VAI DIA KY THUAT - MOT GIAI PHAP KY THUAT TRONG CAI TAO NEN DAT YEU
CHO CAC CONG TRINH XAY DUNG O VIET NAM

ABSTRACT

Several technical solutions such as prefabricated
vertical drain (PVD), surface and deep compaction, vacuum
drainage, preloading as well as stone column with/without
geotextile have been available in soft soil improvement for
the construction of structures such as a heavy load building
- power plant, storage tanks - petroleum refinery and so on.
One of efficient solutions is to use geosynthetic encased
columns transferring the loads of the large and rigid
structures to stronger soil layers which reduce significantly
not only settlement but also consolidation time. The paper
presents a study on the use of geosynthetic encased
column as an alternative solution for the land reclamation
in cases of an extension of fabrication yard PTSC-MC and
power plant Nhon Trach 2 (NT2) project. The proposed
solution is also compared with other methods and the
results are shown.

KEYWORDS: Geosynthetic encased column,
improvement, settlement
TOM TAT

Nhiéu giai phap ky thuat nhu bac tham, nén chat dat,
bom hdt chan khéng, gia tai trudc cling nhu coc da két hgp
hoac khong két hop vai dia ky thuat duoc biét dén la cac
gidi phap cai tao nén dat yéu cho cac cong trinh xay dung vi
du nhu cac cong trinh tai trong 16n - nha may nang lugng,
bon chiia - nha may loc dau. Mot gidi phap hiéu qua la s
dung coc boc vai dia ky thuat c6 tac dung truyén tai trong
cla cac céng trinh 16n, cliing xudng céc I6p dat tét nham
gidm dang k& do Iun va thai gian c6 két cla dat nén. Bai
bao gidi thiéu nghién ctiu st dung coc boc vai dia ky thuat
nhu mot gidi phap ky thuat dp dung cho du dn ma réng bai
ché tao PTSC-MC va du &n nha may dién Nhon Trach 2. Giai
phap dé xuat dugc so sanh vai mét sé phuang phap khéac
va két qua ciing dugc trinh bay trong bai bao nay.

soft soil

TU KHOA: coc boc vdi dia ky thudt, cdi tao dét yéu, d@é lun
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1. Introduction

Vietnam has a large coastline area exceeding more than
3260 kms and the Mekong Delta is known as an area of
complex river systems and is one of the areas with very
poor subsoil. Soft soil is one of the biggest challenges for
engineers because of low bearing capacity, high
compressibility, low permeability etc. A lot of industrial
parks, petroleum refinery, thermal power plants and
infrastructure are under construction in the Mekong Delta
and along-shore. Many ground improvement techniques
are considered and applied in practice in these areas. These
methods include precast drainage (PVD), surface and deep
compression, vacuum drainage, preloading, stone/sand
columns etc. Ground improvement techniques must be
carefully investigated to provide the required performance,
constructability, time and overall cost. A further
development of well-known stone/sand column
foundations is the geotextile encased stone/sand column,
in contrast to conventional column foundations, encased
columns can also be used as a ground improvement and
bearing system in very soft soils with undrained shear
strength cu < 5 kN/m? This method is used successfully
worldwide in Germany, the Netherlands, Sweden, ltaly,
Russia, Brazil and Poland' but has not been researched and
applied in Vietnam. This paper summarizes the results
settlement of prefabricated vertical drains combined with
vacuum and surcharging for improvement of foundation
clays at a land reclamation site in powerplant NT2 and
settlement of stone/sand columns for ground improvement
at fabrication yard of PTSC-MC. Analytical settlement
calculation of the encased stone/sand columns were made
and compared with those methods above.

2. Methodology

The principle treatment stratums almost are soft clay
or marine clay with high water content, and large void ratio,
which has low ground bearing capacity and need to be
improved. According to experiences, this stratum present
poor drainage property, long consolidation duration and
time for strength gain. Particularly, because of low
permeability, long consolidation time will be expected. To
meet all these highly requirements, some ground
improvement technologies are widely applied in Vietnam
as below:

2.1 Vertical Drain + Surcharge and Vacuum
consolidation

Vertical drains are inserted into the soft soil layer and a
sand blanket (draining layer) is installed above to convey
water to the periphery of the treated zone before discharge
in the environment.

1 Dimiter Alexiew, Marc Raithel
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Surcharge material is then added to accelerate the
consolidation process, but care shall be taken to the raising
speed of the height of the embankment. At various stages
of the consolidation, the consolidation layer can only stand
a certain load bearing capacity and the critical raising speed
shall never be exceeded for risk of general slope failure.

Vacuum preloading consolidation method s
applicable to soft soils, especially deep soft soils with a high
demand of post-treatment settlement. In this method,
vacuum efforts are used to complete the consolidation of
most soil masses, controlling post-treatment settlement of
deep soils.

Vacuum consolidation method is a proprietary system
used for preloading and consolidation soft and very soft
saturated impervious soils. The procedure consists of
installing vertical and horizontal drainage under an airtight
impervious membrane and evacuating the air below the
membrane thus imposing an atmospheric pressure on the
soft soil.

This vacuum loading process creates an accelerated
isotropic consolidation in the soil mass in a relatively short
time thereby eliminating the need for long-term and
potentially unstable surcharge loads.

2.2 Stone/Sand column

Stone/sand column acts both as a drainage column as
well as an inclusion, with a modulus higher than the
surrounding clay layer. The application of a surcharge is
necessary to mobilize the friction and dissipate the pore
pressure that is formed during the installation process. A
layer of granular material of sufficient thickness is necessary

SESSION 3

between the underface of shallow foundation and the top
of the inclusion, so that an arch can develop.

2.3 Encased stone/sand column

To keep the drainage function, and to improve the
stone columns as reinforcing elements, geosynthetics are
used for column encasement. Encasing stone/sand column
with geosynthetics was recommended to enhance the
lateral column confinement which resulting on increasing
load-bearing capacity. Additionally, encasement prevents
the lateral squeezing of stones into the surrounding soil
and vice versa.

3. Behaviors of Stone Column/Encased Stone Column,
PVD/Encased Stone Column, A Case Study

3.1 Stone Column/Encased Stone Column at
fabrication yard of PTSC-MC

Introduction of project

The ground improvement works are to provide a
steady platform to support the operation of SL6000
(Kobelco) and the CC2800 (Terex Demag) cranes on the
designated routes, which can support up to 500 kPa of
transient loads and long term primary settlement should be
less than 250mm. The soft clay is reinforced by the stone
column with a diameter of 0.6 to 1.0m and depth of
treatment from 8 to 14m. The stone columns are arranged
in square grids with spacing from 2.2 to 2.4m.

For settlement analysis, the loading is based on service
ability stage which is 370kPa at ground surface. The
corresponding stress level at the top of soft clay layer i.e.
125kPa.
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Figure 1: Crane route path layout and load requirements

Geological Condition
The soil layers and its parameters are shown in Table 1.

Table 1: Typical Subsoil Profile

Depth (m) Soil Type Porig C‘orig (kPa) DSorig (kPa)
0to 0.6 Gravel 40 0 40000
0.6to 1.5 Sand 30 0 30000
1.5t025 Crust 0 35 5250
25t0 135 Soft Clay 0 20 3000
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Settlement prediction of stone column

The settlement was calculated based on elastic theory
and Priebe’s improvement factor (Priebe 1995). The results
are summarized as illustrated in Figure 2: The settlement
without treatment is 370mm and with treatment is only
175mm.

SESSION 3

Settlement prediction of encased stone column

The settlement was estimated based on Raithel and
Kempfert's analytical calculation model (Raithel & Kempfert
,2000). This calculation is conducted using data obtained
from stone column and soil parameters above. Based on
obtained data by using analytical calculation model of
stone column configured using geosynthetic encasement
J=3000 kN/m.

The settlement with alternative encased stone column
is 125mm.

Cumulative settlement [mm]

0 50 100 150

Depth [m]

10

12

14

—&— With improvement

200

250 200 350 400

- - Without improvement

Figure 2: Settlement with and without Stone Column

3.2 The vacuum and surcharge preloading with
PVD/Encased Stone Column at Nhon Trach 2

Introduction of project

The project of NT2 is to construct a Combined Cycle
Power Plant of 750 MW, comprising two gas turbines and
one steam turbine, and is part of a Power generation
complex, whose ultimate capacity is meant to be 2640 MW.
According to the load conditions 10T/m2 (100 kPa), soft soil
treatment should improve the ground bearing capacity,
control the residual settlement is less than 10 cm in 10
years.

Geological Condition
The two soft clay layers of NT2 and calculation data are
summarized as follow:
- Layer 2: Fat clay, the average thickness is about
7.7m
- Layer 3: Silty clay, sometimes with fine sand,
greenish grey, bluish grey, yellowish brown, stiff
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to very stiff. The thickness varies from 5.5 m to
9.4m.
Settlement prediction
The immediate settlement and primary consolidation
settlement are calculated according to the Vietnam code of
practice (TCXD 245:2000). The design of the settlement and
consolidation program is made as per Figure 5 & Table 2
and as follows:

- Calculation of the consolidation settlement that
would occur under operation load if without any
treatment during the considered period -
immediate settlement as illustrated in Figure 3;

- Considering the available preloading, calculation
of the necessary consolidation ratio to be reached
to catch up the primary consolidation settlement
- sand backfilling and vacuum load as illustrated
in Figure 4;

- Calculations of the needed vertical drain mesh
characteristics considering the available pre-
consolidation period with result as per Figure 6.
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TQ1 =10T/m2
Ground level
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. [
Filling sand 5‘J7M Ground el

Layer 1 24M

Layer 2 7

Layer 3 100M

Figure 3: The calculation model under operation load without treatment

Load /kPa
A | Vacuum running 115 days |
168
3.7 m backfilling sand
103 e~
Vacuum load
B3| —mF———m e ]
0.5m coarse sand
D e e e e et
2.4m sand backfilling
0 >
125 Timey day
Figure 4: The calculation model under operation load with treatment
Table 2: Typical Soft Clay Profile
. . . Layer 2 Layer 3
Soil Properties Symbol Unit
Average Max Min Average Max Min
Moisture content W % 103.8 122.8 82.8 28.1 30.2 229
Wet Density W g/cm? 1417 1.48 1.37 1.899 1.98 1.87
Dry Density Yd g/cm? 0.698 0.81 0.615 1.483 1.611 1.436
Specific Gravity s g/cm? 2.58 2.61 2.56 2.703 2.725 2.7
Void Ratio e % 2.715 3.171 2.174 0.823 0.88 0.688

78



Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam SESSION 3

C kG/cm? 0.057 0.065 0.052 0.282 0.315 0.247
¢ degree 2019’ 3945’ 2°00' 15°37' 18°10’ 1515

Direct shear test

Consolidation test:

Pre-consolidation pressure Pc kG/cm? 0.534 0.600 0.43 0.693 0.760 0.430
Coefficient ~ of  vertical

e G 10cm?/s 261 4.330 0.195 4.710 6.570 0.387
consolidation
Compression Index Ce - 1.172 1.351 0.933 0.110 0.119 0.076
Coefficient of Permeability Kao 107cm/s 0.294 3.330 2.700 0.305 0.386 0.262
Swelling index G - 0.156 0.166 0.133 0.016 0.017 0.013
Coe. ~ of — horizontal | m/year | 132 3.05 03 0.67 1.01 0.21
consolidation
Coefficient  of = Modulus | ¢ = | |G e 56 67 49 473 473 473
elasticity
iy YYYYVYYYVYYY
FPL=+2.48m (average ) (NWL)=+1.88m
Natural Water -_—
(NWL)=+0.8m Backfilling y=17.5kN/m3
Figure 5: The calculation input data
Time [days]
0 50 100 150 200 250 300 350
0+ | — | | | |
1
u_z \ ]
|
|
04 i = =
| —+—optimal - min Cc
E 06 ' —=—average - ave. Cc
= : worst - max Cc
@ 1
g 08 1
z I
ﬁ 1 i
(¥ ]
1.2
1.4
1
1.6 X=Vakuum running 115 days
Figure 6: The consolidation settlement of 10T zone
- The post-construction settlements include two settlement of soft clay, the second is the
parts: the first is the secondary consolidation immediate settlement under operation load.
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Sszcaimgti: aik)gtl-'_t"
l+e 7, l+g t
Case Unit Optimal Base Worst
P kPa 132.7 132.7 132.7
h; m 8 8 8
Eu MPa 33.5 28 24.5
hs m 10 10 10
Eus MPa 283.8 283.8 283.8
Si m 0.040 0.047 0.052
Spostconstruction=7.6 €M (<10 cm requirement for soft soil)
Settlement prediction of encased stone column 2. Alexiew, D., Raithel, M. 2015. Geotextile-encased
The settlement was estimated based on Raithel and columns: case studies over twenty years. In: Indraratna,
Kempfert's analytical calculation model (Raithel & Kempfert Chu, Rujikiatkamjorn (Eds.), Embankments with
,2000). The settlement with treatment is 84 mm with Special Reference to Consolidation.
column diameter 1.0 m, spacing 2.3 m and the tensile 3. Castro, J., Sagaseta, C., 2011. Deformation and
stiffness of the geosynthetic encasement J=3000 kN/m. consolidation around encased stone columns. Geotext.
4. Results and Discussion Geomembr. 29, 268-276.
4. Malarvizhi, SN. and Illamparuthi, K, (2007).
To evaluate the beneficial effects of providing stone Comparative study on the behavior of encased stone
columns encased with geosynthetics, a comparative column and conventional stone column. Soils and
calculation was carried out on encased stone Foundations Journal 47, No. 5, 873-885.
columns/stone column and encased stone column/PVD 5. Priebe, H. J. (1995). The design of vibro replacement.
with vacuum and surcharge preloading. Ground Engng. Dec,, 31-37.

- Stone columns/encased stone columns and PVD 6.  Raithel, M., Kempfert, H-G. (1999). Bemessung von
are the most widely techniques used for ground geokunststoffummantelten Sandsdulen. Die
improvement of soft soil in the world. Bautechnik 76, Nr. 12.

- Installation of stone columns/encased stone 7. Raithel, M., Kempfert, H.-G. (2000). Calculation models
column considerably improves the constrained for dam foundation with geotextile coated sand
modulus of the weak soils. columns.  Proc. International conference on

- The case study shows that the settlement of soft Geotechnical & Geologica| Engineering GeoEng.
soil reinforced with encased stone column is Melbourne.
smaller than with stone columns. 8. Practice for soft soil improvement with using vertical

Encased stone columns/Stone columns are found
to be an effective method of ground
improvement, the time requirement is less as
compared to PVD methods.

Geosynthetic encased columns are optimal
solution due to technical, technological and
reasons of time for the land reclamation in
Vietnam.

5. Conclusions

In this study, the settlement of stone columns encased
with geogrid reinforcement was calculated and compared
with the result of stone column and PVD with vacuum and
surcharge preloading. The result shows that it fits into the
studies and researches (Malarvizhi, S.N. and llamparuthi, K.,
2007; Alexiew, D., Raithel, M., 2005). Many projects have
been successfully executed worldwide (Alexiew, D., Raithel,
M., 2015), the encased stone columns are the new direction
research and application for the work of soil improvement
in Vietnam.
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Frontiers, 497-510.

80

drains — TCXD 245 - 2000.



Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam

SESSION 3

ISOLATION RISK ANALYSIS OF RESIDENTIAL SETTLEMENTS IN MOUNTAINOUS
REGION: CASE STUDIES FOR 2004 NIIGATA-KEN CHUETSU AND 2016 KUMAMOTO
EARTHQUAKES

ABSTRACT

Road networks in mountainous areas are critical
infrastructures to maintain social activities. Slope failures
triggered by an earthquake often disrupt the functionality
of road networks. For example, during the 2004 Niigata-ken
Chuetsu Earthquake, in Japan, Yamakoshi village isolated
due to distortion of the road network and all residents were
forced to move to the disaster evacuation camps outside of
the town. Isolation of a residential settlement affects the
damaged region not only for the short-term but also for a
long-term. Therefore, prediction and countermeasures in
advance are necessary. In this study, a procedure to
evaluate the isolation risk of residential settlements in a
mountainous region where a strong earthquake strikes.
First, the road network is modeled as a set of nodes and
links by the graph theory. Second, the probability of failure
for each node and link is computed considering slope
failures under a given earthquake scenario. Finally, the
isolation risk is evaluated by conducting the connectivity
analysis with the Monte-Carlo simulation. For validation of
the presented procedure, case studies for the 2004 Niigata-
ken Chuetsu earthquake and the 2016 Kumamoto
earthquake are conducted.

KEYWORDS: isolation risk, slope failure, road network,
earthquake
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1. Introduction

Slope disasters such as a landslide, rockfall, et al. often
cause road disruption in a mountainous region. Compared
to a road disruption caused by a traffic accident or
maintenance works, the influence of the road disruption
due to slope failures tend to be severe and last for a long
time. During an earthquake, slope failures may take place
simultaneously in a mountainous area and result in severe
damage to the road network. For instance, during the 2004
Niigata-ken Chuetsu earthquake, Yamakoshi village, which
is currently a part of Nagaoka City because of the merger of
municipals in 2005, suffered from many road disruptions
caused by slope failures, and most of the village was
isolated (Toyota et al. 2006). Due to the road disruptions,
approximately 2,200 residents were rescued by a helicopter
and forced to evacuate outside the village. On the other
hands, during the 2016 Kumamoto earthquake, many slope
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failures occurred in Minami Aso village, Kumamoto, and
several small villages were isolated (Shirahama et al. 2016).

Some studies have devoted to investigating the
performance of a road network under earthquake hazard.
The method generally used is based on graph theory and
can be described as follows: first, a concerning road
network is modeled by a graph composed of nodes and
links. Second, the probability of failure of each node and
link are determined based on a specific seismic hazard.
Finally, the probability of disconnection between a pair of
two nodes is calculated.

In this study, a procedure to evaluate isolation risks of
residential settlements in a mountainous area, concerning
road disruption caused by earthquake-induced slope
failures, are presented. Yamakoshi and Minami Aso villages
which suffered from numerous road disruptions due to
earthquake-induced slope failures are taken as examples
and the evaluated probabilities of isolation are compared to
the actual damage of these two villages for validation of the
procedure.

2. Procedure for evaluating isolation risk of residential
settlements

2.1 Graph of road network

In this study, the road networks in the target areas are
modeled by the graph theory. A graph consists of links and
nodes. Residential settlements are assigned to the nearest
node.

2.2 Probability of isolation

If a node has no path leading to neighboring areas, the
node is referred to be isolated. Figure 1 shows the isolated
node schematically. In the figure, node A is isolated because
there is no path to node D which connected outside the
area. This means that residents living around node A do not
have an access outside the area. On the other hand, nodes B
and C have paths to the outside of the area.

—
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Figure 1: Schematic representation of isolated node

In this study, the isolation risk is evaluated as the
probability of isolation, i.e., the probability of disconnection
between the concerned node and nodes connecting
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outside the area. For example, the probability of isolation
for node A in Figure 1 is calculated as the probability of
disconnection between nodes A and D.

2.3 Probability of node and link failure

The probability of failure of nodes and links are
evaluated by overlaying geospatial analysis of raster and
vector datasets. In this study, the occurrence probability of
slope failure is provided as a raster data. On the other hand,
the network graph which consists of nodes and links is
prepared as a vector data. The probability of node failure is
identical to the occurrence probability of slope failure at the
raster cell where the node is located.

2.4 Occurrence probability of slope failure
Sakai et al. (2013) derived the equation to evaluate the
occurrence probability of slope failure under a specified

seismic ground excitation as follows.
1

1 +exp{—(—7.89 + 0.09¢ + 0.0019a)} @
where pis the occurrence probability of slope failure; ¢is a
slope angle; a is peak ground acceleration (PGA). The
background data utilized to develop the equation was
collected in Mt. Rokko after the 1995 Hyogo-ken Nanbu
earthquake (Sakai, et al., 2013).

p

2.5 Calculating the probability of isolation

The procedure for calculating the probability of
isolation is summarized in Figure 2. PGA, DEM and road
network are dataset required for the analysis. All processes
shown in Figure 2 are implemented by us, and the
computer codes are written in Python programing
language.

The Monte Carlo method (MCM) is utilized to evaluate
the redundancy index; 10,000 sample networks are
generated, and for every sample network it is examined if
there is a path between considering nodes. In our
implementation, NetworkX package
(https://networkx.github.io/) for Python is utilized for the
searching path.

Calculate slope angle

!

Calculate probability of slope failure

!

Calculate probability of link failure

! !

Calculate probability of node failure

|

Calculate probability of isclation

[ End )

Figure 2: Procedure for calculating the probability of
isolation

Topography
(DEM)

Ground motion
(PGA)

Road network

Convert to Graph

To calculate the probability of isolation, more
computationally efficient algorithms (Ji and He, 2002;
Javanbarg et al., 2009) than the MCM can be used. However,
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the MCM is employed because of the simplicity of
implementation.

3. Data preparation

3.1 Digital elevation model

For the topography, a dataset of the digital elevation
model (DEM) with 10 m resolution was downloaded from
the website (http://www.gsi.go.jp/kiban/index.html)
operated by the Geospatial Information Authority of Japan,
Ministry of Land, Infrastructure, Transport and Tourism. The
DEM dataset with 5 m resolution is also available from the
same website. However, the 10 m resolution version is
utilized since Equation (1) was derived based on 10 m
resolution topography.

3.2 Road network

The road network data for the study areas were
downloaded from OpenStreetMap
(https://www.openstreetmap.org) and converted into

graphs with nodes and links by Python OSMnx package
(Boeing, 2017). The OSMnx constructs nodes and links from
the OpenStreetMap data structure and corrects network
topology. Although the OpenStreetMap provides various
kinds of road, such as a private service road, footpath, et al.,
only roads and streets where vehicles can pass through are
utilized in this study.

3.3 PGA distribution

As described in the previous section, PGA distribution is
required to calculate the probability of link or node failure.
To evaluate the distribution of PGA, seismic hazard analysis
considering the site amplification effect should be
conducted. However, in general, a variation of PGA values in
a mountainous region is relatively small and, therefore, we
assume the uniform distribution of PGA value in the study
area.

4 Results

4.1 Yamakoshi village

Yamakoshi village, which is currently a part of Nagaoka
city, is in a mountainous region in Niigata prefecture, Japan.
Yamakoshi village suffered from severe damage due to the
2004 Niigata-ken Chuetsu Earthquake of Mw 6.6. The event
caused numerous slope failures and resulted in the
disruption of the road network. All routes from the central
part of the village to the outside of the village were
disrupted. Therefore, all residents in the isolated region
were forced to evacuate to refugee camps which are
located outside the village.
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Figure 3: The topography and the road network of
Yamakoshi
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The topography and the road network of Yamakoshi
village are shown in Figure 3. Nodes and links are
represented by a solid black line and a black filled circle,
respectively. The network consists of 494 nodes and 623
links. Each link is treated as a bi-directional since the normal
traffic regulation could be ignored during an emergency
such as an earthquake disaster. The red filled circle
represents the terminal nodes which are connected to the
outside of the village. The probability of isolation for each
node is calculated as the probability of disconnection
between the concerning node and one of the terminal
nodes.
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Figure 4: Probability of link failure for Yamakoshi
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Figure 5: Probability of node failure for Yamakoshi

Figure 4 shows the calculated probabilities of link
failure under the given uniform PGA distribution of 1000
cm/s/s. The links located in the flat area have small values of
probability of failure. The longer links tend to have higher
values of the probability of failure. On the other hands, the
probability of node failure shown in Figure 5 takes a smaller
value compared to the probability of link failure.

Based on the obtained probabilities of node failure and
link failure shown in Figures 4 and 5, the probability of
isolation for each node is evaluated by the Monte Carlo
method with 10,000 generated samples. Figure 6 shows the
probability of isolation. Figure 6(a) shows the spatial
distribution of the probability of isolation in Yamakoshi
village and that the nodes near the terminal nodes have
relatively small values of the probability of isolation. Also,
the probability of isolation for most of the nodes is close to
unity. Figure 6(b) shows the histogram of the probability of
isolation is shown. This result suggests that most of
Yamakoshi village is prone to be isolated following the
assumed earthquake event of PGA = 1000 cm/s/s.
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4.2 Minami Aso village

Minami Aso village is in a mountainous region of Mt.
Aso. The village was strongly shaken by the 2016
Kumamoto Earthquake of Mw 7.0 and suffered from severe
damage including numerous slope failures. The foreshock
of Mw 6.2 took place one day before the mainshock, which
may extend the damage consequently. The districts around
Tokai University Aso campus and Jigoku-Onsen were
isolated respectively due to the road disruptions, and
approximately 1000 residents in total were affected.
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Figure 6: Probability of isolation for Yamakoshi

Figure 7 shows the topography of Minami Aso village
and its road network downloaded from OpenStreetMap.
The three nodes represented by red fill circles are the
terminal nodes assumed. The road network consists of 1644
nodes and 2155 links. The uniform distribution of PGA=927
cm/s/s is assumed for calculating the failure probability of
nodes and links.
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Figure 7: The topography and the road network of Minami
Aso
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Figure 8 shows the probability of link failure. The
probabilities of link failure in a flat place of the basin are
smaller than those of the higher places. On the other hands,
Figure 9 shows the probabilities of node failure. Compared
to the links, the probabilities of node failure are generally
small. The value of the probability of node failure is at most
0.10.
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Figure 8: Probability of link failure for Minami Aso
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Figure 9: Probability of node failure for Minami Aso

The probability of isolation for each node is calculated
by the Monte Carlo method with 10,000 samples as well as
the case of Yamakoshi village and shown in Figure 10. The
nodes in the higher altitude places tend to take higher
values of the probability of isolation than those of the
nodes in the flat area. For about 80% of nodes, the
probability of isolation is lower than 0.2.

Table 1: Probability of isolation for the residential
settlements isolated during the 2016 Kumamoto

earthquake
Place Probability of isolation
Distinct around Minami Aso 0.224
Campus of Tokai University
Distinct around Jigoku Onsen 0.775

5. Discussion and conclusion

Due to the 2004 Niigata-Ken Chuetsu Earthquake, road
disruption occurred everywhere in Yamakoshi village, and
approximately 2,200 residents were rescued by a helicopter
and evacuated outside the village. As shown in Figures 6,
the computed probability of isolation for all nodes in
Yamakoshi village is relatively high.
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On the other hands, two districts around Tokai
University Aso campus and Jigoku-Onsen in Minami Aso
village were isolated, respectively, due to the road
disruption in the 2016 Kumamoto earthquake. The locations
of these districts are plotted by red triangles in Figure 7.
Table 1 summarizes the probabilities of isolation for the
nodes corresponding to these districts. For both, the value
of the probability is relatively high compared to other
nodes.

These results shows that the probability of isolation
evaluated in this study can explain the occurrence of actual
damage appropriately.
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Figure 10: Probability of isolation for Minami Aso
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EFFECT OF DRILLING MUDS AND CUTTINGS DISCHARGED TO THE ENVIROMENT
ANH HUGONG CUA MUN KHOAN VA VUN KHOAN XA THAI BEN MOI TRUONG

Do Quang Khanh, Hoang Trong Quang, Tran Thi Mai Huong, Kieu Phuc

ABSTRACT

The offshore drilling process uses drilling fluids and
generates waste fluids and cuttings. Drilling fluids used in
offshore driling operations are water based drilling fluids
(WBF), oil based fluids (OBF) and synthetic based fluids
(SBF). The wastes generated in the largest volumes during
drilling oil and gas wells are drilling muds and cuttings.
Several options to manage offshore drilling wastes were
presented in this paper such as offshore discharge, offshore
downhole injection and onshore disposal.

KEY WORDS: Offshore drilling,
management, EU standards

drilling  fluids, waste

TOM TAT

Qua trinh khoan ngoai khoi st dung dung dich khoan
va tao ra chat thai va vun khoan. Dung dich khoan dugc st
dung trong cac hoat déng khoan ngoai khoi la dung dich
khoan géc nudc (WBF), dung dich khoan gé6c dau (OBF) va
dung dich khoan t8ng hgp (SBF). Cac chat thai dugc tao ra
vai khéi lugng 16n nhat trong cac giéng khoan dau khi la
mun khoan va vun khoan. Mét s6 tuy chon dé€ quan ly chat
thai khoan ngoai khoi da dugc trinh bay trong bai bao nhu
la xa thai ngoai khoi, bom ép xuéng day bién va x{ ly trén
ba.
TU KHOA: Khoan ngoai khai, dung dich khoan, qudn ly chét
thai, tiéu chudn EU
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1. Introduction
Until several decades ago, the seas and oceans were
considered as limitless dumping grounds. However, during
the 1970s and 1980s there have been evidences that some
types of drilling waste discharges could have undesirable
effects on local ecology, particularly in shallow water.
Offshore platforms can impact the environment in three
ways: the physical presence of the platforms, waste
discharges from the platforms and accidental discharges.
The impact of offshore oil & gas exploration and production
on the marine ecosystem varies from disturbing sea
mammals during acoustic exploration research activities to
chemical, physical and toxicological effects of residual
waste streams. Operational discharges include:
+ Cuttings contaminated with oil and chemicals (from
drilling platforms)
+ Production water contaminated with oil and chemicals
(from production platforms)
+ Rainy-, scrub- and cleaning water contaminated with oil
and chemicals.Accidental discharges may be as a

consequence of blowouts and damage of pipelines,
discharges due to flaring.

2, Drilling fluids and drill cuttings

Drilling fluids (muds) consist of a continuous liquid
phase, to which various chemicals and solids have been
added to modify the operational properties of the resulting
drilling system. Because of that the composition of drilling
fluids is complex and varies widely depending on the
specific down-hole conditions such as downhole
temperature and pressure, geology, and other factors.
Drilling fluids fall into one of three types depending on their
principal liquid-phase component: water-based fluids
(WBFs), oil-based fluids (OBFs), and synthetic-based fluids
(SBFs)'S.

2.1 Water based fluids
A water-based fluid is a suspension of particulate minerals,
dissolved salts, and organic compounds in freshwater,
seawater, or concentrated brine. When water-based fluids
(WBFs) are used, only limited environmental harm is likely
to occur. WBF ingredients can be divided into 18 functional
categories' Each category of additives may contain several
alternative materials with slightly different properties (Table

1).
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Figure 1. Composition of typical water based drilling (WBM)
and of the additives to a typical WBM

Table 1. Functional categories of materials used in WBF,
their functions, and examples of typical chemicals in each

category®
Functional Function Typical
Category Chemicals
Weighting Increase density Barite, hematite,
materials (weight) of mud, calcite, ilmenite
balancing formation
pressure, preventing a
blowout
. . Bentonite or
Increase viscosity of .
attapulgite clay,
. L mud to suspend
Viscosifiers . . carboxymethyl
cuttings and weight
- cellulose, and
agent in mud
other polymers
Thinners,

dispersants, Tannins,
Deflocculate clays to
and o . polyphosphates
optimize viscosity and o
temperature , lignite,
" gel strength of mud .
stability lignosulfonates
agents
Inorganic salts,
hydrated lime,
gypsum,
Increase viscosity and sodium
Flocculants gel strength of clays or carbonate and
clarify or de-water low- bicarbonate,
solids muds sodium
tetraphosphate,
acrylamide-
based polymers
Bentonite clay,
lignite, Na-
Decrease fluid loss to clgrr;oex r:eth |
Filtrate the formation through celluloze 4
reducers the filter cake on the '
polyacrylate,
wellbore wall .
pregelatinized
starch
o Lime (Ca0),
Alkalinity, Optlm!ze pHand caustic soda
pH control alkalmﬁ_y of mu(;i, (NaOH), soda
additives controfling mu ash (Na,COs),
properties sodium

bicarbonate
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(NaHCO:s), and
other acids and
bases

. Nut shells,
Plug leaks in the )
natural fibrous
Lost welbore wall, A
) . ) materials,
circulation preventing loss of . . .
. - inorganic solids,
materials whole drilling mud to .
) and other inert
the formation . )
insoluble solids
Lubricants Reduce torque and drag QOils, synthetic
on the drill string liquids,
graphite,
surfactants,
glycols, glycerin
Shale Control hydration of Soluble calcium
control shales that causes and potassium
materials swelling and dispersion salts, other
of shale, collapsing the inorganic salts,
wellbore wall and organics
such as glycols
Emulsifiers Facilitate formation of Anionic,
and stable dispersion of cationic, or
surfactants insoluble liquids in nonionic
water phase of mud detergents,
soaps, organic
acids, and
water-based
detergents

Bactericides

Prevent biodegradation

Glutaraldehyde

of organic additives and other
aldehydes
Defoamers Reduce mud foaming Alcohols,
silicones,
aluminium
stearate
(CsaH105A1Os),
alkyl
phosphates
Pipe-freeing Prevent pipe from Detergents,
agents sticking to wellbore wall soaps, oils,
or free stuck pipe surfactants
Calcium Counteract effects of Sodium
reducers calcium from seawater, carbonate and
cement, formation bicarbonate
anhydrites, and gypsum (NaxCOs and
on mud properties NaHCO:s),
sodium
hydroxide
(NaOH),
polyphosphates
Corrosion Prevent corrosion of Amines,
inhibitors drill string by formation phosphates,
acids and acid gases specialty
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mixtures
Temperatur | Increase stability of mud Acrylic or
e stability dispersions, emulsion sulfonated
agents and rheological polymers or
properties at high copolymers,
temperatures lignite,
lignosulfonate,
tannins

If permitted by local regulations, the cuttings may be
discharged to the sea. Perodically, some of the drilling fluid
may be discharged as well. The total mass of WBF and
cutting discharged per exploatory well is abot 2000 metric
tons/well and somewhat less for most development wells®.

When WBF and cuttings are discharged to the sea, the
larger particles and flocculated solids, representing about
90% of mass of the mud solids, form a plume that settles
quickly to the bottom. The remaining 10% of the mass of
the mud solids consisting of fine-grained unflocculated
clay-sized particles and a portion of the soluble
components of the mud from another plume in the upper
water column that drifts prevailing currents away from the
platform and is diluted rapidly in the receiving waters. In
well-mixed sea waters, drilling fluids and cuttings are
diluted by 100-fold within 10 m of the discharge and by
1000-fold after a transport time of about 10 minutes at a
distance of about 100 m from the platform®. Besause of
rapid dilution of the drilling mud and cuttings plume in the
water column, harm to communities of water column plants
and animals is unlikely and has never been demonstrated.

WBF and cuttings solids settle to and accumulate
on the sea floor. If discharged at or near the sea surface, the
mud and cuttings disperse in the water column over a wide
area and settle as a thin layer of a large area of the sea floor.
If mud and cuttings are discharged jus above the sea floor
the drilling solids may accumulate in a large , deep pile near
the discharge pipe. The accumulation of mud and cuttings
on the bottom, the cutting pile, may contain higher
concentrations of several metals, particularly barium (from
drilling  mud barite), and sometimes petroleum
hydrocarbons than nearby uncontaminated sediments.
Chromium, lead, and zinc are the metals, in addition to
barium, that are most often enriched in cutting pile
sediments. The metals associated with drilling mud barite or
cutting piles have a low bioavailability to marine animals;
thay do not accumulate in the tissues of bottom-living
animals®.

WBF are non-toxic or partially non-toxic to marine
animals, unless they contain elevated concentrations of
petroleum hydrocarbons, particularly diesel fuel. Most
drilling mud ingrediens are non-toxic or used in such small
amounts in WBF that they do not contribute to its toxicity.
Chrome and ferrochrome lignosulfonates are the most toxic
of the major WBF ingredients. Although used frequently in
the past, these deflocculants are being replaced in most
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WBF by non-toxic alternatives to reduce the ecological risk
of drilling discharge.

Figure 2. Dispersion and fates of water based drilling
mud (WBM) following discharge to the ocean.

2.2 Oil based fluids

Oil based-fluid have traditionally been used to improve
lubricity, reduce friction and address site-specific conditions
such as: high down hole temperatures, hydratable shales,
high angle drilling, and extended reach wells. An oil based-
fluid has diesel, mineral oil, or some other oil as its
continuous phase, with water as the dispersed phase. Other
constituents are barite, clays, emulsifiers, water, CaCl,,
lignite, lime and other additives. Discharge of OBF cuttings
has far greater toxicity than waste from WBFs and poses the
most severe environmental impact on the seafloor of the
three fluid types. The use of OBFs are declining because of
the added cost of transporting waste fluids to shore,
regulatory restrictions, and the development of SBFs.
Cuttings piles, created when oil-based fluids (OBFs) are used
on deeper sections of wells, impaire zones beneath and
adjacent to the platforms. Piles of oil-based cuttings can
affect the local ecosystem in three ways: by smothering
organisms, by direct toxic effect of the drilling waste, and by
anoxic conditions caused by microbial degradation of the
organic components in the waste (Figure 1)2.

3. Biological effects of WBM and cuttings in the ocean.

Bioavailability is the extent to which a chemical can be
absorbed (bioaccumulated) by a living organism by active
(biological) or passive (physical or chemical) processes (Neff,
2002a). A chemical is said to be bioavailable if it can move
through or bind to a permeable surface coating (e.g., skin,
gill epithelium, gut lining, cell membrane) of an organism
(Newman and Jagoe, 1994). Metal bioavailability from
sediments (cuttings piles) can be divided into 2
components: environmental accessibility and
environmental bioavailability. Environmental accessibility is
a measure of the fraction of the total chemical that is in a
form or location in the environment that is accessible for
bioaccumulation by organisms. Environmental
bioavailability depends on the interactions of a marine
organism with its environment. Exposure occurs at the
interface between environmental media (water, sediment,
and food) and permeable biological membranes of the
marine organism in contact with the different media
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Mercury is the metal of greatest environmental concern in
drilling wastes discharged to US waters (Neff, 2002b), and
sometimes is found at higher concentrations in drilling mud
barite and WBM than in clean marine sediments. Lead is the
metal of greatest concern in drilling wastes discharged to
the North Sea, because some North Sea drilling mud barite
contains high concentrations of easily leached lead. The US
EPA  (1993) set limits on maximum acceptable
concentrations of mercury and cadmium in drilling mud
barite in 1993, in an effort to decrease the amounts of
metals discharged to the ocean in drilling wastes. Drilling
mud barite discharged offshore must contain less than 1
mg/kg (ppm) mercury and 3 ppm cadmium

Anmerobic
Bindegradation

Discharge

Figure 3. Effect of drill cuttings discharge on marine
environment*

4. Waste minimization herarchy

IPPC Directive of 1996. IPPC stands for Integrated
Pollution Prevention and Control. In essence, the IPPC The
permits must be based on the concept of Best Available
Techniques (or BAT).

In many cases BAT means quite radical environmental
improvements and sometimes it will be very costly for
companies to adapt their plants to BAT. The waste
minimization hierarchy is described in the IPPC Directive.
The first step is investigate options that prevent waste
generation, next is to reduce waste, then reuse and recycle
as much as possible, while the last and the least preferred
option is to deposit residues. Waste minimization in drilling
operations starts in the preplanning phase. The selection of
BAT solutions, when balancing drill cuttings, had to take
into account following issues': drilling technology (well
design, drilling fluid, solids handling equipment on rig),
drilling waste (disposal options, transport and logistics,
drilling waste treatment technology), impact of different
waste disposal options, and cost. Integrated fluids
engineering helps to achieve several benefits: reduced
health, safety and environmental risks, environmental
compliance, reduced waste volumes, reduced fluid-disposal
costs, optimized product usage, reduced site-closure costs,
maximized pollution prevention.

5. Drilling waste disposal options

There are three options to manage offshore drilling wastes
(Figure 4):
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Offshore discharge - fluids and/or cuttings are discharged
overbroad from the drilling platform after undergoing
treatment by solids control equipment designed to remove
solids and recover fluids,

Offshore downhole injection —cuttings are ground to fine
particle sizes and disposed of, along with entrained fluids,
by injection into permeable subsurface formations,

Onshore disposal - cuttings and the associated fluids are
collected and transported for treatment if necessary and
final disposal.

Offshore Disposal

Explore Discharge Options

Explore Offshore Injection
Disnasal Ontions

Onshore Facillities Avaible?

YES NO

Commercial Disposal Build Infrastructure

YES NO

Explore Commercial Disposal Option

Figure 4. Offshore waste disposal options decision three.

All options have advantages and disadvantages
with regard to total life cycle environment impact, safety,
cost, and operational performance. In making decisions
regarding disposal options, one should establish a
framework to compare the pros and cons for each alternative
option in this framework factors other than potential
environmental impacts should be considered (Table 2).

Table 2. Framework of parameters for evaluating disposal

options™
ECONOMIC OPERATIONAL ENVIRONMENTAL
Immediate Safety Air emissions from
costs drilling and
supporting
operations
$/m3 for Human health Power requirements
disposal issues/chemical
exposure
Energy cost Processing rate Reduction in

volume of waste

Maintenance Mechanical By-products of
cost reliability process
Labor cost Size and Compliance with
portability of unit | regulations
()
Equipment Space availability | Receiving physical
cost environment
Transportation | Energy Marine species
costs requirements potentially at risk
Disposal costs Condition ofend | Potential
of end products environmental
products stressors
Future Method of Removal of
liabilities disposal after hydrocarbons,
processing heavy metals and

salts from solids and
water
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6. Environmental legislation concerned with offshore
platform discharges

Regarding the maritime environment, the United
Nations Convention of the Law of the Sea (UNCLOS, 1982) is
the key overall regulatory framework at global level for all
activities at sea. Conventions supporting this at global level
are':

The International Convention for the Prevention of
Pollution from Ships (MARPOL, 1973/78),

The Framework for prevention of dumping of pollutant
material (London Dumping Convention, 1972) and

The International ~ Convention on  Pollution
Preparedness, Response and Cooperation (OPRC, 1990).

Regarding to chemicals used and discharged offshore
OSPAR agreed on two lists of chemicals: the list of
"chemicals for priority action" (i.e. the most hazardous
ones), and "PLENOR" list, the list of chemicals which have
been considered as "posing little or no risk to the
environment".

At present time no "chemicals for priority action" is
intentionally used offshore; substances listed on the
PLONOR list do not request further investigation®'%",

7. Conclusions

The disposal of drill cuttings and produced water has
become a major concern for operators and environmental
controls have been tightened by regulatory authorities.

Most oil and gas operators today develop and implement
an environment management system (EMS) for all
operations which is in line with international standards.

Through the adoption and implementation of an EMS,
potential environment impacts and consequences are
identified, managed and minimized where possible.
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FORCE-DISPLACEMENT ANALYSIS OF BURIED STEEL PIPELINES FOR
STRIKE-SLIP FAULTING

ABSTRACT

In the present study, FE-based models of buried
steel pipeline at strike-slip fault are analyzed. And FEM
models have been verified by use of analytical solution
and experiment results. FEM models have been used
for evaluating, in particular, the effect of axial pipe-soil
interaction on force-displacement fields of the pipeline,
due to different fault-pipeline crossing angles.

The first aim of this study is to present a verification
method for FEM analysis of pipeline crossings strike-slip
fault problems and the second one is an evaluation of
the importance of axial pipe-soil interaction in pipeline
crossings strike-slip fault problems.

These analyses show that changes in the axial
component of pipe-soil interaction effect on the
magnitude of the maximum bending moment, maximum
axial force and maximum shear force of pipeline. It has
shown that by decreasing of fault-pipeline crossing
angle, pipeline axial force increases a lot and this
increase of axial force decreases bending moment and
shear force magnitude. Simultaneously the removing of
the axial component of soil-pipe interaction from
calculation makes increase in the maximum bending
moment, maximum shear force and the horizontal
displacement of pipeline and also makes very large
decreasing in axial force of pipeline. Finally, we found
the axial component of pipe-soil interaction very
effective on the force-displacement field of the pipeline
subjected to the earthquake. Additionally the presented
verification method has been found very accurate and
valuable in simplicity point of view.

KEYWORDS: buried pipeline, Fault intersection, Strike-
slip fault,
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1. Introduction

Assessment of the buried pipelines at fault crossings
point is among top design priorities. This is because the
bending moments and axial forces subjected to the
pipeline by ground deformation at pipe-fault intersection
zone become large and even cause to damages and
rupture on the pipeline. Beyond the damaging effects
that such rupture can have on the operation of vital
lifeline network systems (EERI Kocaeli Earthquake
Report, 1999; J. Uzarski and C. Arnold, 2001), an
irreparable environmental damage may cause the
leakage of ecologically harmful stuff such as chemical
liquids or gas, natural gas, fuel or liquid waste.
Nowadays the Finite element method based analysis
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could expose an appropriate solution to the pipeline
crossing fault problem (ASCE 2001). Nonetheless,
creating a FEM model with the accurate non-linear
behavior of the pipeline material, the nonlinear pipe-soil
interactions, and the second-order effects is tough, and
also it is possible during modeling some mistakes
appear. Therefore the use of analytical methodologies,
for design and verification purpose, is essential.

Pipelines damage and ruptures in the past
earthquakes have been reported, such as the 1971 San
Fernando earthquake (P.C. Jennings, 1971; M.A.
MaCaffrey and T.D. O’'Rourke, 1983; T.P. Desmod et
al., 1995), the 1995 Kobe earthquake (T. Nakata and K.
Hasuda, 1995), the 1999 Kocaeli earthquake (EERI,
1999), the 1999 Chi-Chi earthquake (S. Takada etal.,
1999) and more recently the Sarpole-Zahab Earthquake
2017 (M. Miyajima et al., 2018). Majority of damage to
buried pipelines have observed due to ground
deformations such (e.g. fault movements, landslides,
liquefaction), whereas only a few cases of pipelines
were damaged by wave propagation(T. Ariman and
G.E. Muleski., 1981; J. Liang and S. Sun., 2000). The
first attempt on the evaluation of fault response crossing
fault was proposed by Newmark and Hall at 1975 based
on a simplified analytical model of the pipeline with
behavior of cable for small displacement (N.M.
Newmark and W.J. Hall.,, 1975). The most known
method for evaluation of pipeline at the intersection of
both strike-slip and normal faults is proposed by
Kennedy et al in 1977 (R.P. Kennedy et al., 1977) and
consequently adopted by the ASCE guidelines for the
seismic design of pipelines (ASCE., 1984). The bending
stiffness of the pipeline at high curvature zone is
neglected (D. Karamitros et al., 2007). Kennedy et al
work, by revising of the bending stiffness of pipeline
have extended for strike-slip fault crossings by Wang
and Yeh (L.R.L. Wang and Y.A. Yeh., 1985). Wang and
Yeh could solve one the bending stiffness problem at
high curvature zone, but they also neglected the
inappropriate contribution of axial forces on bending
stiffness of pipeline. Karamitros et al (2007) more
improved prior researches and developed a method for
strike-slip faults in which, the pipeline is partitioned into
four segments, which are analyzed according to the
beam-on-elastic foundation and elastic beam theories
and also took second-order effects into account in the
calculation of bending strains (D. Karamitros et al.,
2007). Trifonov et al extended Karamitros et al (2007)
model for normal fault crossings, they removed
symmetry conditions about the intersection point and
contributed transverse displacements for estimation of
the axial elongation of In this study, an analytical
analysis based on the theory of beam on an elastic
foundation is implemented besides experimental result
for verification of the finite element method based model
of the pipeline at the intersection point with a strike-slip
fault of the 90-degree angle.

The FEM models by taking pipe-soil interaction in
axial and transverse directions into account are very
accurately validated with the analytical solution besides
experiment results. The FEM-based model is imposed
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for accurate reproduction of pipe crossings strike-slip
fault with different angles for two situations of with and
without axial pipe-soil interaction effect to compare the
force-displacement field outputs for all of the cases and
figure out the importance of axial pipe-soil interaction on
this problems. The first aim of this study is to present a
verification method for FEM analysis of pipeline
crossings strike-slip fault problems and the second is an
evaluation of the importance of axial pipe-soil interaction
in pipeline crossings strike-slip fault problems.

Figure 1: Deformation of axes x and y and fault
displacement of Ax, Ay and Af for oblique strike-slip fault
crossing.

2. Analytical solution

In this part an analytical solution for steel pipeline
subjected to strike-slip fault based on elastic beam on
foundation theorem has been implemented. Since in this
analytical solution the axial pipe-soil interaction effect
has not conducted and also in boundary conditions only
fault transverse displacements (not axial displacements)
could be implemented, for getting good accuracy in
results, analytical solution of pipeline crossings strike-
slip faults problem is conducted only for 90 degree case
which has only transverse deformation components in
input ground deformation.

The differential equilibrium equation for the pipeline
crossing strike-slip with 90" angle in elastic response is
presented in Eq. (1) and by having boundary condition
imposing w=0 for x—-o0 and w=A#2 for x=0 and M=0 for
x=0, Eq. (1) yields:

Y =0 ™)
El—— w=
w(x) = ?eﬁ"“msﬁx 2)
" ke @)
p= 4E1

Here, w is transverse displacement of the pipeline, E
is Young’s modulus of the pipeline steel, | is the moment
of inertia of the pipeline cross section, Af is fault
displacement and k is elastic constant of the transverse
soil springs.

3. FEM analysis results and Verification of pipeline
response with analytical solutions

To evaluate the pipeline response at strike-slip fault
crossings, a number of representative numerical
analyses were conducted by FEM using the commercial
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code ABAQUS (ABAQUS., 2017). A typical steel
pipeline was simulated in models, with an external
diameter of 0.0572m and thickness of 0.0023m. A total
length of 1km was simulated, for gaining higher
accuracy in results symmetrically pipeline in both sides
of the fault discretized gradually from fine meshes to a
little bigger sizes.

W, Magnituda

Figure 2: Displacement counters of pipeline due to 0.2m
dislocation of strike-slip fault from Finite Element
analysis.

Various cases with different pipe-soil interaction and
different faulting angles by FEM analyzed (Table 1).
Table 1: Cases details and Pipe-Soil interaction
spring properties

Case Soil . k

No. Solver name Spring type (GN/m3) Angle

1 Analytical SoftT. |lansverse 00018 o
Axial -

9 FEM Soft T. Trgnsverse 0.0018 o0
Axial -
Transverse 0.0018

3 FEM Soft T.A. Asial 0.0009 90

4 FEM Soft T. Trgnsverse 0.0018 60
Axial -
Transverse 0.0018

5 FEM Soft T.A. Asial 0.0009 60°

6 FEM Soft T. Tra.nsverse 0.0018 45
Axial -

Soft T.A. Transverse 0.0018
7 FEM Soft T. Axial 0.0009 45

Table 2: distance between maximum bending
moments of pipeline on experiment and

analysis
type Distance (m)
Experiment (N. Hasegawa., 2016) 1.90
FEM 2.35
Analytical 2.34

3-1. Verification of pipeline response

FEM based model respect to the mentioned
analytical solution in the prior section has been created.
In this part two FEM cases 2 and 3 of pipeline crossings
of strike-slip fault with 90 degree angle analyzed and
results are presented in comparison with analytical
solution results at Fig. 3.

With regard to Table 1, case 1 and case 2 are exactly
the same models without pipe-soil axial interaction but
with a different method of solution. The results of FEM
analysis of case2 is meticulously validated by analytical
solution of casel. And additionally, the distance
between 2 maximum moment points on the pipeline in
the FEM verified by analytical solution results as well as
experimental results in Table 2. There is a 45cm
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difference between our analysis results and experiment
result; it is because of non-linear effects of soil and steel
pipe on the experiment which is not conducted in
analytical and FEM analysis. Based on FEM analysis,
the response of pipeline in both of case 2 and 3
observed as same.

-0.05

x(m)
0 8 6 4 2 2 4 6 8 10
0.00
o0 ——— Anal SoftT. Soil-o0f
= FEM-Soft T, Seil-90"
;* 010 FEM-Soft T.A. Soil-00"
0.15
0.20
0.25
(a)
B8.0E+3
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6.0E+3
FEM-Soft T. Soil-90"
4.0E+3
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£ x(m)
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b3 10 8 6 -4 2 2 6 8 10
-2.0E+3 i
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Figure 3: FEM & Analytical analysis results of pipeline
subjected to strike-slip fault with 90 angle. (a)
Transverse Displacement curve (b) Bending moment
curve.

3-2 Results FEM analysis

By use of FEM based simulations, force-displacement
fields of the pipeline crossings a strike-slip fault was
studied. The mechanical behavior of the pipeline in
several cases of strike-slip fault with different faulting
angles and with and without axial pipe-soil interaction
has been evaluated. In particular, the effect of axial soil-
pipe interaction spring in pipeline behavior in various
structural responses of the pipeline has been
investigated in following figures.

By conducting of axial pipe-soil interaction in FEM
base models, 6 different cases have been analyzed and

-0.05
A0 -8 1 4 6 8 10
0.00 x{m}
—— FEM-Soft T. Sof1-90¢
0.05 -

—— FEM-50ft T.A. 50l1-90
= ——— FEM-Soft T.Soil-60°
=010
kY e FEM-Soft TA Soil-60

= FEM-S0fi T.50[1-45"

0.15

FEM-Soft TA Soil-45
0.20
0.25

Figure 4: Transverse displacements of pipeline
crossings strike-slip fault.
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Figure 5: Axial forces of pipeline crossings strike-slip

fault.
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Figure 6: Shear Forces of pipeline crossings strike-slip
fault.
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Figure 7: Bending moment of pipeline crossings strike-
slip fault.

the pipeline response has been evaluated. Based on the
results of the FEM analysis we obtain the following
findings:

» Maximum axial force response of pipeline in
crossings strike-slip fault with implementing of
axial pipe-soil interaction in comparison with same
case without axial pipe-soil interaction effect, in
@=45 strike-slip fault41 times and in case of =60
strike-slip fault 21 times has been increased.

» Maximum shear force response of pipeline in
crossings strike-slip fault with implementing of
axial pipe-soil interaction in comparison with same
case without axial pipe-soil interaction effect, in
@=45 strike-slip fault 33% and in case of =60
strike-slip fault 20% has been decreased.

» Maximum bending moment response of pipeline in
crossings strike-slip fault with implementing of
axial pipe-soil interaction in comparison with same
case without axial pipe-soil interaction effect, in
@=45 strike-slip fault 42% and in case of @=60
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strike-slip fault 27% has been decreased.

» Force-displacementresponses of pipeline in cases
crossings 90, 60’ and 45 strike-slip faults without
implementation of axial pipe-soil interaction effect
were exactly same as the case of pipeline
crossings 90 strike-slip fault with implementing of
the axial pipe-soil interaction effect (sceenario3).
Hence without axial pipe-soil interaction effect, all
of the cases of pipeline crossings strike-slip fault
with every faulting angel will have the same
response with pipeline crossings 90 strike-slip
fault. Consequently, the faulting angle is very
significant for pipe-soil interaction parameter. In
particular, there is a direct relationship between
axial pipe-soil interaction and the axial component
of fault displacement (Ax).

4. Conclusions

The pipe-soil interaction and the performance of
pipelines subjected to permanent strike-slip fault
movement have been investigated using 2D FEM
models and analytical solution. Additionally, the results
of FEM analysis has been validated and verified based
on the analytical solution besides experimental result. In
this study we have focused on the presentation of a
validation method for FEM models of pipeline crossings
strike-slip faults and at second evaluated axial pipe-soil
interaction importance on pipeline crossings strike-slip
problems. The numerical FEM study corresponding to
various values of faulting angle @ was concocted with
and without implementing of axial pipe-soil interaction
has been evaluated. Based on the results of FEM
analysis and analytical solution, we found that:

1) The presented analytical solution of pipeline
crossings strike-slip fault has is an accurate and
feasible method for verification of the validity of
FEM based models for the case of pipeline
crossings 90 degree strike-slip fault in elastic
range. The simplicity of this method is the main
advantage. After verification of the FEM-based
model for 90 faultin the elastic range, this FEM-
based model could be extended and use for
other cases (with different angles and etc.,) with
valid results.

2) Decreasing of faulting angle (having oblique
fault to the pipeline) makes a large increase in
maximum axial force response of pipeline and
makes an effective decreasing in shear force
and bending moment response of pipeline
crossings strike-slip fault.

3) A direct relation between pipeline and fault
crossing angle @ and axial pipe-soil interaction
without axial pipe-soil interaction has observed.
The pipeline responses were similar even in
different faulting angles. In another word, the
main parameter on implementing of faulting
angle effect is axial pipe-soil interaction.

4) The Axial pipe-soil interaction on pipeline
crossings strike-slip fault problems has found
very effective and important, which has made a
big change in force-displacement responses of
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the pipeline.

In The response of pipeline in FEM cases
without axial pipe-soil interaction spring in
comparison with the cases with the axial pipe-
soil interaction, in maximum axial force response
of pipeline were several times less, in maximum
shear force response of pipeline 20% to 35%
was more and in maximum bending moment
25% to 45% were more. Therefore for having an
economic and realistic design method for
controlling the damage of pipeline crossings
strike-slip fault problems, it's very important to
take accurately axial pipe-soil interaction effect
into account.
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ABSTRACT

This paper examines the characteristics of damage to water supply system in heavy rain
disasters in order to take effective measures against heavy rain. Firstly, a database of damage to
water supply system in heavy rain disaster was made. The data include the damage to water
supply facilities induced by heavy rain in Japan from 1999 to 2015. Thirty-six heavy rain
disasters are picked up here because sufficient information of water stoppage and amount of
rainfall are available from the database. The relation between water stoppage and amount of
rainfall was clarified by using the database.

INTRODUCTION

Recently, frequency of heavy rain that is more than 50mm/h or 200mm/day has increased,
therefore disasters frequently occurred in Japan. Water supply systems were also damaged by
heavy rain. In the Kanto and Tohoku heavy rain disaster in 2015, two of the three purification
plants in Joso city, Ibaragi prefecture were flooded and the water supply of many households
stopped for about two weeks. There is every possibility of failure of water supply system by
heavy rain in everywhere. However, water supply system was thought that it has not strong
relation to heavy rain disaster, thus countermeasures against heavy rain was not taken positively.
The water supply system was damaged by heavy rain so often in the past. Nevertheless, there are
few studies that compare and review the damage to water supply system in heavy rain. The
lessons learned from the disasters were, therefore, not opened and not used. This paper examines
the characteristics of damage in heavy rain disasters in order to take effective measures against
heavy rain.

CHARACTERISTICS OF DAMAGE IN HEAVY RAIN DISASTERS

Comparison with earthquake disaster: First of all, a database of damage to water supply
system in heavy rain disasters was made by using the data of newspapers and statistics issued by
government. The data include the damage to water supply facilities induced by heavy rain in
Japan from 1999 to 2015. The damage by heavy rain is compared with that by earthquake to
clarify the characteristics of the damage. Table 1 lists a number of incidence and water stoppage
by heavy rain and by earthquake, respectively. According to Table 1, the number of water
stoppage by earthquake is much bigger than that by heavy rain. However, the number of water
stoppage per one incidence is almost the same as in heavy rain as in earthquake if the number in
Tohoku earthquake is neglected because of very rare incidence. Therefore, it indicates that the
damage by heavy rain is also very severe.

The differences of the damage by heavy rain and that by earthquake are examined. The
damage depends on the seismic intensity at installation place in case of earthquake. However,
when there is large precipitation at water resource and the upper stream of a river, water stoppage
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may be occurred even if there is small precipitation at installation place in case of heavy rain.
Figure 1 shows the relation between period of water stoppage and precipitation, that is,
maximum hourly precipitation and cumulative precipitation in each local municipality. This
figure indicates that the period of water stoppage does not depend on the precipitation directly.

Table 1. Comparison of water stoppage in earthquake and heavy rain.

Heavy Rain
EQ (incl. Typhoon)
Number of incidents 5 32
Total number of water stoppage [household] 2,661,038 490,094
(Except Tohoku EQ) [household] 93,828
Average number of water stoppage [household/incident] 18,766 15,315
Average period of water stoppage [day/incident] 20 16
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Figure 1. Relation between maximum hourly precipitation and period of water stoppage

Duration of each hazard is different. When heavy rain starts, then water level of a river rises
and flows out or inundation inside a levee may occur, it takes longer time in comparison with
earthquake. The flooded damage in heavy rain, particularly by river flood may be, therefore,
forecasted.

A sanitation problem may be created in heavy rain disaster such as a river flood or inundation
inside a levee. The water-demand in heavy rain disaster is not only daily life water but also water
for cleaning. A waterworks bureau therefore must prepare emergency water-supply not only for
daily life use but also for cleaning in early restoration in heavy rain disaster.

Flowchart of occurrence of damage in heavy rain: Figure 2 shows a flowchart that
indicates how the damage occurs to water supply facilities by heavy rain. First step is whether
water level of a river rises or not. When water level of a river rises, a water pipe bridge and/or a
bridge-attached pipe may flow out or may be damaged. If a waterworks bureau uses river water
for raw water, a water intake may be blockaded and raw water condition become heavily muddy.
Furthermore, if a river is flooded, each water supply facility is inundated and water stoppage
may occur with high probability. The extent of damage depends on inundation height. Water
pipes buried close to a river bank may be damaged by scour of surface ground.

Even when sediment disaster occurs in mountainous areas, water supply facilities and pipes
nearby the disaster may be damaged seriously. When water supply facilities sustain structural
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damage, water stoppage may occur with high probability in case of no bypass pipe or no
connecting pipe to other municipality.

Rise of water
level in a river

NO

Sediment disaster
NO

Inundation inside a levee
NO
YES Road collapse
NO

YES Probability of
water stoppage is

Blockade of
intake

Damage to water pipebridge
and bridge-attached pipe

High turbidity

Flood of river Damage to facilities High turbidity

YES N low.
4 TSR AR
T 4D

Damage to
facilities

Damage to
pipeline

Water
Stoppage

Figure 2. Flowchart of occurrence of damage to water supply system by heavy rain.

When inundation inside a levee occurs, water supply facilities are damaged functionally and
structurally, and then water stoppage may occur. Furthermore, when a road collapses by heavy
rain, water pipes may be damaged, broken away or flow out.

RELATION BETWEEN AMOUNT OF RAINFALL AND WATER STOPPAGE

The data of water stoppage and amount of rainfall such as precipitation from 1999 to 2015
are analyzed here. Thirty-six heavy rain disasters are picked up because sufficient information of
water stoppage and amount of rainfall are available from the database. The data is arranged in
each local municipality. When water stoppage is related to a river, data of rainfall is used not at
areas where water stoppage occurred but at upper stream area of the river. The maximum hourly
precipitation, cumulative precipitation and cumulative precipitation until water stoppage are
used as a fundamental statistics of rainfall.
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Figure 3. Histogram of maximum hourly precipitation in each water stoppage.

Figure 3 shows a histogram of maximum hourly precipitation of each municipality in each
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water stoppage in heavy rain disaster. According to Figure 3, a rank of 35-39mm/h is the most
frequently and its cumulative ratio is over 50%. A cause of water stoppage is not related to
precipitation directly, but related to power stoppage or high waves during heavy rain disaster in
17 cases and maximum hourly precipitation is less than 15mm/h in eight cases of them. Since
most of causes of water stoppage was not related to precipitation in case of a value of less than
15mm/h, 15mm/h of hourly precipitation is set as an index of water stoppage in this study. An
hourly precipitation of 15mm/h is cumulative ratio of 10% in Figure 3.
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Figure 4. Histogram of cumulative precipitation in each water stoppage.
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Figure 5. Histogram of cumulative precipitation until water stoppage in each water
stoppage.

Figure 4 shows a histogram of cumulative precipitation of each municipality in each water
stoppage in heavy rain disaster. A rank of 300-329mm is the most frequently and its cumulative
ratio is over 50%. However, a cumulative precipitation is a precipitation from beginning to end
of rainfall thus we cannot use it for advance preparation for disaster. Figure 5 shows a
cumulative precipitation until water stoppage. A rank of 280-299mm is the most frequently and
cumulative ratio of a rank of 160-179mm is over 50%. A cause of water stoppage is not directly
related to precipitation, but related to failure of aged pipe, power stoppage or high waves
during heavy rain disaster in case of a value less than 59mm. Therefore, 60mm of cumulative
precipitation is set as an index of water stoppage in this study.

IMPACT OF DAMAGE TO EACH FACILITY TO WATER STOPPAGE

Impact of damage to each water supply facility is discussed by using number and period of
water stoppage here. Table 2 lists number and period of water stoppage, maximum hourly
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precipitation, cumulative precipitation and cumulative precipitation until water stoppage if
damage occurs at purification plant, pipeline, pump station, or intake.

Table 2. Number and period of water stoppage by damage to each facility.

Cumulative
Max. hourly Cumulative  precipitation

Number of  Period of

water water =i — v
precipitation precipitation until water
stoppage stoppage Tamk] - /-
[household] [hour] ppag
[mm]
Mean 3877 1184 40.2 3775 2938
Purification Median 2539 64.0 33.0 3240 296.3
plant SD. 3463.2 129.6 275 219.7 1418
Number of data 1 9 11 11 10
Mean 1043 41.5 435 319.8 166.3
. A Median 83 240 410 302.0 1540
Pipelline
SD. 32418 431 20.6 176.3 1189
Number of data 63 50 63 63 49
Mean 3808 88.1 47.2 493.8 2848
p Median 1n 56.1 33.3 388.0 2925
ump station
S.D. 6966.7 95.8 46.7 382.7 109.1
Number of data 6 4 6 6 4
Mean 4690 67.0 37.8 367.6 262.7
fitake Median 462 64.0 353 303.8 179.0
S.D. 84228 45.7 19.8 236.9 2215
Number of data 32 23 32 32 29
Mean 367 50.1 256 2254 1574
Other Median 66 120 255 176.0 119.0
S.D. 636.3 105.0 8.4 202.7 1219
Number of data 9 7 9 9 7

Table 3. Number and period of water stoppage in each pipe.

Aqueduct Transmission pipe Distribution pipe
Number of water Mean 162 1,978 1,666
stoppage Median 158 1,000 32
[household] Number of data 4 5 27
: Mean 353 61.3 39.1
Spfo r:;:g‘;f E’:;::jr Median 48 135 24
Number of data 3 3 24

Median of a number of water stoppages is bigger if damage occurs at purification plant or
pump station than those at other facilities. This means that those two functions strongly influence
water stoppage. Median of a number of water stoppages in pipelines is the smallest and a
difference between the mean and median of water stoppage in pipelines is large. The reason is
seems whether main pipes is damaged or not. Table 3 shows a comparison in each pipe. This
table indicates that damage to transmission pipe most influence water stoppage because mean of
number and period of water stoppage are largest.

Median of a period of water stoppage is larger if damage occurs at purification plant or intake
than those at other facilities according to Table 2. This means that those two functions strongly
influence period of water stoppage. Median of a period of water stoppage in pipelines is the
smallest. The reason seems that the pipeline is able to be restored a short period. According to
Table 3, transmission pipes strongly influence a period of water stoppage.

Finally, resistance of each facility against heavy rain was discussed by using each
precipitation data in Table 2. The mean of hourly precipitation is the smallest in case of damage
to intake. The function of intake is weak for momentary heavy rain. On the other hand, the
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function of pump station is strong for momentary heavy rain because the mean is the biggest.
The mean of cumulative precipitation until water stoppage is the biggest of purification plant
thus the resistance of this function seems to be strong.

Table 4. Number and period of water stoppage induced by inundation of purification plant
and high turbidity of water resource.

Number of water Period of water Max. hourly Cumulative Sr:::ali::';{:n
stoppage precipitation precipitation 3
[household] stoppage [hour] /b friia] until water
stoppage [mm]
Maximum 33400 241 93 1021 77
Minimum 0 0 6 39 0
High turbidity Median 2900 64 19 217 95
Mean 8731 82 289 3450 261.2
Number of data 9 7 7 7 5
Maximum 35377 465 288 569 472
Inundation of Minimum 40 62 26 59 259
plant Median 3578 143 43 429 323
Mean 8409 168.9 65.6 381.7 345.0
Number of data 14 11 11 11 8

From the above, resistance of purification plant is strong but if damage to purification plant
occurs, number and period of water stoppage become comparatively large. On the other hand,
resistance of function of pipelines is relatively small but number of and period of water stoppage
is not so large.

Damage to purification plants strongly influences water stoppage in heavy rain disaster.
Influence of inundation of purification plant and high turbidity of water resource in floods are
compared. Table 4 lists number and period of water stoppage induced by inundation of
purification plant and high turbidity of water resource. The mean of number of water stoppage is
almost same but median of that induced by inundation of plant is one point two times larger than
that by high turbidity. Median of period of water stoppage by inundation of plant is two times
longer. Because when a water purification plant is covered by water, not only the function of
purification but also transmission, distribution and draining is damaged.

DIFFERENCE OF DAMAGE BY FLOODS AND SEDIMENT DISASTERS

Influence of damage by floods and sediment disaster on water supply system is discussed.
Table 5 lists number and period of water stoppage by floods and sediment disasters during heavy
rain. Median of number of water stoppage in floods is two times larger than that in sediment
disasters. Median of period of water stoppage in floods is also longer than that of sediment
disasters. Cumulative precipitation until water stoppage in both disasters is compared. The mean
of cumulative precipitation until water stoppage in floods is smaller than that of sediment
disasters. Thus, water stoppage in floods occurs easily. Table 6 shows number of water stoppage
induced by damage to each facility. According to this table, water stoppage induced by damage
to pipelines is occurred in sediment disaster rather than in floods. Furthermore, damage to
pipeline or purification plant easily causes water stoppage in floods and damage to pipeline or
intake easily causes water stoppage in sediment disasters.
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Table 5. Number and period of water stoppage by floods and sediment disasters.

SESSION 4

Number of Period of Max. hourly Cumulative Cum‘ul.atl\{e
water stoppage water stoppage precipitation precipitation pre<.:|prtat|on

[household] [hour] [mm/h] [mm] untll weter
stoppage [mm]
Mean 1909 65.2 401 334.1 2429
Floods Median 355 48 37.8 3248 164.0
S.D. 3086.7 71.5 1561 184.2 155.3
Number of data 18 17 18 18 15
Mean 1644 52.6 40.7 375.3 2740
Sediment Median 176 248 36.5 298.5 2375
disasters S.D. 4078.5 63.1 20.7 2311 1721
Number of data 42 30 42 42 33

Table 6. Number of water stoppage induced by the damage to each facility.

Purification plant Pipeline Pump station Intake Other Sum
Floods 5 7 2 4 1 19
26% 37% 1% 21% 5% 100%
Sedimant 2 28 1 14 5 50
disasters 4% 56% 2% 28% 10% 100%

From the above, number and period of water stoppage in floods are larger than those in
sediment disasters. Nevertheless, period of water stoppage in sediment disaster is longer than
that in floods in case of damage to pipelines. Furthermore, water stoppage in floods easily occurs
than that in sediment disaster because cumulative precipitation until water stoppage in floods is
smaller than that in sediment disaster.

CONCLUSION

The damage to water supply system by heavy rain is analyzed in this study. Firstly, a
database of damage to water supply system in heavy rain was made by using the data of
newspapers and statistics issued by government in Japan from 1999 to 2015. Then the relation
between water stoppage and amount of rainfall was discussed by using the database. The results

of this study are summarized as follows.

1) 15mm/h of hourly precipitation is an index of occurrence of water stoppage and 60mm of
cumulative precipitation is another index of occurrence of water stoppage.

2) A resistance of purification plant for heavy rain is strong but if damage to purification
plant occurs, number and period of water stoppage become comparatively large. On the
other hand, the resistance of function of pipelines is relatively small but number and
period of water stoppage is not so large.

3) Number and period of water stoppage in floods are larger than those in sediment
disasters. Nevertheless, period of water stoppage in sediment disasters is longer than that
in floods in case of damage to pipelines.

4) Water stoppage in floods easily occurs than that in sediment disaster because cumulative
precipitation until water stoppage in floods is smaller than that in sediment disaster.
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DEVELOPING AN ANALYTICAL METHOD FOR DETERMINING THE RADIUS OF FAILURE
ZONE OF SINGLE PILE IN SAND

PHAT TRIEN PHUONG PHAP GIAI TICH XAC DINH BAN KINH VUNG PHA HOAI CUA COC
DON TRONG CAT

ABSTRACT

Bearing capacity of single pile is an essential part of
foundation engineering field. The bearing capacity includes
shaft friction along the pile shaft length and end-bearing
capacity under the pile tip. The end-bearing capacity
intensely depends on failure zone around the pile tip and it
has been proposed by several authors. Failure zone has a
shape of spherical cavity expansion is a remarkable
proposal on which this research focused. An analytical
method based on cavity expansion theory was developed
to determine the radius of failure zone under the piled tip
for single pile in sand. Finite element method (FEM) was
also used for comparing purpose. The radius of failure zone
obtained from proposed method approximated to FEM.
Results indicated that the radius of failure zone of single pile
in sand can be determined using this proposed method.

KEYWORDS: analytical method, pile in sand, bearing
capacity, failure zone, cavity expansion.

TOMTAT

Suc chiu téi cGa coc don la mét phan quan trong trong
linh vuc nén moéng. Suc chiu tai nay bao gdbm ma sat bén
theo chiéu dai than coc va stc khang dudi mai coc. Suc
khang mai phu thuéc vao vung phé hoai xung quanh mii
coc, vung pha hoai nay da dugc dé xuat bai nhiéu tac gia.
Bai bdo nay tap trung nghién ctu vung pha hoai c6 dang
hinh cau theo ly thuyét mé rong 16 rong. Mot phuong phap
gidi tich dva trén ly thuyét mé rong ving pha hoai dang nay
dugc phat trién dé xac dinh ban kinh ctia viing pha hoai cho
coc don trong dat cat. Phuong phap phan ti hitu han cling
dugc st dung véi muc dich so sanh. Ban kinh cla vung pha
hoai tim dugc tir phuong phap giai tich xap xi két qua tim
dugc tir phuong phéap phan ti hitu han. Két qua cho thay
ban kinh viing pha hoai ctia coc don trong dat cat cé thé
xac dinh bang cach st dung phuong phap dugc dé xuat
nay.

TU KHOA: phuong phdp gidi tich, coc trong cdt, stic chiu tai,
viing phd hogi, ly thuyét mé rong viing phd hogi.
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1. Introduction

Many proposals for estimating bearing capacity of a
single pile have been used for a long time. These proposals
depend on the assumption of failure zone around the piled
tip. Randolph’s method, which is based on the analogy
between spherical cavity expansion and bearing failure, is
the same as the assumption in Fig.1 (d), as in [7]. Bearing
capacity of the single pile in sand was revealed in
Randolph’s method [5] but the radius of the failure zone was
not determined.

() (b) o @
Prandtl DeBeer Berezantsev Bishop. Hill
Reissner Jaky &Yaroshenko and Mott
Buisman Meyerhof Vesic Skempton, Yassin
Terzaghi and Gibson

Fig. 1 Assumed failure patterns [7]

In this study, an analytical method was developed to
determine the radius of the failure zone under the pile tip of
single pile in sand. The analytical method was based on
cavity expansion theory. Beside the analytical method, finite
element method was performed using 2D Plaxis.

Through this analytical study, it is expected the radius of
single pile in soils could be determined more accurately and
the new reliable results would be obtained. Some
discussions and recommendations were also presented.

2. Literature review

In Terzaghi's assumption (1943), the failure surfaces
developed between the edges of the pile tip and the
horizontal plane as show in Fig. 1(a). In Meyerhof’s bearing
capacity theory (1951), the failure zone was assumed as in
Fig. 1(b). In Fig. 1(c), the failure surface at ultimate load
under a single pile is termed as punching shear failure by
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Vesic (1963). As per the theory of cavity expansion, the
failure zone is analogous to spherical cavity expansion. This
research has focused on the assumption as shown in Fig.
1(d).

3. Analytical method

3.1 Equilibrium condition

In cylindrical coordinate: Notation for normal and shear
stresses in cylindrical coordinate is in Fig. 2. The stresses are
acting on an elemental soil mass. For equilibrium, summing
forces in z direction. The equation of equilibrium for forces
in the radial direction

s

Fig. 2 Forces for an elemental soil mass in cylindrical
coordinate system

+£%+ f,=0
r oo

0o, L9 =%

or r

. 0o, o0,-0,

Neglecting f,, 7, = a—+—
r r

=0

In spherical coordinate:

Fig. 3 Forces for an elemental soil mass in spherical coordinate
system

Summing up forces in the radial direction, neglecting
body force per unit volume in the radial direction, the
equation of equilibrium can be obtained
%+ 10z, . 1 0Oty N 20,-0,-0,+1,CO0tg _

or r 06 rsin@ o¢ r

0
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For 6 is infinitesimal: sin@ =cotd = 6
The axial symmetry that for the spherical cavity: o, = o,

Neglecting 7, and 7, . Neglecting

:%4_ 2(oc, +0,) -0
or r
Insummaryai+kM=0 (1
r r

where : k=1 for cylindrical cavity ; k=2 for spherical cavity

3.2 Cavity expansion problem

Initially, at time t=0: the cavity has a radius g, and an
internal pressure po = 01 = 0; = 03 with 0/, 02, 03 are the
principal stress components. At time t later: the cavity has a
radius a, internal pressure p . In the radius direction:
or=p when r=a ;0,=po when r =

Fig . 4 Cavity expansion radius [2]

3.3 Plane strain and axial symmetric conditions

The expansion in cylindrical cavity occurs under plane
strain conditions. The plane strain state obeys Hooke’s law.
There is no components of plastic strain in z direction and
plane strain conditions provide that As; =0.

Ag, = %(H/Aal -VAo,+Ac,) =0

= Ao, =v(Ao, +Ao,)
In cylindrical coordinate: Ao, =

= Ao, =v(Ao, +Ac,)

Aos , Ase; = A&
(2)
(3)

From axial symmetric conditions we have o, = o,

3.4 Hooke’s law

Relationship between the rates of change of stress and
strain is based on Hooke's law:
o =D¢ (4)
where: 6 =(6,,6,)"; &=(¢,ké,)

g =-oulor; g, =-ulr,u=r—r,

Differentiation with respect to time:
& =—0ulor; g,=-ulr

The coefficients of the matrix D depend on the type of
material analysis, as in [2]

For purely elastic deformations

A+2u A
D =
A A+2ulk
For deformations, involve plastic yielding
D< 2G| 1 1/M
7 |1U/N 1/MN
where: G is elastic shear modulus,
_k@-v)-kv(M +N)+[(k-2)v +1]JMN
[(k=1)v +1]JMN
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U is Poisson’s ratio for the ideal
M = ([@+siny)(L-siny), pis dilatancy angle.
The total strain includes elastic and plastic strain :

material,

=65+ @
&l 1
In plane strain condition: —&-=-—; =0
&, M
((,.’P
In symmetry condition: 5 = =4y
& M
P
£ k
In summary: - =—-— (8)
&v M
]

3.5 Mohr-Coulomb criterion

Shear stress

Principal stress

b
A 03\ (0] /ol
Fig. 5 Mohr circle (purely frictional material)
S|n¢:%:M o-lz:l'-'—s!n¢0'3:>0'1:NO'3
OA o,+0, 1-sing

where N = (L+sing)/(1-sing)

orand op are the major and minor principal stresses during
cavity expansion

=0, =No, 9)

3.6 Radius of failure zone

Plastic yield is occurring throughout the regiona<r < R.
Beyond the elasto-plastic interface (r > R) the material
remains elastic, as in [2].

Efastic

Fig. 6 Cavity expansion problem

k
U=z, Gj (10)

where: &, = (o, — p,) / 2Gk (11)

At the elastic-plastic boundary, radial stress and
circumferential strain:
Radial stress: o, :% Po
N-1p,
N+k 2G

(12)

Circumferential strain: &, = (13)
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3.6.1 Equilibrium condition in plastic zone
From Eq.(1) and Eq.(9)
o _Or
S do TN g
dr r
dop y Notoe g (14)
dr N r
,kE
Eq.(14) can be solved: o, =Cr N ;
,kE
whenr=R: ¢, =0y >0, =CR "
p1
S _ [LJ (5)
Og R

where: f=1-k(N-1)/N
The constitutive relation in the plastic zone:
From Eq. (6) and Eq. (4)

| [ 1 1MI2a[ &
6, [N 1UMN]| y |ké,

. 26 k . X o ku

>0, =—I(+—¢) o0, m=—""-——
V4 M 2G o Mr

a, ki o

o Mr 2G

au u o
= tg—=—y—r 16,

or ar ZZG 16)
where:  a=k/M, M =(+siny)/(@-siny)

Y is dilatancy angle.
Combining Eq. (15) and Eq. (16):

ou rY'R
—+a—=—-k(k+1 —| = 17
ar ey = )ERZ(RJ R a
In addition, when r =R, Eq.(10) becomes
U=(k+1)eR (18)
Now, Eq.(17) can be solved:

ky (r .
u=—-(k+1eg, — | R+r“C (17

a+p\ R

Applying the appropriate boundary condition at the elastic-
plastic interface (r =R )and Eq. (18)

. K RY .
(K +1)esR = —(k +1)e5 —2Z [—) R+R“C
a+pB\R

oC=(k +1)gRR{1+k—Z}R“
a+pf

Equation (17’) can be written:
a B
R r :
U=¢e|T|—| -Z|—=| |R (19)

whereT—(k+1)[1+ kz ]; Z=(k+1) kz
a+pf a+p

Equation (19) can be rewritten as

o< (5

For steady state deformation, ratio /R — r/R
Eq. (20) becomes

Ita 1-5
lZERHBJ _z[ﬂj } 1)
r r

From Eq.(21) and Eq.(13):
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Lo 14
L2 N (R)7 ()
p, N+k r r

When r = a the radial stress is treated as limit pressure:
o, = p, .Equation (22) becomes

lia -4
(R] o8N
a a p, N-1
Henceforth, the radius of failure zone of single pile in
sand now can be determined using Eq.(23).

(22)

(23)

3.6.2 Geometry and properties

e—id=1m
A4
- Ik
L=50m

Sand Concrete
7 =17 kN/m’ 7 =24 KN/m’
Mohr-Coulomb Non-porous
E,=5.3x 107 kKN/m? E,=2.355x 107 kN/m?
v =03 v =0.15

Fig.7 Geometry parameters

Table 1 Properties of sand and pile

Description Sand Pile
Young's modulus, E (kN/m?) 53x10*  2.355x 10’
Weight, y (kN/m?) 17 24
Poission’s ratio v 0.3 0.15
Friction angle ¢ (degree) 35.5 -
Dilatancy angle i (degree) 0 )
Diameter, d (m) ;0

Embedded length of pile (m)

The geometry in Fig.7 described a single concrete pile 1
m in diameter and 50 m long driven into a homogeneous
sand layer. The sand layer was modelled with Mohr-
Coulomb criterion while the pile was treated as a non-
porous material. For the pile, the Young’s modulus, E, is
equal 5.3x 10* kN/m?and for the sand layer equal 2.355 x
10” kN/m?2. Some other parameters of the pile and the sand
layer were written in Table 1.

The radius could be determined by using Eq.(24).

Internal pressure: p, =y x L = (17-10)x50 = 350 (kN/m?)
N = (1+sing)/ (L-sing) =3.77

M =(@+siny)/(L-siny) =1

a=kIM=2; B=1-k(N-1)/N =-0.47; y =0.471

T =4.846; Z =1.846

[ 1-4
Thus, T(B] —Z(E) _BN+k
a

a P, N-1
. 38.768R° _5.114R _ 20388 3.77+2 _
035 3.77-1

= R~1.875 (m)
4, Finite element method (FEM)

4.1 Mohr-Coulomb Model.
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_;‘ -0

/=0
/<0

Not acceptable
Plasticity

Elastieity

Fig. 8 Yield surfaces for the model perfectly plastic model

The basic principle of elasto-plasticity is that strains and
strain rates are decomposed into an elastic part and a
plastic part:

e=gF +5P;é‘:éE +éP;é‘P =A(06g /0o )
The following parameters must be provided.
E:Young’s modulus (kN/m?);

u: Poisson'’s ratio;
¢ : Cohesion (kN/m?);

@: Friction angle (degree)
: Dilatancy angle (degree)

4.2 Analysis Of Single Pile In Sand

A geometry model was built according to Fig.7 and
Table 1. Material models are linear elastic for pile and Mohr-
Coulomb for sand. The models has 1348 elements using the
15-noded style (Interface element adhesion factor valued of
0.75). The mesh was generated with the global coarseness
set to “very fine”. The model has a width of 50 m, depth of
100 m and 11106 nodes.

Applying vertical settlement: s = (5% - 10%)d. There
was only a half of the pile geometry was built because this is
an axisymmetrical problem. Boundary condition was set as
standard fixities. The interface between pile and sand
around pile shaft was patterned with contact elements. The
interface factor of sand was supposed to be 0.75. The
mobilization settlement varies from 5% to 10% of the pile
diameter. The results are plotted in Fig.9, Fig.10 and Fig.11.
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.
ol
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=
11
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.
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g
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=
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Total incremental displacements (dUtot)
Exireme clfot 2.26%10 3m

Fig. 9 Failure zone under the pile tip (s=-0.05m; 5%d)
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_— B: 0.000
= C: 0.400
_49.00 D: 0.800
== E: 1.200
= F: 1.600
— G: 2.000
- H: 2400
-50.00 - I: 2.800
E J: 3.200
= . K: 3.600
= |5l L: 4000
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-51.00 N: 4.800
= O: 5.200
szo0] |
53.00- |1
‘ v
Tatal incremental displacements (dUtot)
Exireme cliot 5.19%10 3 m
Fig. 10 Failure zone under the pile tip (s=-0.075m;
7.5%d)
0.00 1.00 2.00 3.00
ST T T T W A A W S S |
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Fig. 11 Failure zone under the pile tip (s=-0.1m; 10%d)
5. Comparison of results

Accuracy of the analytical method can be assessed by
comparing results. Bearing capacity of the pile has not
already mobilized when vertical settlement s is equal 5% or
7.5% of diameter d. Geometry of glide was approaching
spherical shape. The value of radius R was acquired from
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analytical method and FEM (with s = 10%d) are 1.875m and
1.850m respectively. The two results shown this analytical
method is acceptable.

.00 1.00 2.00 3.00
(FTENE CEETE EEETE TS SN SEE TS CRETE
= | <
3 |
4500 | !
3 10 )
] f H A -2.000
4 | B 0.000
- |* .
4a00] | Cg32.000
—=1 D: 3000
=l E: 6.000
= | Fi 8000
= ; G: 10.000
sn00 F H: 12,000
b B I: 14.000
=} ; 1: 16,000
= ?»%L-;f,-"; K: 13.000
3 EiH— 4 |57 L: 20,000
B I ) M: 22,000
4 fe Q{‘j &>
0
2 fe
0 ¢
=l
4 |
ran] E -
0] | vertical settlement s = 0.1m
3 [ (10% )
= -
I+ '
Tatal incremental displacements {dUtat)
Exfrere clUiot 20.06%10 "3 m

Fig. 12 Radius of failure zone — Analytical method
& FEM

6. Conclusions

Radius of failure zone under pile tip of single pile in
sand can be determined using this method. The radius was
found in analytical method approximates to the radius was
found in FEM.

The formula for calculating the radius of single pile in
sand could be developed into the one for calculating the
radius of single pile in general soil.
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STRONG GROUND MOTION SIMULATION OF THE MAINSHOCK
OF THE 2016 KUMAMOTO EARTHQUAKES WITH MULTIPLE
POINT SOURCES AND NEAR SURFACE RUPTURES

ABSTRACT

We conducted strong ground motion simulation for the
main shock of the 2016 Kumamoto earthquakes (Mw7.0). In
the simulation, near surface rupture area (0-3 km deep) was
newly added to the point source model by Nagasaka and
Nozu (2017). Near and intermediate-field terms were
evaluated for the near surface slip area, which can be
predominant in near fault area, however, has often be
ignored in semi-empirical strong ground motion
simulations. These terms were evaluated by correcting
Green’s functions that consist of only far-field terms, based
on elastic wave theory. Then synthetic Fourier spectra and
velocity waveforms were compared with observations. The
result showed that near surface slip was necessary to
explain low frequency components below 0.5 Hz at stations
very close to the fault, indicating that near surface ruptures
are important for large structures with lower natural
frequencies.

KEYWORDS: Strong ground motion simulation, the 2016
Kumamoto earthquakes, source model
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1. Introduction

The main shock of the 2016 Kumamoto, Japan,
earthquakes occurred at 01:25 on April 16, 2016 (JST), with
Mw 7.0. The ruptures started at a depth of 12 km and
reached the surface, resulting in 34 km of surface ruptures
(Y. Shirahama et al., 2016). Source process analyses by
waveform inversion technique have been conducted for the
earthquake (Asano and Iwata, 2016; Kubo et al., 2016;
Yoshida et al., 2017; Nozu and Nagasaka, 2017) . They
revealed detailed slip distribution using relatively low
frequency components below 1 Hz except for Nozu and
Nagasaka (2017), which used 0.2-2 Hz. For engineering
purposes, it is also important to develop a strong motion
model that is sufficiently simple and applicable to higher
frequency components as well as low frequency
components.

Nagasaka and Nozu (2017) conducted strong ground
motion simulation using a pseudo point-source model
(Nozu, 2012), which consists of point sources, path effect,
empirical site amplification factor, and empirical phase
characteristics. In spite of its simplicity, the model well
reproduced the observed Fourier spectra and velocity
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waveforms of the Kumamoto earthquake. On the other
hand, Nagasaka and Nozu (2017) underestimated low
frequency components below 0.5 Hz, which can be a
problem when the simulated ground motions are used as
the design ground motion of large structures such as quay
walls or high rise buildings. The underestimation in the low
frequency range can be attributable to the effect of near
surface slip, which were not considered in the point source
model.

The effect of near surface slip can be seen as permanent
displacements in observed records because near and
intermediate-field terms are significant in the near fault
region. In fact, over 100 cm of permanent displacement and
over 100 cm/s of peak velocity were observed at the KiK-net
station KMMH16 (Aoi et al., 2004; Okada et al., 2004) as
shown in Figure 1. This fact shows that near surface
ruptures affected the strong ground motions for the
earthquake although near surface slips have often been

ignored in semi-empirical strong ground motion

simulations.

5E 100+ e e

é‘é 0 ....\ﬁll J'!!‘_.ﬂd\ T

SE Ll -

Z8 - . |— Velocity

2L 100+ | Im —— Displacement

78 . 10 0 ) 40 50
Time (s)

Figure 1: Estimated velocity and displacement at KMMH16
during the 2016 Kumamoto earthquake

In the semi-empirical strong motion models, recorded
or simulated weak-motions are used as Green’s functions
and these weak-motions usually do not include permanent
displacement. Nagasaka and Nozu (2017) also considered
only far-field terms in their simulation with point sources.
Thus, considering near surface slips in the strong ground
motion simulation can potentially improve our strong
mtion model for the Kumamoto earthquake.

In this study, strong ground motion simulation model
by Nagasaka and Nozu (2017) was revised by incorporating
a near surface slip area to the point sources, and the effect
of the near sruface slip was examined.

2. Methods

2.1 Pseudo point-source model

The pseudo point source model is a source model for
strong ground motion simulations. In the pseudo point
source model, synthetic Fourier transform at a target site
from a point source is modeled using the source, path, site
amplification, and phase spectra, which can be written as

R o(f)
A(f) = b(f)P(f)G(f)—EO(f)ip.

where f is the frequency, A(f) is the synthetic Fourier
transform at a target site, S(f) is the source spectrum, P(f) is
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the path spectrum, G(f) is the site amplification factor,
O(f)/|O(f), is the phase spectrum. S(f) and P(f) are given by
Boore (1983):

M (2mf)?
8(F) = Roy PRIIIN FS o T eyt
1 nrf
P = e (- 7).

where Ry is the radiation coefficient, PRTITN is the
coefficient to divide the seismic energy into two horizontal
directions, FS is the amplification factor due to the free
surface (=2 in this study), M is the seismic moment, p and 8
are the density and shear wave velocity in source region. f
is the corner frequency, r is the distance from the point
source to the site, Q is the quality factor. S(f) follows the
omega-square model and P(f) includes geometrical
spreading and inelastic damping.

For G(f), in this study, we used empirical site
amplification factors that were evaluated by spectral
inversion technique using many observed records (Nozu et
al. 2006). Velocity profiles are not necessary to evaluate the
empirical site amplification factors. They are simply derived
from the observed records and, therefore, they are
consistent with the characteristics of observed records.
S(AP(AG(f) corresponds to the synthetic Fourier amplitude at
the target station.

O(f) is the Fourier transform of a weak motion record at
the target station to evaluate the phase characteristics.
|O(A)|p is the absolute value of O(f), to which a Parzen
window of 0.05 Hz bandwidth is applied. O(f)/|0(f)] is a
complex spectrum whose absolute value is almost one. The
absolute value of O(f)/|O(f)|» is not a constant value, but has
ripples because the Parzen window is applied in the
denominator. The ripples are necessary for generating
causal ground motions (Nozu and Sugano, 2008). Synthetic
waveforms are the sum of sinusoidal waves with various
frequency and each sinusoidal waves is not causal. Causal
synthetic waves can be obtained by summing sinusoidal
waves with appropriate combination of amplitudes and
phases. Thus, we need to keep the ripples in O(f).

In the pseudo point-source model, only six parameters
are necessary for each point source, namely, longitude,
latitude, depth, seismic moment, corner frequency, and
relative rupture time. The model does not explicitly
consider the spatiotemporal extension of the source for
simplicity. Instead, the finiteness of the point source is
implicitly considered by f, which is inversely proportional to
the square root of the area. In spite of the simplicity, the
model has successfully been applied to large earthquakes
including the 2011 Tohoku earthquake.

2.2 Near surface slip area

For the near surface slip area, we need to evaluate the
near and intermediate field-terms, which become
predominant over the far-field terms when the target site is
close enough to the fault. Nozu (2006) proposed a simple
method to evaluate the near and intermediate-field terms.
In the method, Green'’s functions consisting of only far-field
terms for P and S waves are firstly evaluated by multiplying
S(f) and P(f). The Green's functions include source spectrum
that follows the omega-square model, geometrical
spreading, and inelastic damping. For P-waves, P-wave
velocity a is used instead of S-wave velocity 8 and
appropriate Reyis used for S waves and P waves.
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Then theoretical expression for the elastic waves from a
dislocation point source in an unbounded uniform medium
is used to evaluate the near and intermediate-field terms
from the far-field terms.

7
v 1 . 7 wp_ L o T

M Riy— rr[r—rnrr+k,,,,r?—"?_,r{r—;)

uix,t) =— ¥
dmp -

: . r : [ Ty 1, 'y
RS (0= 5) +Rog s/ (1 2) + R/ (1= 3)

where u(x, t) is the displacement at coordinate x and time ¢,
f(t) is the normalized source time function. Ree is the
radiation coefficient and the superscripts of Re, are the
abbreviations for the Near, Intermediate-field P,
Intermediate-field S, Far-field P, and Far-field S waves,
respectively. a is the P-wave velocity.

After applying Fourier transform to u(x, t), the ratios of
all the terms to far-field P and S terms are calculated
respectively. The ratio is calculated for the 6 and ¢
components and the r component separately because far-
field S wave has 8 and gcomponents and far-field P wave
has only r component. It can be theoretically shown that the
ratio is not dependent on 6 and @ The ratio can be
expressed as follows.

For the 8 and gcomponents:

N;.}ql, + .’P.q!b + 1’59{’5 + FS
FS B

o B )-* [1 B (ﬁ)] L (ﬁ)z LB c-.-f.,r(;‘._;;)]

T T
72 —ier{1-1 5
+2:(%) (%) ool ff}—3;(%)+1,

for the r component:
N, + 1P, +1S, +FP _
_FP -

o 1)5 [1 _ e—swr-(-f;—é)] _§ (1)" [1 - %(r&)]

raw T

—ai(-2) +31(2) (;j aolea) o1,

rw T

where w is the angular frequency (=2mf), i is the imaginary
unit. For the 6 and gcomponents, S(f)P(f) for far-field S term
is multiplied by the ratio of 6 and ¢@components to obtain
the Green’s function including all terms; for r component,
S(AP(f) for far-field P term is multiplied by the ratio of r
component.

Finally, empirical site amplification factors and empirical
site phase characteristics are incorporated into the Green's
functions. In this study, our target frequency range is 0.2 to
10 Hz because the empirical site amplification factors used
in the study are valid in that particular frequency range
according to Nozu et al. (2006).

3. Simulation for the 2016 Kumamoto earthquake

3.1 Settings

Target stations and the modeled fault geometry of this
study are shown in Figure 2. Eight K-NET and KiK-net
stations around the fault were selected from the stations
used in nagasaka and Nozu (2017). Among the eight
stations, KMM006, KMMH16, and KMMO005 are especially
close to the fault. The point sources, the near surface slip
area, and its slip distribution used in this study are also
shown in Figure 2.
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Figure 2. Target stations and the modeled fault geometry
used for the simulation

Table 1. Parameters of the pseudo point source model

Point Point Point
source 1 source 2 source 3
Longitude 130.78° 130.80° 130.89°
Latitude 32.77° 32.78° 32.84°
Depth 18.0 km 18.0 km 15.0 km
Seismic 4,0%x10" 7.0x10" 8.0x10"®
Moment Nm Nm Nm
Corner 0.50 Hz 0.60 Hz 0.12 Hz
Frequency
Relative 00s 115 57s

Rupture Time

Parameters for the pseudo point source model are the
same as in Nagasaka and Nozu (2017). The point sources
were aligned on a single fault plane with a strike of 232° and
dip of 84°. Density of 2400 kg/m? and S wave velocity of 3.55
km/s were used. Parameters for each point source are
shown in Table 1. We used the empirical site amplification
factors evaluated by Nozu et al. (2006) with the generalized
inversion technique, using weak motions. The site
amplification factors for KMM006 and KMMH16 were
revised by Nagasaka and Nozu (2017). The records of the
earthquake of April 16, 2016 occurred at 04:51 (JST) were
used to evaluate the phase characteristics for all the target
stations.

For the near surface slip area, P and S wave velocities
were assumed to be 5.10 km/s and 3.00km/s, respectively.
Rise time was 3 s, and the rupture velocity was assumed to
be 2.1 km/s from Nozu (2017), in which source process
analysis of the Kumamoto main shock was conducted
based on the method by Hartzell and Heaton (1983). In
Nozu (2017), 3 s of rise time (12 time windows with an
interval of 0.25 s) was assumed and 2.1 km/s of rupture
velocity minimized the residual. The length of the area was
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29 km and the slip distribution was determined to be
consistent with the field survey by Shirahama et al. (2016).
We used the average radiation coefficient and thus rake
angle was not necessary. Q was assumed to be 114f %% from
Kato (2001). Finally, the width for the near surface slip area
was determined so that the Fourier spectrum error defined
by the following equation was minimized.

~0.5Hz

2 .

Fourier spectrum error = ‘ {]ngm F3op, —logye FS_\-_\.,,) d(logyg f)
“0.2Hz

The Fourier spectrum error was calculated using only
three stations closest to the fault (KMMO005, KMMO0O06, and
KMMH16) where the effect of near surface slip was
significant. As a result, the width was determined to be 3
km. The site amplification factors and phase characteristics
were considered in the same way as for the pseudo point
source model using the same weak motion records.

3.2 Results

The synthetic and observed Fourier spectra at the target
stations are shown in Figure 3. In general, the synthetic
Fourier spectra with only point sources (green lines) well
reproduced the observed spectra, and the contribution
from the near surface slip (blue lines) was not predominant.
However, there are some exceptions. Among the stations
close to the fault (KMM005, KMMO006, and KMMH16), at
KMMO006 and KMMH16, the effect of the near surface slip
(blue lines) well compensated for the insufficient
contributions from the point source model (green lines) in
the low frequency range. In contrast, the point source
model remained predominant in the low frequency range
at KMMO005.

This result can be due to the difference in the distance
from the surface rupture. KMMOOS5 locates farther from the
surface rupture than KMM006 and KMMH16. The effect of
near surface slip attenuates rapidly with distance. Another
possibility is that the assumed total near-surface slip in the
simulation might be too small. We determined the slip
distribution based on the field survey, however, the surface
ruptures do not necessarily reflect the actual slip on the
fault. In a future work, other approaches to determine the
slip on the near surface slip area should be considered. The
near surface slip area had little effects on the simulation
results at the other five stations because those stations are
not very close to the fault.

The synthetic and observed velocity waveforms (0.2-2
Hz) at KMMO006 and KMMH16, where the effect of the near
fault slip area was significant, are shown in Figure 4. Figure
4 shows that the synthetic velocities with only near surface
slip area (blue lines) mainly contributed to the low
frequency range and the large velocity pulses were
generated by the point sources. This tendency corresponds
to that seen in Figure 3.
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Figure 3. Synthetic and observed Fourier spectra (Black:
Observed, Red: Synthetic, Blue: Synthetic with only near
surface slip, Green: Synthetic with only point sources)
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Figure 4. Synthetic and observed velocity waveforms (Black:
Observed, Red: Synthetic, Blue: Synthetic with only near
surface slip, Green: Synthetic with only point sources)

4, Conclusion

We conducted strong ground motion simulations for
the main shock of the 2016 Kumamoto earthquakes with
point sources and a near surface slip area. The point source
model by Nagasaka and Nozu (2017) and a newly added
near surface slip area was considered in this study. Near and
intermediate-field terms were considered for the near
surface slip. Near and intermediate-field terms were
evaluated by a simple method in which the Green's
functions consisting of far-field terms are corrected based
on theoretical elastic waves. The synthetic Fourier spectra
and velocity waveforms showed that the near surface slip
had considerable effects in the low frequency range below
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0.5 Hz at KMMO006 and KMMH16, which locate very close to
the fault. Strong motions from the point sources were
predominant at the other stations. This result shows that
slip in a shallow area should be considered in the near fault
region especially when the simulation is intended to
generate design ground motions for large structures such
as quay walls or high rise buildings. One of the future tasks
is to examine the validity of the slip distribution for the near
fault slip area. Investigating the applicability of this model
to other earthquakes is also important.
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EFFECTS OF MAJOR NATURAL DISASTERS IN VIETNAM, GOVERNMENTAL SOLUTIONS
AND PEOPLE’S ATTITUDES DEAL WITH THE NATURAL DISASTERS
ANH HUGNG CUA MOT SO LOAI THIEN TAI CHINH G VIET NAM, GIAI PHAP CUA CHIiNH
PHU VA QUAN PIEM CUA NGUG1 DAN POI VOI THIEN TAI

ABSTRACT

Vietnam is one of the countries severely affected by
natural disasters and climate change, causing great
damage to people and property as well as to socio-
economic development. The country is mainly affected by
natural disasters such as storms, floods, droughts, salinity
intrusion and landslides, all of which have frequent and
severe impacts. This article discusses the effects of these
natural disasters, governmental solutions and people’s
attitudes deal with them.

KEYWORDS: natural disasters, climate change, Vietnam

TOM TAT

Viét Nam la mét trong nhitng nudc chiu anh hudng
ndng né cla thién tai va bién déi khi hau, gay thiét hai I16n
cho ngudi dan va tai sdn cling nhu phat trién kinh té€ xa
hoi. D4t nudc bi anh hudng chii yéu bai thién tai nhu: bao,
IG lut, han han, xam nhap man va I dat - ¢6 tac dong
thudng xuyén va nghiém trong. Bai viét nay thao luan anh
hudng clia nhiing thdm hoa thién nhién nay, cac gidi phap
cta chinh pha va quan diém cta ngudi dan déi phé vdi
tham hoa thién nhién.

TU KHOA: thién tai, bién khoi khi hau, Viét Nam
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Introduction

Viet Nam is located in Southeast Asia, and has 63 cities
and provinces. Vietnam’s population reached about 95
million in 2017 (WB, 2018). Vietnam’s mainland stretches
from 23°23’ to 08°02' north latitude and widens from
102°08' to 109°28' east longitude. Vietnam's total land area
is approximately 329,314 square kilometres and its coast
line is approximately 3,200 kilometres (UN, 2018). Viet Nam
is extremely vulnerable to climate change impacts given its
extensive coastline and river deltas (ADB, 2015).
Approximately 28% of Viet Nam'’s total land area is suitable
for agriculture, although there are significant variations by
region, with the highest production capacity in lowland
areas. The agriculture sector is dominated by rice
production, which comprises approximately 75% of total
national crop production value (ADB, 2015). The two large
deltas which contribute importantly to the national food
production of Vietnam are The Red Delta in the north and
Mekong Delta in the south. The Mekong Delta, with more
than 16 million people representing 22% of the national
population, is extremely important for national agriculture,
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producing half of the national food requirements and 60%
of the exported aquaculture goods (Kakénen, 2008).
Vietnam is one of the countries most affected by natural
disasters and climate change, especially storms, floods,
droughts and saline intrusion. Annually, natural disasters
kill over 300 people, with economic losses ranging from 1-
1.5% of GDP, equivalent to nearly 1.3 billion USD (Xuan
Tuyen, 2017). The country is preparing for more severe and
adverse impacts associated with global warming and
climate change, especially rising sea levels and increasingly
frequent natural disasters. In this context, 70 percent of
Viet Nam'’s population lives in rural areas and about 60
percent of the agriculture labor forces are considered most
vulnerable (FAO, 2011). A 2017 World Bank report listed
Vietham among the five countries likely to be most
affected by climate change, in large part due to its location
and the economy’s dependence on sectors such as
agriculture (WB, 2017). This article presents typical natural
disasters, their effects on the country, governmental
solutions and people’s attitudes deal with them.

Storms

Typhoons appear to pose the biggest threat to coastal

communities in Vietnam. In particular, the northern coast is
hit by typhoons more frequently than any other part of the
country and the possibility of a large typhoon taking place
in southern Vietnam is considerably smaller than in the
northern and central parts of the country (Takagi et al.,
2014). Large scale typhoons that originate in the
Pacific, often strike the Vietnamese coast, causing
storm surges and flooding that affects hundreds
thousand of people (Thieffry, 2018). Annually, there are
on average about 12 tropical storms on the East Sea, of
which about 45 % form in the East Sea and 55 % stem from
the Pacific Ocean. About seven storms affect Vietnam
annually, five of which hit or directly affect the country’s
mainland (Schmidt-Thomé et al., 2015).
The current rainy season tends to end later than before
and many typhoons show signs of moving southwards in
recent years (IMHEN and UNDP, 2015). Normally, in the
East Sea, there are only about 10 to 11 storms operating
each year (Nhan Dan, 2017). In 1964, the meteorological
industry recorded 16 storms and tropical depressions
operating in the East Sea. But at that time, records did not
distinguish between storm and tropical depression, and
referred to all as storms. In 2017, a record number of 16
storms and 6 tropical depressions were recorded (Nhan
Dan, 2017).

One of the most devastating storms in Vietnam was
typhoon Linda (a very violent tropical storm). It occurred in
November 1997. It landed mainly in Ca Mau and Kien
Giang provinces - two provinces in the Mekong Delta,
causing severe damage to people and property with over
3,000 dead or missing, and over 3,600 fishing boats sunk or
damaged (OCCA, 2018). Linda was considered to be the
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worst storm to hit Vietnham the last century, and its
consequences were compounded by the storm landing at
high tide in a place where there was little experience with
typhoons and few means to communicate to fishermen at
sea (McElwee et al., 2010). Despite fewer human losses
compared to typhoon Linda in 1997, another typhoon,
Ketsana, which hit the central region of Vietnam in 2009,
caused severe flooding and extensive property damage,
with nearly 20,000 homes collapsed or swept away
completely. Over 165,000 houses sustained damaged
roofs, about 120,000 houses were submerged, and 50,000
ha of rice and crops were lost. Nearly 13,000 clinics
communal people's committees, schools and public

buildings were damaged. Important transit routes were
cut off in many places and the electrical grid system was
also badly damaged in many areas (OCCA, 2017).
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Figure 1: Locations of cyclones in Vietham and human loss
(AHA Center and JICA, 2015)

Another devastating typhoon which swept through the
Central and South-East region of Vietnam on 4th November
2017 was Typhoon Damrey. With wind speeds of up to 135
kilometres per hour, it caused massive damage to people,
agriculture, aquaculture, infrastructure and housing. More
than 4.33 million of people were affected with over 100
people killed. More than 130,000 houses were destroyed and
several thousand hectares of agricultural land was damaged.
The typhoon also caused widespread damage to roads, water
and electricity infrastructure (Thieffry, 2018). In summary, it has
been estimated that up to 80-90% of Vietnam’s population is
affected by typhoons (AHA Center and JICA, 2015). Locations
of cyclones are showed in the Figure 1.

Floods

The high flood risk in Vietnam is due to its tropical
monsoon climate and dense river systems (Chau et al.,
2014). Depending on the climate (monsoon) regime and
the geographic zones, floods in Vietnam occur at different
times of the year. For the northern part of Vietnam, the
flood season is mainly from April to October. In the central
coastal part and the highlands, floods predominantly occur
between July and November. In the southern part of
Vietnam, flood season occurs in the period between July
and the end of November (Chinh et al., 2016).

The country experiences both riverine and coastal
flooding, due to its topography and socio-economic
concentration. Vietnam's coastline is 3,200 kilometres long
and 70 percent of its population lives in coastal areas and
low-lying deltas (Bangalore et al, 2015). In the Mekong
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Delta, most of the deltaic plain is less than 5m above sea
level, so during the rainy season a large area of the delta is
inundated (Fujihara et al, 2016). The major causes of
floods in the Mekong Delta are heavy rainfall in upstream
catchments, flood discharges from upstream hydroelectric
dams, deforestation, improper planning of irrigation canal
and dykes, and urban development etc, (IMHEN and
UNDP, 2015).

Vietnam has been extensively impacted by flooding
over the years, sustaining heavy losses in human life and
damage to housing, agriculture, and transportation. Floods
have had severe impacts on communities in Vietnam with
at least 14,927 deaths and economic damage equivalent to
1% of GDP between 1989 and 2015 (Luu et al., 2018). The
following are the damages caused by the effects of typical
floods that have occurred in different regions of Vietnam in
recent years.

In the Mekong Delta, the flood in 2000 was a historic

flood, equivalent to the floods in 1961 and 1978. This flood
affected 5 million people, with 448 deaths, estimated
damage of about 285 million USD. Another severe flood
occurred in 2001, killing 539 people, injuring 219 people,
with millions affected. It caused damage estimated at
about 300 million USD (IMHEN and UNDP, 2015).
In the Central region of Vietnam, the flood which occurred
in 1999 was in the most catastrophic ever recorded for this
area, causing 718 deaths. Damage was estimated at about
300 million USD, causing severe long-term social and
economic consequences in the central provinces (IMHEN
and UNDP, 2015)

The flood that occurred on 6-7 October 2009 in the
North of Vietnam was considered the largest in recent
decades, causing loss of life (51 dead and 14 missing) and
property (60,000 houses were submerged in water, 6,000
houses were collapsed, 25,000 hectares of rice and 95,000
hectares of crops were damaged) (OCCA, 2017).

Droughts and salinity intrusion

Vietnam is one of the most drought-prone countries in
the East Asia and Pacific region, with both drought and
saltwater intrusion occurring often in recent vyears.
Drought and associated saltwater intrusion of 2015-2016
severely affected 18 provinces in Vietnam as shown in the
Figure 2, resulting in direct economic losses of VND 15,032
billion (about 674 million USD), representing 0.35 percent
of national GDP and resulting in negative agricultural
growth for the first time in decades (WB, 2017).
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Figure 2: Provinces affected by drought and saltwater
intrusion (World Bank, 2017)

There are two seasons, dry season (November-April)
and rainy season (May- October). Drought, including
monthly and seasonal drought, seems to have varying
patterns among different climate regions. Hot and sunny
weather has shown signs of increasing dramatically in
various regions in the country, particularly in the North
Central and in southern regions (Schmidt-Thomé et al,
2015).

In the Mekong Delta, most of the deltaic plain is less
than 5m above sea level, so the coastal area is affected by
saltwater intrusion during the dry season (Fujihara et al,,
2016). The rainy season in 2015 was late but it ended early,
and the total rainfall was low compared to the average for
many years. Meanwhile, in the early months of 2016, the
water flow from Mekong River declined and the most
severe saline intrusion ever recorded occurred in the
Mekong Delta (on the Vam Co River, saline intrusion
extended upstream for up to 93 km, and in other estuaries
for up to 50 to 70 km), (MARD, 2016a). Due to the impact of
saline intrusion, many economic sectors and people's lives
in 10 of 13 provinces and cities in the region (Long An, Tien
Giang, Ben Tre, Tra Vinh, Soc Trang, Bac Lieu, Kien Giang,
Ca Mau, Hau Giang and Vinh Long) were severely affected
(Figure 3)
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Figure 3: Saltwater intrusion in the Mekong Delta until
March 2016 (MARD, 2016)

Saline intrusion has also affected the availability of
freshwater for domestic consumption and agricultural use,
especially in many parts of Ca Mau, Kien Giang, Ben Tre, Tra
Vinh, and Soc Trang which rely on groundwater for these
purposes. There are about 208,394 households (about
800,000 people) with water shortage and many schools,
clinics, hotels, factories affected by droughts and saline
intrusion (MARD, 2016b).

Landslides

Landslides are common in northern and central areas,
especially in Lao Cai and Bac Kan provinces. A landslide in
Lao Cai province in 2004 killed 22 people and injured 16.
Another landslide in Pac Nam commune, Bac Kan province
in 2009 resulted in 13 people dead or missing and 5
injured (CCDPC, 2014).

Landslides also occur in the Mekong Delta, where
serious riverbank and coastal erosion occurs in 13
provinces and cities in the Mekong Delta, the most serious
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being in Vinh Long, An Giang, Dong Thap, Ca Mau, Bac
Lieu. On average riverbank and coastal erosion are
responsible for the loss of about 500 ha annually and
directly threaten the lives and property of people. The
whole area has 562 landslide areas with a total length of
786 km, of which 42 areas with a total length of 148 km are
particularly dangerous, and require careful management
to ensure the safety of the lives and property of the people
and the State (MONRE, 2018). One of the reasons for the
accelerating rate of riverbank erosion in some areas is sand
mining (Takagi et al, 2014), carried out to meet the
growing demand for construction materials.

Effects of the natural disasters

In recent years, Vietnam has suffered from many types
of natural disasters, with high intensity, wide scope and
more severe consequences, causing serious damage to
people and property. As examples, human and economic
losses from natural disasters for the period 2011-2017 are
shown in Figure 4. In 2017 alone, natural disasters left 386
dead or missing and 664 injured. Total damage in the same
year was estimated at more than 2.6 billion USD
(equivalent to more than 60 trillion VND).
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Figure 4: Numbers of dead, missing and injured and
economic loss from 2011 to 2017 by the natural disasters
(Nhan Dan, 2017)

Over the past two decades, natural disasters in Vietham
have caused more than 13,000 deaths as well as property
damage in excess of 6.4 billion USD (WB, 2017). According
to Hoai (2017), in 2017 alone natural disasters caused more
than 8,666 houses to collapse or be washed away. Over
588,139 houses were flooded and damaged, while 363,502
ha of rice and crops, 169,640 hectares of industrial crops
and fruit trees, and 143,438 hectares of forest were
destroyed or damaged. The natural disasters also caused
the death of 69,757 livestock and 2 million poultry, 41,375
fish cages and 60,392 ha of aquaculture area were
damaged, and 3,682 boats were sunk or destroyed at their
moorings. In addition, the natural disasters caused
landslides along about 1,145 km of dykes, embankments,
ditches, river banks and 1,586 km of roads (Hoai, 2017).

Governmental solutions and people’s attitudes deal
with the natural disasters.

Natural disasters are becoming increasingly complex
and unpredictable, in terms of both intensity and
frequency of occurrence. In 2013, the National Assembly
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passed the Law on Natural Disaster Prevention and Control
as a basis for Ministries and localities to implement
effective measures for natural disaster prevention and
control. The Government always attaches great
importance to the prevention, mitigation and overcoming
of consequences caused by natural disasters. Considering
prevention is the responsibility of the State, organizations
and individuals, in whom the State plays the leading role,
organizations and individuals take action actively and
community help each other. The Government has issued
decisions, programs and established agencies to advise
the Government on the control and mitigation of
consequences after natural disasters. On July 4, 2014, the
Government issued Decree No. 66/2014 / ND-CP detailing
and guiding the implementation of a number of articles of
the Law on Natural Disaster Prevention and Control. Two
years later on 17" March, 2015, the Prime Minister signed
the Decision No. 367/QDb-TTg establishing the Central
Steering Committee for Natural Disaster Prevention and
Control which coordinates the inter-sectoral assistance to
the Government and the Prime Minister in organizing,
directing and managing the prevention, response and
overcoming of the consequences of natural disasters in the
whole country. On 3™ July, 2017, the Prime Minister
decided to establish the General Department of Disaster
Prevention under the Ministry of Agriculture and Rural
Development to advise the Ministry of Agriculture and
Rural Development, the Steering Committee Disaster
preparedness for disaster prevention more effectively. The
Government and the Central Steering Committee for
Natural Disaster Prevention and Control always promptly
take part in organizing and directing the response before
and after the storm, promptly inform people about the
level of danger of storms and support the overcoming of
consequences. In addition, National Centre for Hydro-
Meteorological Forecasting (NCHMF), a governmental
organization belonging to Vietnam Meteorological
Hydrological Administration, was established under
Decision 696/QD-BTNMT on March 8, 2018 of the Ministry
of Natural Resources and Environment with authority to
issue forecasting/warning information for weather,
climate, hydrology, water resource, marine weather (i.e.
hydro-meteorology) for all provinces, and areas in Vietnam
(Figure 5).

Figure 5: Weather forecast map for all areas in Vietnam.
(NCHMF, 2018)

People can also access to the website of NCHMF to
know warnings of natural disasters for example, typhoons
or tropical depressions which are forecasted in advance for
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10 days to have good solutions to deal with (NCHMF,
2018).

The Government also coordinates with advanced
countries on natural disaster prevention and international
organizations such as UN organizations in Viet Nam,
development partners, donors such as World Bank, Asian
Development Bank in training skills to deal with disasters
for the community, and jointly with other localities to
continuously bring information and skills to the
community in disaster prevention. To monitor and control
the landslides, to raise the capacity to cope with and to
take initiative in preventing and restricting the damage
and stabilizing people's livelihoods along the rivers and
coastal areas in the Mekong Delta, the Ministry of
Agriculture and Rural Development has reviewed,
evaluated and classified river bank erosion, coastal erosion
in the Mekong Delta, made the map of landslides. So,
people can access the website:
http://satlodbscl.phongchongthientaivnto know how
many serious landslides, the location of landslides and the
characteristics and scales of these erosion sites.

Over the years, people always take care of natural
disaster prevention to minimize damages to people and
property. However, the awareness of people in coastal
areas of Vietham on natural disasters is high but not
comprehensive. In addition, the level of preparedness of
the people is still low. People do not pay proper attention
to the dangers that directly threaten their lives (Nguyen
Danh Thao and Le Tuan Anh, 2015). In the case of
dangerous natural disasters such as typhoons, the
authorities evacuate people in the affected area to safe
places, but some households in the affected area do not
follow evacuation orders from the authorities.

Conclusions

Vietnam is severely affected by many natural disasters,
including storms, floods, droughts, saline intrusion and
landslides, which have frequent and severe impacts on
people and property, as well as serious damage to the
economy of the country. The Government has issued many
decrees, documents as well as the establishment of
functional agencies to help the government to prevent
and mitigate the consequences of natural disasters and to
help the people affected by the disasters. In addition, the
Government has also coordinated with advanced
countries and international organizations on natural
disaster prevention. People are increasingly aware of the
prevention of natural disasters, but the awareness of
natural disasters of many people who live in coastal areas
of Vietnam is not comprehensive
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VERIFICATION OF DYNAMIC RESPONSE OF A LONG-PERIOD BRIDGE SUBJECTED TO
AN EXTREME GROUND EXCITATION

ABSTRACT

In this study, for the Tsurumi Tsubasa cable-stayed
bridge in Tokyo Metropolitan Expressways, that is classified
in long-period infrastructure with first natural period of
more than about 2.0s, the dynamic characteristics were
discussed based on analysis of the seismic records by the
aftershock of the 2011 off the Pacific coast of Tohoku
earthquake.

The dynamic characteristics of natural frequencies and
vibration modes were estimated by spectral analysis of the
recorded acceleration, and modal parameters of the bridge
were also identified by using multi-degree-of-freedom-
system model consisting of super-structures, piers, and
foundations. Finally, the natural frequencies and damping
coefficients of the bridge were verified by analyzing the
transfer functions of main-girder and main tower records
with respect to the foundation record, compared with the
theoretical transfer functions.

KEYWORDS: long-period bridge, seismic record, dynamic
characteristic, the 2011 off the Pacific coast of Tohoku
earthquake
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1. Introduction

Observation records by the aftershock of the 2011 off
the Pacific coast of Tohoku Earthquake were provided in the
Tsurumi Tsubasa cable-stayed bridge in Tokyo Metropolitan
Expressways at 2:56:18 on March 13, 2011. The Tsurumi
Tsubasa Bridge is grouped in long-period infrastructure
with first natural period of more than about 2.0s, which
might be suffered by amplified dynamic response of a long-
period bridge subjected to a long-period component of
seismic ground motion. Hence, verification of dynamic
response of a long-period bridge by use of associated
observation records is substantially important in view of the
rarity of observation records in an extreme ground
excitation.

From the reason above, in this study, the dynamic
characteristics of the Tsurumi Tsubasa Bridge are verified
based on analysis for the dynamic responses by use of the
observed records while estimating vibration modes of the
bridge and comparing them with the results provided in
previous research (H.Yamaguchi et al., 1996; Y. Yamamoto,
Y. Fujino and M. Yabe; 2009).

2, Subject bridge and observation records
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The Tsurumi Tsubasa Bridge shown in Figure 1 is a
three-span cable-stayed bridge with a continuous steel box
main-girder, which crossing Tsurumi Channel of Quay
Daikoku and Ohgishima in Bayshore line of Tokyo
Metropolitan Expressways (Metropolitan Expressway Public
Corporation, 1994). Two reverse Y-shaped steel main towers
stay a reversely trapezoidal flat steel box-girder.

A tower base, that is P2 and P3, downward two thirds
from the position of a steel cross beam section at the upper
portion of P2 and P3 shows an octagonal two-emptiness
cross section of steel reinforced concrete (SRC), as well as an
edge pier of P1 and P4 of reinforced concrete (RC).

At the top of P2 and P3, vertical bearings and horizontal
ones, and two elastic restraint cables and a vane-type oil
damper are installed. At the top of P1 and P4, rocking
bearings and horizontal ones are also installed. The vertical
bearings are set free of the motion both in the longitudinal
(LG) direction and in the transverse (TR) direction. The
horizontal bearings are set free in the LG direction and in
contrast fixed in the TR direction. The rocking bearings
resist the associated vertical (UD) loads and are moveable in
the LG direction. The elastic restraint cables are adopted in
the support of the LG direction to tie a main tower and a
main-girder, and the vane-type oil dampers are installed in
the main tower base for damping improvement of the
bridge total system. The class of soil at the cross-linked
point of the bridge is classified into Type Il (medium stiff
soil) at P1 and Type Ill (soft soil) at P2, P3, and P4, which are
specified in Design Specifications for Highway Bridges by
Japan Road Association (JRA).

Associated 27 seismometers are installed in the bridge,
observing acceleration of 50 components in total and
displacement as illustrated in Figure 1. The sampling
frequency of each waveform is 100Hz and the measurement
duration is 174.50s.

Based on time-series and frequency-domain analysis for
observed data, it was found that the acceleration record
observed with the Tsurumi Tsubasa Bridge basically
contained a rich long-period component of more than 1.5s
accompanying a shorter period component of less than
1.0s. It was also found that the P3 main tower top showed
largest acceleration response of 0.28m/s> whereas the
intermediate part of the P2 main tower showed largest as
be 0.38m/s?. It is considered that the P3 main tower excited
dominantly by the typical first mode, whereas in contrast
the P2 main tower by the second vibration mode.

3. Characteristics of dynamic propertis

Figure 2 shows the frequency of a normal vibration
mode of the Tsurumi Tsubasa Bridge estimated by Fourier
spectrum analysis for the LG/TR/UD component of the
observation records in the main-girder between P3 and P4.
Compared with the results by pioneering research
(H.Yamaguchi et al., 1996; Y. Yamamoto, Y. Fujino and M.
Yabe; 2009), the peak at 0.330Hz in the Fourier spectrum of
the LG direction is estimated to be the main-girder
swinging pole mode, and the peak at 0.317Hz in the Fourier
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spectrum of the TR direction is more likely to be the first
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symmetry horizontal bending mode of the main-girder.
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Figure 2: Fourier spectra for the LG/TR/UD component of the observation records in the main-girder between P3 and P4

In addition, the main-girder vertical (UD) vibration
mode could be confirmed as the symmetric bending
primary mode of 0.226Hz and second of 0.531Hz, the
antisymmetric bending primary mode of 0.299Hz and
second of 0.610Hz, and the primary torsional mode of
0.573Hz. From these, in particular the main-girder vertical
dynamic characteristics could be accurately identified from
the observed data on unstationary seismic response of the
bridge compared with the horizontal and transverse ones.
This is caused by the lower rigidity in the plane of the main-
girder characterizing the dynamic property of the bridge
total system.

4. Estimation of vibration modes

Figure 3 shows amplitude and phase characteristics of
transfer functions computed by use of the observed data in
the LG direction, setting the waveform at the gravity center
position in the P3 foundation (CH40) as be input data and
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those at the top (CH19), the intermediate (CH21), and the
bottom (CH23) in the P3 main tower, at the main-girder on
P1 (CH1) and P3 (CH5) as output data. From these transfer
functions, the vibrational mode shapes for the P3 main
tower and P3-P4 main-girder of the Tsurumi Tsubasa Bridge
in the LG direction are estimated as shown in Figure 4
demonstrating the maximum amplitude to be normalized
as 1.0 with respect to the others.

In similar way, the transfer functions about the TR
direction of the bridge were calculated by setting the
waveform on the top in the P3 foundation (CH32) as input
and those at the top (CH20), the intermediate (CH22), and
the bottom (CH24) in the P3 main tower, and at the main-
girder between P3 and P4 (CH3) as output in particular to
draw the transverse vibration mode shapes of the P3 main
tower as shown in Figure 4. It is noted that the transfer
functions were calculated based on the time series
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waveform data with the duration of 302.08s, and smoothing
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was carried out by Parzen window of band width of 0.01Hz.
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Figure 3: Amplitude and phase characteristics of transfer functions computed by use of the observed data in the LG direction of
the bridge
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Figure 4: Estimated vibrational mode shapes for the P3 main tower and P3-P4 main-girder in the LG direction of the bridge

From these figures the primary mode in the LG
direction of the P3 main tower was estimated to be
0.969~0.971Hz, and the second mode to be 1.606~1.616Hz.
In addition, the primary mode in the TR direction of the P3
main tower was also estimated to be 0.891-0.980Hz, and the
second mode to be 1.640-1.643Hz.

In terms of the Yokohama Bay Bridge which is a cable-
stayed bridge like the Tsurumi Tsubasa Bridge, the previous
study has revealed the first antisymmetric mode and the
first symmetric one in the plane of the main tower to be
0.403Hz and 0.418Hz respectively based on the observation
records in the 1990 Izu-Ohshima Kinkai earthquake.
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Although the height of the main tower in the Yokohama
Bay Bridge is T.P.175.0m and is 8.0m lower than that in the
Tsurumi Tsubasa Bridge of T.P.183.0m, it is thought that the
rigidity in the plane of the main tower in the Yokohama Bay
Bridge is lower than that in the Tsurumi Tsubasa Bridge
since the hanging cables in the Yokohama Bay Bridge are
adopted nearly in parallel from the main tower to connect
the main-girder. Hence, it is considered to be valid that the
primary mode of the P3 main tower in the Tsurumi Tsubasa
Bridge shows the higher natural frequencies compared with
those in the Yokohama Bay Bridge.

5. Conclusions
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In this study, the dynamic characteristics of the Tsurumi
Tsubasa cable-stayed bridge as be one of typical long-
period bridges were verified based on analysis for the
dynamic responses by use of the observation records by the
aftershock of the 2011 off the Pacific coast of Tohoku
earthquake, while estimating vibration modes of the bridge
and comparing them with the results provided in previous
research (H.Yamaguchi et al., 1996; Y. Yamamoto, Y. Fujino
and M. Yabe; 2009). The Fourier spectrum analysis and the
computation of transfer functions for the LG/TR/UD
component of the observed time-series acceleration
waveforms in the P3 main tower, the P3-P4 main-girder and
the P3 foundation can be resulted as follows:

1. The acceleration waveforms recorded at the
Tsurumi Tsubasa Bridge contained a rich long-
period component of more than 1.5s
accompanying a shorter period component of
less than 1.0s.

2. As for the main-girder dynamic characteristics,
the LG dynamic motion contained the main-
girder swinging pole mode of 0.330Hz and the TR
dominant mode was the first symmetry
horizontal bending mode of 0.317Hz. The vertical
UD vibration mode was estimated as the
symmetric bending primary mode of 0.226Hz and
second of 0.531Hz, the antisymmetric bending
primary mode of 0.299Hz and second of 0.610Hz,
and the primary torsional mode of 0.573Hz.

3. The primary mode and the second one of the LG
direction of the P3 main tower were estimated to
be 0.969~0.971Hz  and 1.606~1.616Hz,
respectively. In addition, the primary mode of the
TR direction was also estimated to be 0.891-
0.980Hz, and the second mode to be 1.640-
1.643Hz.

4. These identified natural frequencies are thought
to be sufficiently valid compared with the results
by previous research above.
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NATURAL DISASTERS AND THEIR EFFECTS ON LIVELIHOODS
OF THE PEOPLE IN VINH LONG PROVINCE
CAC THAM HOA TU NHIEN VA ANH HUGNG CUA CHUNG DEN SINH KE
CUA NGUGI DAN G TiNH VINH LONG

ABSTRACT

Vinh Long is one of the provinces in the Mekong Delta
affected by natural disasters. Some of them (salinity
intrusion, droughts, floods and landslides) have greatly
affected the livelihoods of the people in the province. Field
survey, data collection and analysis of official statistics
showed that in 2017 flooding and tidal inundation affected
27.03% (24,497.27 ha) of agricultural land. Droughts also
affected about 30% of the rice land area (equivalent to
17,600 ha). Drought together with salinity intrusion from
the east entering inland caused salinity up to 5.5%co.
Cyclones also occurred with low frequency, affected about
102 hectares of crops. River bank landslide and erosion of
four major river mouths and several small branches in the
province were also revealed. Many sections of the rivers
experienced landslides of more than 2.7km in length and
erosion up to 32m.

KEYWORDS: Natural disaster, livelihood, Vinh Long province
TOMTAT

Tinh Vinh Long la mét trong s6 nhiing tinh & Déng
Bang S6ng Clu Long bi anh hudng bédi cac thién tai. Trong
s6 chung (xam nhap man, han han, 1G lut va sat 16) da anh
hudng rat nhiéu dén sinh k& ctia ngudi dan trong tinh. Bang
phuong phap thu thap khao sat thuc dia, thu thap dir liéu
va phan tich théng ké cho thdy trong nam 2017 10 lut va
triéu cudng da anh hudng dén 27.03% (24.497,27 ha) dién
tich dat néng nghiép. Han hén cling da anh hudng khoang
30% dién tich dat trong lda (tuong duong 17,600ha). Han
han cung véi su xdm nhdp man tir hudng bién déng xam
nhap vao dat lién lam cho d6 man tang lén dén 5.5%0. LGC
x0dy cling ¢ xay ra nhung vai tan suat thap, anh hudng
khodng 102 ha hoa mau. Sat 1& bG song va x6i mon cla 4
con s6ng chinh va moét vai nhanh séng nhé da dugc danh
gia. C6 nhiéu doan séng chiéu dai sat 16 ba dén hon 2.7km,
xam thuc vao dat lién c6 doan dén 32m.

TUKHOA: Thdm hoa tu nhién, Sinh ké, Tinh Vinh Long
Ha Chi Tam, PhD

Committee Division of Environment and Natural Resources,
the People Committee of Vinh Long City. 9/24, 30/4 Street,
Ward 1, Vinh Long City, Vinh Long Province

Email: hachitam78@gmail.com,
Tel: 090.9946464
Nguyen Van Tho, PhD

Department of Environment, Faculty of Urban
Infrastructure  Engineering, Mien Tay Construction
University. 20B, Pho Co Dieu Street, Ward 3, Vinh Long City,
Vinh Long Province.

Email: nguyenvantho@mtu.edu.vn.
Tel: 01262.214279

123

Ha Chi Tam and Nguyen Van Tho

1. Introduction

The Mekong Delta, one of the largest agricultural
centers in the south of Vietnam (Le Van Khoa, 2003), consists
of 13 provinces. In recent years, natural disasters such as
floods, droughts, saline intrusion, landslides, storms, etc.
have occurred in a dense frequency which severely affects
the environment, people and development in the Mekong
Delta (Mekong Delta). This is the land of the lower Mekong,
characterized by low land, soft and quite flat with a system
of dense rivers. Therefore, the Mekong Delta is vulnerable to
natural disasters.

Vinh Long is located in the Mekong Delta. It has a total
natural area of 47.82 km? (149,680.74 ha) and is divided into
08 administrative areas (01 city, 01 town and 06 districts)
(Figure 1). Flat terrain with a slope of less than 20% is
lowered from north to south, along with four major rivers
(Hau River, Tien River, Co Chien River and Mang Thit River)
which supply water for people’s economic and social
activities in the area. Annual average temperature is from
27-28°C, lowest temperature is 16.7°C and highest is 38.3°C.
The rainy season usually lasts for 7 months, from May to the
end of November. Annual average rainfall is from 1,300 to
1,600 mm. Hydrology is affected by the rainfall so the flow
rates of the rivers are often changing and complex.

o Lo

Figure 1:Vinh Long Province in the Mekong Delta

Due to the meteorological, geographical and ecological
changes, natural disasters have caused great losses to the
natural environment and livelihoods of the people in the
province. However, over the past time, the province has no
statistics on natural disasters and impact on people's
livelihoods in the province. The study "Natural disasters and
their effects on livelihoods of the people in Vinh Long
province" was conducted to: (i) survey on natural disasters
that occurred Vinh Long province and (i) to assess effects of
natural disasters on people's livelihood.

2. Research methodology

Data and information about natural conditions,
geographic location, hydrological regime and natural
disasters were collected from the Department Resources
and Environment of Vinh Long Province. Data on land use,
agricultural production, crop calendar and natural disasters
and damages caused by natural disasters were collected
from the Department of Agriculture and Rural Development,
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Steering Committee for Natural Disaster Prevention and
Search and Rescue in Vinh Long Province.

Field survey was conducted in areas affected by natural
disasters to collect date related to socio-economic damage.
Local government officials and people affected by natural
disasters were also interviewed to assess the impact of
natural disasters. Salinity, and submerged depth during
inundation were also measured.

The MIKE-GIS model was carried out and a spatial map
that shows the locations and extent of saltwater intrusion of
areas submerged was formed. Data collected was
aggregated, coded and analyzed using the Microsoft Excel
and presented through tables and charts.

3. Results and discussion
3.1. Natural disaster statistics and frequency of
occurrence

From the reports in the last 10 years showed that natural
disasters occurred in Vinh Long Province included
inundation, drought, saline intrusion, river bank erosion,
thunderstorms and cyclones. Among them, drought and
flooding occurred annually with 1 - 2 times per year and the
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the largest length was up to 2.700m. The largest width of
erosion into the mainland was 32m and the largest depth
up to 12m. Thunderstorms, storms and cyclone were
occurred at least 4 times per year (2009), at most 16 times
per year (2017); and the total number in the past 10 years
was 98 times.

3.2.Impact assessment by natural disaster
3.2.1. Riverbank erosion

River erosion caused damage to property (such as loss
of residential land, ruining houses, crops, and the damaged
riverine routes caused to disrupting travel and freight) and
risk to harm to human's life. The statistical results from 2007
to 2017 showed that there were 1094 houses affected by
riverbank erosion, in which there were more than 59 houses
where residents were forced to move to another place; the
total damage was estimated over 31.5 billion Vietnam Dong
(VND) (Table 2). The cause was mainly determined by the
effect of flow, the natural vortex, the topography of the
meandering river, and human impact (such as river sand
mining, riverbed dredging, and dam construction...).

Table 2: The statistics on damage caused by riverbank
erosion during 2007 - 2017

time lasting several months. Riverbank erosion,
thunderstorms, storms and cyclone were deFermlned as The damage caused by riverbank erosion
unexpected and the occurred frequency listed in Table 1.
Table 1: Statistical frequency of natural disasters Y The number of The number of Estimated
caused by riverbank erosion, thunderstorms and ears the affected . damage
the displaced t
tornadoes houses and amoun
. houses
facilities (million VND)
The occurred frequency of disaster natural
(counts) 2007 11 2 1.000,00
Years
. . Thunderstorms, 2008 1 3 475,00
Riverbank erosion
storms and cyclone
2009 20 10 15,00
2007 5 7
2010 8 - -
2008 4 10
2011 1 - -
2009 - 4
2012 26 7 12,00
2010 3 6
2013 7 3 56,00
2011 4 10
2014 24 - -
2012 9 10
2015 22 - -
2013 10 15
2016 105 - 12.347,91
2014 6 5
2017 859 34 17.665,54
2015 39 5
Total 1.094 59 31.571,45
2016 110 10
(Source: Department of Agriculture and Rural Development of
2017 125 16 Vinh Long province, 2007 - 2017)
Total 315 08 3.2.2. Thunderstorms, storms and cyclone

(Source: Department of Agriculture and Rural Development of
Vinh Long province, 2007 - 2017)

Note: “-"Data not yet available

Table 1 showed that the riverbank erosion disaster
increased every year and occurred with more than 300
times in the past 10 years. Besides that, the total length of
riverbank erosion measured more than 31.396m, in which
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Vinh Long province was less directly affected by storms,
but was often affected by the fringe storm and tropical
depressions, thunderstorms and cyclone. The statistical
results by Flood Prevention Board in Vinh Long province
showed that thunderstorms, storms and cyclone caused
damage to houses, facilities and the life of the people. From
2007 to 2017 years, there were more than 3.000 houses
collapsed, lost roofs and fire; killed 11 people and injured 14
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people; the total damage was estimated at over 31 billion
VND (Table 3).

Table 3: The statistics on damage caused by
thunderstorms, storms and cyclone

Damage by tropical depressions, thunderstorms, storms
and cyclone

Years The ::‘r‘\:::r of The The E(S’t;::tgeed

collapsed, lost number nlfn?ber amount

roofs and fire of dead | of injured (million VND)
2007 363 2 - 1.335,00
2008 80 1 4 1.081,00
2009 13 4 1 1.569,00
2010 80 2 - 1.301,00
2011 345 1 2 2.664,00
2012 835 1 6 9.698,00
2013 210 - - 3.147,50
2014 185 - - 1.946,00
2015 140 - - 1.488,35
2016 297 - - 3.086,80
2017 363 - 1 3.969,80
Total 3.011 11 14 31.286,45

3.2.3. Floods

Vinh Long province was located in the area that affected
by floods and tides of the Mekong River. Floods began to
appear when water from rivers raised and affected the area of
Vinh Long province. Flood comes from the upstream water of
the Mekong Delta river systems that flow down through the
Tien and Hau rivers and the northern part of the Vinh Long
province area. Annual, flooding was usually occurred in mid-
August, culminating in late September and mid-October.

Inundation often occurs when floods combine with
high tides that have affected some land areas of Vinh Long
province. This is due to the flat topography and low-lying
areas, multiple and complex from the flow systems, some
poor drainage areas. Inundation was assessed through the
annual water level measurements on large rivers and the
inundated locations that were shown on the map from
survey data.

The annual water level measurements were done at two
stations (Cho Lach and Can Tho) on two large rivers of
Mekong river that flowing through Vinh Long province. The
results showed that the average water level at stations
increased to 0.93 cm per year (Figure 2). In 2017, the
measured water level was higher than the average for many
years 0.20 - 0.40 m. Results proved that the water level in the
rivers has been increasingly rising in the stage of 1978 to
2017. The results were similar to previous research by the
Irrigation Science Institute of Vietnam, besides that, the
cause is determined by climate change and causing the
water level rise (Pham Thi Huyen Trang, 2016).
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Figure 2: Water level trends at the monitoring stations
(a) Can Tho station, (b) Cho Lach station

Through MIKE 11 - GIS calculation model, the results
were described the inundated areas map in Vinh Long
province (Figure 3). It was showed that the inundated areas
mainly occurred in Vinh Long city, Binh Tan and Binh Minh
districts with the inundated areas up over 1m, the
remaining districts inundated with average 0.1 - 1Tm.

[HUTaT
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Figure 3: Maps of the inundated depth calculation in 2016
(a) When the highest tide and (b) inundated rice paddy land

In the recent years, many roads, houses, buildings and
farmland have been inundated by flood and tides which
affected to the livelihood of people in Vinh Long province.
The inundated depth was determined to be about 15 -50cm
(Department of Natural Resources and Environment of Vinh
Long province, 2015).

In the inundated depth maps (Figure 3) showed that
many areas were inundated. Specially, the Vinh Long city
area most cared because this is an urban area with the
densely populated place. The remaining inundated areas
were located near canals and rural areas. The statictical
results indicated that the agricutural land group was most
affected with inundated land area accounting about 27.03 %
(the inundated area about 24.497,27 ha); the estimated
damage about 1 - 5 billion VND/ha; The area of industrial
land, house and office building were inundated about 24.76%
(about 8.769,29 ha). Specific data on the inundation land
area of each district in Vinh Long province was presented in
the Table 4.

3.2.4. Drought

Annual, droughts occurred at Vinh Long province
during the low tide period from January to April every year.
The drought has affected people living in high terrain areas,
areas without water. In the past, natural disasters due to the
occurred drought have not been adequately considered. In
the past, natural disasters due to the occurred drought were
less considered, therefore, the statistical data related to the
impact level of the livelihood was little unrecorded. The
affected areas by droughts were often agricultural land
areas. The statistical results in the recent years were done on
the damaged rice area which was shown in Figure 4.
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The affected rice area (ha)

Years

Figure 4: The affected rice area by drought

Figure 4 showed that the affected rice area by drought
was increased from 2010 to 2016. However, due to a severe
drought occurred in 2016 the affected rice area was
increased. In 2016, there were 1,884 hectares of plants died
due to lack of water, the estimated damage nearly 300
billion VND; In which, three districts were most damaged as
Vung Liem, Mang Thit, and Tra On. The occurred drought in
2016 with two causes were identified as (1) The impact of
the EI Nino phenomenon causes severe sunshine, the lowly
rainfall and the rainy season ended sooner than every year;
and (2) The amount of water from upstream of the Mekong
River flowing through the rivers of Vinh Long was sharply
reduced. This is due to the hydropower dam systems that
built on the mainstream of Mekong River. In addition, the
upstream countries of the Mekong River have increased
using water due to forming new agricultural lands,
establishing industrial clusters along the Mekong River.

3.2.5. Salinization

Salinization occurred during the period of the appeared
drought in combination with the low tide, the saltwater
intrusion deep into the mainland. The salinity on Co Chien
river was monitored at Vung Liem station, the results
showed many fluctuations and increased over 10 years
observation with the measured salinity from 1.6°/, up to
5.5%00 (Figure 5).

The salinity at Vung Liem station

6

~ ~ ey
IR
S

Figure 5: The salinity at Vung Liem station

Table 4: The inundation land area of each district in Vinh Long province

Bl.nh Binh Tan Long Ho Mang Tam Binh Vlnh. TraOn meg Total
Minh Long city Liem
The total area of
the agriculture 5.528,22 10.631,30 10.345,09 8.999,07 18.902,81 1.700,10 16.524,84 | 17.991,59 | 90.623,04
land (ha)
The inundated
agriculture land 2.345,22 2.165,89 3.866,65 2.117,27 3.174,92 685,29 2.815,55 7.326,50 | 24.497,27
area (ha)
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Binh . Mang . Vinh Vung
Minh Binh Tan Long Ho Thit Tam Binh Long city TraOn Liem Total
The inundated 42,42 20,37 37,38 23,53 16,80 40,31 17,04 40,72 27,03
ratio (%)
The total area of
industrial land, | 50 00 |5 39490 545856 | 35784 | 669232 | 177739 | 627385 | 7.14996 | 3541854
house and office
building (ha)
The inundated
area of industrial
land, houseand | 908,39 437,55 1829,79 807,18 1151,63 986,51 954,23 169401 | 876929
office building
(ha)
The inundated 43,38 18,28 33,52 22,56 17,21 55,50 15,21 23,69 24,76
ratio (%)

The salinity distribution maps of Vinh Long province
were constructed by using the GIS tool in combination with
the MIKE 11 model from the highest salinity data of 2007,
2010, 2013 and 2016 years (Figure 6). As the results
indicated that the salinity has changed in overtime and
invaded deep into the mainland in Vinh Long province. The
highest salinity in Vinh Long up to 8%o in 2016 on Co Chien
river. The trend of salinity in Tien River was higher than Hau
River. The salinity 1 %o covered almost all of Vung Liem
district and a small part of Mang Thit district. The boundary
salty 0.5 %0 on Co Chien and Song Hau rivers measured at
the boundary of My Phuoc commune, Mang Thit district
and Vinh Long - Tra Vinh boundary, respectively.

Figure 6: Highest salinity in years at main river branches in
Vinh Long Province (a) 2007, (b) 2010, (c) 2013 and (d) 2016

Increased salinity affected the local people's water
supply and agricultural production. Salty water intruding
into the agricultural areas caused the flowering of crops
failured and death of the young plants. As a consequence,
the acreage of the arable land was reduced and the yield of
the crop was decreased. According to the survey results and
statistics showed that in 2016 there were 23,179.63
hectares of rice land affected by saline intrusion, estimated
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losses of more than 250 billion VND. The results of the
interviews showed that the rice crop was mainly damaged
in the period of waiting for harvest. In addition, prolonged
salinity intrusion also affected the crop calendar of the next
crop due to not enough fresh water source to irrigate crop.
Causes were determined by the salty water coming soon,
the decreased fresh water from the upstream, prolonged
hot weather.

4, Conclusions

Main natural disasters in Vinh Long province were
floods, droughts, storms, saline intrusion, and river bank
erosion. The results showed that over the past 10 years,
there were more than 300 cases of river bank erosion (in
which the most in 2017 up to 125 cases). Some areas
landslide occurred more than 2.7km, erosion into the inland
more than 32m in length and up to 12m in depth. There
were 98 cyclones and storms occurring at least 4 times a
year. Floods occurred during the three months of the year
(August - October each year), with the highest flooding
level over 1m. Droughts also occurred from January to April
every year, resulting in the salinity intrusion entering inland
with the highest salinity determined to be over 5.5%o.
Statistics showed that the natural disasters caused a great
damage, affecting people's livelihood, health, farming land
and property.
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EFFECTS OF OVERBURDEN LOADS ON LIQUEFACTION-INDUCED SETTLEMENTS WITH
SAND BOILING

ABSTRACT

Effect of overburden loads on the amount of
settlements associated with sand boiling is investigated with
model testing. Loose saturated sand deposit is made in a
transparent acrylic cylinder and torsional shaking is given to
reproduce liquefaction. To mimic non-liquefiable layer on
top of the liquefiable layer, an aluminum circular plate whose
diameter is slightly smaller than the inner diameter of the
cylinder is placed on the model ground surface. Boiled sand
through the gap between the side wall of the cylinder and
the plate was monitored from the side, and 4 excess pore
pressure transducers recorded transient variations of the
water pressure, and 1 laser displacement sensor measured
the settlement of the plate. The overburden loads is varied
by attaching an extra-mass on the rod connected with the
aluminum container. Major findings include; 1) The amount
of settlements sharply increases when the boiled sands are
piled up on the surface of the non-liquefiable layer. 2) The
amount of settlement is largely influenced by the
overburden loads when sand boiling is manifested. 3) Width
of the gap through which boiled sand is passing has less
influence on the amount of settlement.

KEYWORDS: liquefaction, sand boiling, settlements, physical
modeling
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1. Introduction

Sand boiling or sands ejected from the ground has been
recognized as a clear evidence of liquefaction occurrence
(e.g., Seed and Idriss, 1967; Bardet and Kapuskar 1991,
Wakamatsu, 2011; Ishihara, 2012; Yasuda et al., 2012).1n 2010
and 2011 Canterbury, New Zealand, earthquake, huge
amount of liquefied soil, which was naturally deposited, was
ejected in the area along the Avon river (Cubrinovski and
Green, 2010, Cubrinovski, et al, 2012). It had not been
anticipated that such a huge amount of soil could be ejected
and that caused relocation of residents from the area. In the
2011 Off the Pacific Coast of Tohoku, Japan, Earthquake,
Urayasu, Chiba Pref., suffered similar sand ejecta of reclaimed
soil (Yasuda et al., 2012; Ishihara, 2012).

The amount of ejected soil or the way of sand boiling
may be inferring some basic and important information of
the ground shaking and properties of the ground. However,
it has been so far used merely as an evidence of liquefaction.
Numata et al. (1999) conducted detailed study on the trench
where liquefaction occurred and found that liquefied soils
were sorted by their diameter or weight before ejecting from
the ground. Numata and Someya (2004) accessed the effect
of the sorting in model tests. Yamaguchi et al (2008) studied
pattern of sand boiling and developed a method to evaluate

128

Tetsuo Tobita and Yuya Yoshimura

the thickness of a liquefied layer. They reported that the
porewater was trapped between liquefied and non-
liquefiable layer. There are numbers of studies which
investigated mechanism of sand boiling (e.g., Wibawa et al.
1990; Okawa, 1997; Yamaguchi et al., 2008ab; Ishikawa and
Yasuda, 2012). However, there are seldom researches which
studied a relationship between the amount of settlements
and sand boiling. Through physical model testing, effect of
overburden stress on the amount of settlements associated
with sand boiling is investigated quantitatively.

2. Model testing for sand boiling

Mechanism of settlements associated with sand boiling
was investigated through a series of the model testing. Loose
saturated sand deposit was made in a transparent acrylic

cylinder (Table 1 and Fig. 1). Toyoura sand (G.=2.66, p

ama=1.638 g/cm?, pamin=1.329 g/cm?3) of 24.1 kg was poured

into the cylinder. Then by boiling method the height of the
surface of the model ground was adjusted at 950 mm from
the bottom to obtain the relative density of Dr=40%.

Torsional shaking along the vertical center axis of the
cylinder was given by an electrical motor to reproduce
liquefaction, whose rotation angle was about +/- 0.5 degrees
under 50 Hz. Duration of the input motion was about 2
seconds with which, as shown later, complete liquefaction
was realized. Note that shear stress and strain thus induced
might vary radially. However, it may be reasonable to assume
that those effect may vanish after complete liquefaction.

To mimic the existence of a non-liquefiable layer on top
of the liquefiable layer, an aluminum circular plate (called
“loading plate” in Fig. 2) whose dimensions are givenin Table
1, was placed on the surface of model ground. To make
liquefied sand boil through the gap between the side wall of
the cylinder and the plate, a diameter of the plate (144 or 146
mm) was made slightly smaller than the inner diameter of
the cylinder (150 mm). Through this gap (3 mm or 2mm),
liquefied sand could be ejected. The plate was equipped
with a sidewall (Fig. 2) to catch the boiled sands. The
elevation of the sidewall of the plate was varied (20 or 40
mm) to see the buoyancy effect of the plate on the
settlement due to sand boiling. Overburden stress is given
by attaching an extra-mass (100 or 250 g) on the rod
connected with the plate whose self-weight is 500 g.
Inclination of the plate from horizontal ground surface was
restricted by limiting the horizontal movement of the rod
with a lid attached on top of the cylinder (Figs. 1 and 2).

Two accelerometers on the base plate were attached in
either radial or tangential directions. Three pore pressure
transducers were installed on the side wall of the cylinder
with 400 mm intervals (Fig. 1). Another pore pressure
transducer was installed at the bottom of the plate to
measure excess pore water pressure just beneath the plate
where squeezed pore water from the liquefied and then
consolidated ground may be trapped. One laser
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displacement transducer is installed for measuring the
settlement of the plate (Fig. 1). Also, to visually monitor the
process of settlements with sand boiling, video image was
recorded from the side of the cylinder.

Table 1: Dimensions of testing equipment and model sand
deposit.

Parameter Unit Value
Acrylic Inner diameter mm 150
cylinder Length mm 1,400

Depth of the sand deposit mm 950

. Diameter mm 144 /146
A“:)'l‘;'::m Elevation of sidewall mm 20740
Self weight af 500
Added weight af 0/100/ 250
170 (mm)
[ E——
r_159_,
|
o

1
Loading !
plate :
1
1
_ 1 I
b 1
150 | |+ P4,
T HPL 1

: : 1400
400/ |1 1
1 1
tHp2 !
'Saturated:
, sand
400| |, |
1 1

1 A2I A1

~*hesm |\ 'm

Base plate

Figure 1: Schematics of an acrylic cylindrical container for
sand boiling test

Figure 2: View of an aluminum plate with 100 gf of additional
weight and a lid to cover the cylinder.

Figure 3 explains how each test case can be identified by
the given case ID. For example, as shown in Fig. 3, the case
“PT20-146-WL20.250" uses the plate whose sidewall height
is 20 mm, diameter is 146 mm, the gorund water level is
20mm from the surface of the sand, and added mass is 250g.

Time histrories of the excess pore water pressure ratio of
with/without the loaing plate (Fig. 4) clearly show that whole
sand deposit is liquefied, i.e., all the excess pore water
pressures measured by P1, P2 and P3 reach r.=1.
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Figure 4: Time histrories of the excess pore water pressure
ratio: (a) without a loaing plate, (b) with the loading plate;
PT20-146-WL20.250.

3. Test results

By varying above mentioned parameters on testing,
total 70 tests were conducted. Figure 5 depicts an example
of sand boiling and settlements of the plate for the case of
PT20-146-WL20.250. After a brief interval from the shaking,
sand surface started to rise in the gap with minor settlement
of the plate (Fig. 5b). The settlement of the plate was
accelerated with the ejected sand flown into the plate, which
gave an additional mass to the plate (Fig. 5¢).

PT20-146-WL0.0-D
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- i ;,m [

3
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=
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(c)Accelerated settlement

(b) After shaking

(a) During shaking
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Figure 5: Trandision of boiled sand and the loading plate:
PT20-146-WL20.250.

Figure 6 shows time histories of the settlement of the
plate for the cases of various overburden loads (500, 600, and
750 g). In Fig. 6, the case with no plate (PT0-0-WLO0.0) is
plotted as a solid marker for which continuous measurement
of settlement was not made. The largest settlement of about
130 mm is observed for the case of the heaviest case (initial
total overburden mass: 750 g), which is more than 4 times of
settlement than that of the case of without a plate. Figure 6
indicates that the amount of residual settlement is in
proportion to the initial overburden loads.

Also, in Fig. 6, the speed of settlement increases after a
brief interval from the shaking. That timing is indicated by
up-pointing arrows in Fig. 6. From the video images, they
correspond to the timing when the ejected sand flew into
the plate. That is, heavier the overburden mass is, faster the
sand boiling occurs. Fig. 6 also indicates that the rate of
settlement after sand boiling (slope of the curves after the
arrows in Fig. 6) is slightly larger for the cases of a larger
overburden mass. Hence, the ground settlements are largely
influenced by the overburden loads due to a non-liquefiable
layer when the sand boiling is manifested.

Time {s)
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Figure 6: Time histories of ground settlements for no plate
(0 N/m?) (PT0-0-WLO), with the plate of 500 g (301 N/m?)
only, with the plate and addtional weight of 100 g (361
N/m?) and with the plate and additional weight of 250 g
(452 N/m2).

Figure 7 shows variation of residual settlements versus the
initial overburden mass for the use of the plates of different
diameters and sidewall elevation. Here, in Fig. 7, the initial
water depth is undistinguishing. As expected, the residual
settlement increases with the total initial overburden mass.
Compared the settlements of PT20-146 with those of PT20-
144, average settlements of the plate are nearly identical.
When the elevation of the sidewall is larger, PT40-146, the
settlement is reduced about 30% on average from the cases
of PT20-146. This might be due to a larger buoyancy of the
plate which reduced the overburden loads. Also, the high
sidewall might hinder inflow of the boild sands in the plate.

4, Conclusions

A series of dynamic model testing to study the influence
of overburden loads on the amount of settlements due to
the boiled sand of liquefied soil was conducted. The model
ground was constructed in an acrylic cylinder of the inner
diameter of 150 mm. Loosely saturated model ground
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(Dr=40%) with Toyoura sand was made by the boiling
method. Sand boiling was replicated from the gap between
the side wall of the cylinder and the plate placed on top of
the model ground surface to mimic non-liquefiable layer.
Dynamic motion was given in the torsional direction along
the center axis of the cylinder with +/- 0.5 deg. of 50Hz. Major
findings are;

1. The amount of settlements sharply increases when
the boiled sands are piled up on the surface of the
non-liquefiable layer.

2. The amount of settlement is largely influenced by
the overburden loads when sand boiling is
manifested.

3. Width of the gap through which boiled sand is
passing has less influence on the amount of
settlement.

Fundamental data to predict the amount of settlement due
to sand boiling was obtained through the small-scale model
testing. Next step may be to construct analytical procedure
for predicting the amount of boiled sand and associated
settlements.

Initial total overburden mass (g)

450 500 550 600 650 700 750 800
10 X , , , X ,
50 | o PT20-146
60 4 PT40-146 PT20-144
: \ PT40-146
g 70 .
Y 80 1 .-
S 90 - . -
£ ‘e
8100 8 o
8110 | » A
«» 110 PT20-146 / E
120 PT20-144
130 4
140

Figure 7: Initial overburden mass versus settelement of the
plate.
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Evaluation of The Joint Characteristics Distribution in The Exploratory Adit
Déanh Gia Su Phan B6 Khe Nut Trong Ham Ngang Khao Sat

ABSTRACT

Dong Nai 4-2 exploratory adit is one in four exploratory
adits for Dong Nai 4 hydropower dam, 80m length, 2m
diameter, and 140° direction. In exploratory adit, the joints
are complex and most of the joint spacing is less than 0,6m.
Most of the joint roughness is smooth, but the joint
separation is small causing the infilling such as sandy silt,
calcite, and quartz that control entirely the shear strength of
the joint, that obstructs collapse of the exploratory adit.
However, from these characteristics don't yet accurately
assess the stability of exploratory adit, it also depends on an
important factor that is the orientation of joints in the
exploratory adit. Therefore, in order to evaluate the stability
of the exploratory adit, the paper used rose diagram and
steronet method to statistic the joints, that easily find out
the main development and the pole density of the joints.
Therefrom, evaluating their effect on the excavation
direction. Considering the 5-10m section of the Dong Nai 4-
2 exploratory adit, it's through 30 joints, with 6 joint
systems. From the rose diagram and stereonet method
show that the axis of the 5-10m section is perpendicular to
the main development direction of the joints, but the
excavation direction drive against the dip of these joints,
with density > 50%. According to Bieniawski (1989), the 5-
10m is unfavorable. Especially, in the case where many
joints cross. So, there should excavate another direction to
ensure stability.

KEYWORDS: joint, rose diagram, stereonet, Dong Nai 4-2
exploratory adit

TOM TAT

Ham ngang Béng Nai 4-2 la mét trong 4 dudng ham
khao sat dap thay dién Déng Nai 4, dai 80m, dudng kinh
2m, huéng ham 140°. Trong hdm ngang, cac khe nit phéan
b6 phtc tap, khoang cach clia cac khe nat déu nho hon
0.6m. Phan 16n bé mat cac khe ndt nhdn nhung dé mé nhéd
lam cho cac vat chat lap nét nhu cat, canxit va thach anh
cling tham gia vao sy can tré lyc cat xay ra va tang su lién
két tai cac bé mat khe ndt, tir d6 lam can trd su bién dang
hay sap ham. Tuy nhién, yéu t6 quan trong la thé ndm cua
khe nut trong hdm ngang rat phuc tap nén ti cac dac tinh
trén van chua dua ra dugc danh gia chinh xac én dinh cla
ham. Vi vay, nham danh gia su én dinh ca hdm ngang, bai
bdo da st dung phuong phap vé d6 thi hoa hong va
stereonet nham théng ké lai cac khe nat, dé€ dé dang tim ra
phuong phat trién chinh va mat dé cda khe nut. Xét doan 5-
10m ca ham ngang Déng Nai 4-2, doan ham di qua 30 khe
nut, trong d6 c6 6 hé théng khe nit. Tir d6 thi hoa hong va
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stereonet cho thay cac khe nut nay chd yéu vuéng goc va
¢6 hudng cdm ngugc lai v6i hudng dao ham, vai mat do >
50%. Theo Wickham (1972) thi hudng dao ham doan 5-10m
sé khéng thuan lgi. Dac biét la tai vi tri c6 nhiéu khe nut cat
nhau. Vi vay, can phai thay déi huéng dao dé€ dam bao su
6n dinh cGia ham.

TU KHOA: khe nut, @ thi hoa héng, stereonet, hdm ngang
Déng Nai 4-2
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1. Introduction

Today, according to the development of the word,
underground projects are more and more developed to
meet needs of economic life and national security. These
projects are affected by the geological structure; especially
underground projects in rock. So the geological survey is
very important. In there, the joint factor must be evaluated
first.

In rock, the joint exists a lot, our orientation is complex,
this is one of the main factors affecting the material rock as
increasing weathering grade, decreasing compressive
strength of the rock. Therefrom, the issues as collapse
happen easily. So, to make specifically the effect of the joint
on projects, with the subject " Evaluation of the joint
distribution in the exploratory adit" for Dong Nai 4-2
exploratory adit, this is one in four survey exploratory adits
of the Bong Nai 4 hydropower dam (Dak Nong), to evaluate
the strain degree and stability of the project items as water
tunnel, dam shoulder, electrical generating plant, main
dam, minor dam,...that is a necessary subject, giving the
evaluation method of the effects of distribution and
orientation of the joint on the stability exploratory adit. And
the evaluation process is more exact.
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Figure 1: Location of Dong Nai 4 hydropower dam (investinvietnam.vn)
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Figure 2: Regional geology of Dong Nai 4 hydropower dam
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2. Research methods

2.1 Theoretical basic

In engineering, according to Bieniawski (1989), the
characteristic joints includes spacing and orientation,
roughness of the joint surfaces, their separation, their
length or continuity, weathering of the wall rock of the
planes of weakness, and the infilling material. Therein, the
orientation of the joints importantly affect the stability
tunnel and they are expressed as Table 1.
Table 1: Effect of joint strike and dip orientation in tunneling
(Wickham, 1972)

Strike perpendicular to tunnel axis

Dive with dip Drive against dip
Dip Dip Dip Dip
45-90° 20-45° 45-90° 20-45°
Very favorable | Favorable Fair Unfavorable

. . Irrespective
Strike parallel to tunnel axis P

of strike
Dip Dip Dip
45-90° 20-45° 0-20°
Fair Very unfavorable Fair

So, If the excavation direction is perpendicular to strike
and driving with dip of the joints, the excavation direction is
favorable. In contrast, if the excavation direction is
perpendicular to strike and driving against dip, or the
excavation direction is parallel to strike, and irrespective of
strike, the excavation direction is unfavorable.

The rose diagram (Figure 3) is set up by the method that
assembles joints having the certain direction in the
diagram. To conduct this, all the measurement is divided
into groups of 5° or 10°. Example, if using groups 5, all the
joints have the strike of 1-5, as well as all the joints have the
strike of 181°-185° and forming a group, the joints have the
strike  of 6°-10° (186°-190°) forming the next
group,...Processing to count the number of each group 5
and setting up the statistical table.

~m ow@og

%,

2
3
4
-4
&
8
]
Figure 3: Rose diagram

Differs from the rose diagram just uses strike, dip
direction, or dip, the stereonet (Figure 4) uses all three of
the factor (strike, dip direction and dip) forming the pole on
the Wulff net. When the joint data is a lot or there are the
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joints having the same parameter, the evaluation is
different by the pole. So the joint distribution is evaluated
by the contour zone on the stereonet with the scale color.

o]

Figure 4: Stereonet

Thus, the paper uses the rose diagram to define the
main development direction of the joints, then using the
stereonet to define the pole density and the orientation of
the joints according to the main development direction.
Therefrom, the joint distribution characteristic will be
shown fully and evaluated easily the effect of the joint
distribution on the excavation direction of the exploratory
adit.

2.2 Project characteristics

Due to the geological conditions are complex, the Dong
Nai 4-2 exploratory adit is excavated on the south bank of
Dong Nai River to survey the geology at the outlet of the
headrace tunnel, to learn about rock characteristics in the
headrace tunnel and conduct field tests to learn about rock
material properties or friction between concrete and ballast.

The Dong Nai 4-2 exploratory adit is excavated in the
sandstone of the La Nga formation as Figure 2, with 140°
direction, 2m diameter, 80m length, in the elevation of 300-
370m as Figure 5.

To sure for the evaluation process is full of rock
properties, the exploratory adit is dug to fresh rock and
stopped. So, it throughs four weathering grades as Figure 6
and Table 2.

Table 2: Weathering grades of rock in the length of the
Dong Nai exploratory adit

Grades Length Characteristics
(m)
Highly weathered zone. More then haft
of the rock material is decomposed or
1A 0-5 - oo
disintegrated to a soil with grey, grey-
yellow, mix 40% breccia < 6cm.
Moderately weathered zone. Less then
A 530 half of the rock material of sandstone
2 is decomposed or disintegrated to a
soil with grey, grey-black.
Slightly weathered zone. Some part of
IB 30-55 | sandstone may be discolored by
weathering with grey, grey-black.
I 55-80 | Fresh rock zone of sandstone
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Figure 5: Dong Nai 4-2 exploratory adit (Southern General Investigation Enterprise, 2007)
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Figure 6: Section of the weathering grade of the Dong Nai 4-2 the exploratory adit
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The exploratory adit is divided into each 5m section to
evaluate. However, 0-5m is in the highly weathered rock
(HW), so the evaluation process is started from 5m.

Considering 5-10m section, the joint distribution is
expressed by 3D and 2D models as in Figure 7, and made a
statistical table in Table 3. In this section has 30 joints with 6
joint systems. Most of the joint roughness is smooth, but
the joint separation is small, causing the infilling such as
sandy silt, calcite, and quartz that control entirely the shear
strength of the joint, so the joint surfaces are connected
together more. However, at the positions where there are
many joints cross when the exploratory adit through them,
it appears small blocks and wedge-shaped blocks, causing

SESSION 5

instability as collapse exploratory adit.

Same for other sections, the joints in the Dong Nai 4-2
exploratory adit are a lot, having 349 joints with 83 joint
systems distributing complexly. Most of the joint surfaces in
the exploratory adit are smooth, but the separation is small
(< 10mm), causing the infilling such as sandy silt, calcite,
and quartz that control entirely the shear strength of the
joint that obstructs deformation and collapse of the
exploratory adit. However, the orientation characteristics
are complex, so needing to use the rose diagram and
stereonet to have an overview for the joint distribution in
the exploratory adit, then evaluating the effects of them on
the excavation direction.

Lenglh.m

Left wall

I

‘ Roof

- I Y Y

Fight wall ?
'
Lengih,m ;| 10

Figure 7: Joint districution in the 5-10m section

Table 3: Joint characteristics in the 5-10m section

Symbol 2‘;2:?; Strikes dire[iit?ons Dips Se;();r;t)lon Roughness Infillings Le(r:)th
4 3 240-245 330-335 75-80 2-3 Smooth Sand 6.3
5 3 240-245 330-335 65-70 2-3 Smooth Sand 6.5
6 1 205-210 295-300 30-35 2-3 Smooth Sand 6.4
7 1 210-215 300-305 70-75 1-2 Smooth Sand 6.5
8 1 215-220 125-130 70-75 2-5 Smooth Sand 54
9 1 240-245 330-335 55-60 5-10 Smooth Sand 5.8
10 3 200-205 290-295 65-70 1-2 Smooth Sand 6.6
11 1 210-215 120-125 60-65 2-5 Smooth Sand 1.9
12 3 220-225 130-135 75-80 5-10 Smooth Sand 6.2
13 1 260-265 170-175 45-50 2-5 Smooth Sand 7.8
14 1 265-270 355-360 35-40 2-5 Smooth Sand 8.9
15 2 190-195 280-285 65-70 2-3 Smooth Sand 4.5
23 1 140-145 230-235 80-85 10-20 Smooth Quartz, sand 18.5
66 8 130-135 40-45 55-65 5-20 Rough Quartz, sand, cancite >20

2.3 Analysis and results
Considering 5-10m section, from the orientation joints
in the left wall and the right wall, the results of the rose

diagram and the stereonet are expressed in Figure 8 and
Table 4-5.
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Figure 8: Results of the rose diagram and the stereonet of the 5-10m section

Table 4: Results of the rose diagram and the stereonet of the left wall of the 5-10m section
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.Dev.elopm.er)t ) Density | Dip directions Dips 140° excavation direction to Effect ijo.l nt
direction of joints Regions o . . o on excavation
(%) ©) © orientation of joint -
direction
| 26 290+5 755
Il 37 335+5 80+5 Perpendicular, drive against Unfavorable
Northeast-Southwest m 7 30045 4545
v 21 135+5 75+5 Perpendicular, drive with Favorable
Northwest-Southeast ' 9 45+5 65+5 Parallel Unfavorable

Table 5: Results of the rose diagram and the stereonet of the right wall of the 5-10m section

.Dev.elopm.er.wt ) Density | Dip directions Dips 140° excavation direction | FTTeCt ijo.mt on
direction of joints Regions o - . . excavation
(%) ) ©) to orientation of joint N
direction
| 16 285+5 80+5
I 30 335%5 75%5 Perpendicular, drive
. Unfavorable
1T 4 360+5 50+5 against
Northeast-Southwest v 4 30045 2045
% 12 135+5 80+5 ) o
Perpendicular, drive with Favorable
Vi 4 170£5 50+5
Vi 4 230+£5 85+5
Northwest-Southeast Parallel Unfavorable
Vil 26 45+5 655

Through the analysis results of the left wall and the
right wall in the 5-10m section, the joints almost develop in
the northeast-southwest, the excavation direction is
perpendicular to their strikes and driving against with their
dips, with density > 50%. So the excavation direction is

unfavorable.
Similar to the joint distribution evaluation in the 5-10m
section, through the evaluation of other sections of the

Dong Nai 4-2 exploratory adit, the results of the rose
diagram and the stereonet are combined as Table 6.
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Table 6: Results of the rose diagrams and the stereonets of the sections of the Dong Nai 4-2 exploratory adit
Left wall Right wall
Main development Joint dfen5|ty Main development Joint d§n5|ty
S . perpendicular to Effect of o - perpendicular to Effect of
Length direction of joints ) R ) . direction of joints ) N ) .
excavation direction Dip Dios joints on excavation direction Dip Dios joints on Results
(m) Main Excavation directions p exca- Main Excavation directions p exca-
To exca- o . (°) X To exca- o . () )
develop- . direction Density () vation develop- : direction Density Q] vation
vation . . . vation K X .
ment X . to dip (%) direction ment X . to dip (%) direction
L direction L L direction L
direction directions direction directions
0-5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
DW 70 335+5 80+5 DW 54 335+5 75+
- - - f
>10 NE-SW Pe DA 21 13545 | 7545 uf NE-SW Pe DA 16 13545 | 754 uf v
DW 32 295+5 85+5 DW 32 290+ 5 75+
10715 | NESW Pe DA 51 16545 | 85+ F NE-SW pe DA 39 16545 | 554 F F
DW 77 300+5 80+5 DW 68 300+5 80+5
15-20 NE-SW Pe DA o i B Uf NE-SW Pe DA G 11555 2015 Uf uf
DW 70 320+5 50+5 DW 77 320+5 50+5
20-25 NE-SW Pe Yy 3 o TE s Uf NE-SW Pe OA 5 i i Uf uf
DW 67 305+5 85+5 DW 63 335+£5 80%5
2530 | NESW Pe DA 2 13045 | 5545 uf NE-SW Pe DA 8 13045 | 5545 uf U
DW 84 315+£5 75+£5 DW 100 315+£5 75£5
30-35 NE-SW Pe B 5 " B Uf NE-SW Pe OA 5 " - Uf uf
DW 82 315+5 75+5 DW 81 315+5 75+5
35-40 NE-SW Pe O G i B Uf NE-SW Pe OA 5 i B Uf uf
DW 83 325+5 75+£5 DW 79 325+5 75+5
40-45 NE-SW Pe O 5 i B Uf NE-SW Pe OA 5 i B Uf uf
DW 79 315+5 85+5 DW 78 315+5 85+5
45-50 NE-SW Pe DA o i B Uf NE-SW Pe DA 3 T704s pr Uf uf
DW 62 315+5 85+5 DW 64 315+5 85+5
- - - f
2055 | NESW Pe DA 12 14045 | 85+5 uf NE-SW Pe DA 16 14045 | 8545 uf v
DW 83 310+ 5 75+5 DW 70 310+ 5 75+5
55-60 NE-SW Pe DA o ~ - Uf NE-SW Pe Y G FPps 8555 Uf uf
DW 73 295+5 855 DW 47 315+5 805
60-65 NE-SW P uf NE-SW P uf uf
€ DA 14 13545 | 8545 ¢ DA 24 13545 | 8545
DW 78 315+5 60+ 5 DW 68 310+5 75+5
65-70 NE-SW P uf NE-SW P uf uf
€ DA 10 13545 | 8545 ¢ DA 18 13545 | 8545
DW 83 31515 85+5 DW 82 135+5 85+
70-75 NE-SW P uf NE-SW P uf uf
€ DA 12 16545 | 8545 ¢ DA 8 16545 | 8545
DW 90 315+5 55+5 DW 84 310+ 5 75+
75-80 NE-SW Pe oA o ~ - uf NE-SW Pe OA o - - uf uf
NE-SW: Northeast-Southwest DW: Drive with F: Favorable
Pe: Perpendicular DA: Drive against Uf: Unfavorable
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The results show that most of the joints of each section
have the main development direction is northeast-
southwest. The strikes of these joints are perpendicular and
the dips are against the excavation direction, with density >
50%. So the joint distribution almost affects unfavorably on
the excavation direction. Except for the excavation direction
of the 10-15m section, it is perpendicular to the strikes and
driving with the dips of the joints, so the excavation
direction is favorable. Therefore, in general, the joint
distribution in the Dong Nai 4-2 exploratory adit make the
excavation direction is unfavorable.

3. Conclusions

Through the analysis results show that the joint
distribution in the Dong Nai 4-2 exploratory adit has the
development direction is northeast-southwest and
perpendicular to the excavation direction. Most of the dips
of these joints are against the excavation direction (140°),
with density > 50%. Causing the excavation direction is
unfavorable.

Therefore, the solutions are to change to 320° direction
is the most favorable. Or have to conduct research and lean
detailly about characteristic joints, hydrogeology, RMR, or Q
to ensure the projects are stable and favorable.

The research result of the subject has contributed to
confirm that is a sensible method to evaluate the effects of
the joint distribution of this exploratory adit as well as
tunnels in general, and providing a method for the first
evaluations of tunnel stability. Making premise for the next
research as deformation and tunnel stability quality. And
confirming the statistical methods by rose diagram and
stereonet, that will support to quickly and easily evaluate
the directional factors.

139

SESSION 5

References

1.

Barton N. and Choubey V. “The shear strength of rock
joints in theory and practice”, Rock Mechanics, 1977,
vol. 10, pp.1-54.

Bieniawski ZT. Engineering rock mass classifications.
Canada, A Willey-Interscience Publication, 1989, 29-
91.

Power Engineering Consulting Joint Stock Company
2-Southern General Investigation Enterprise. Project of
Dong Nai 4 Hydropower Dam, Ho Chi Minh City,2009.
Binh.V.H, Hao.P.L. “Hé thong phan loai dat da phuc vu
cho xay dung cac cong trinh thay dién khu vuc Tay
Nguyén”. Journal of Science and Technology
Development,2007. Vol. 10, 69-79.

John A.Hudson and John P.Harrison. Engineering rock
mechanics-An Introduction to the Principle. London,
Imperial College of Science and Technology and
Medicine University, 1989, pp. 114-116.

Chich.T.L and Long.H.L. Bja chdt kién tric va Do vé ban
dé dia chdt va Mét sé vdn dé co bén cta Dia kién tao.
Ho Chi Minh City, Vietnam National University Press,
2011, pp.146-167.

Wickham, G.E, H.R. Tiedemann, and E.H. Skinner.
“Support Geologic
Predictions”. Proc. Rapid Excav. Tunneling Conf., AIME,
New York, 1972, pp. 43-64.

Determination Based on



Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam

SESSION 5

VERIFICATION OF THE CORRECTED EMPIRICAL GREEN’S FUNCTION METHOD
- EFFECTS OF FREE SURFACE ON FLING STEPS -

ABSTRACT

Generally, the nearfault ground motions are
characterized by impulsive velocity and/or permanent
displacement, which might cause serious damages to near-
fault structures. Toward more reliable assessments on
seismic response of structures, it is highly required to obtain
more precise displacement waveforms including fling-
steps. The corrected empirical Green function (EGF) method
is advantageous in incorporating site effects precisely and
has widely been used in the design of port and airport
structures in Japan. It was originally designed to consider
only far-field S-wave, however, it was recently modified to
include permanent displacements and has been verified for
homogeneous full-space (Nozu and Nagasaka, 2017). In this
research, we continue their research to verify its
applicability to a half space where the near-fault fling-steps
are affected by the existence of free-surface. In particular,
we are interested in the applicability of the simplified
coefficient FS = 2.0 to account for the effect of free surface.
For this important issue, a comparative study was made for
fling step waveforms for typical three types of faults (strike-,
dip- and oblique-slip faults) by three different methods: the
corrected empirical Green’s function method (2017),
Hisada's (2003) method and Okada’s (1992) method, and
the effects of free surface was discussed. It resulted that, the
FS = 2.0 can't always reflect the effects of free surface on the
permanent displacement waveforms, especially for the
reverse and oblique fault models, which indicated that
further modifications are required.

KEYWORDS: Near-fault ground motions, Corrected empirical
Green'’s function method, Theoretical Green’s function method,
Okada’s method, fault models
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1. Introduction

Near-fault ground motions often contain strong
directivity pulses and permanent ground displacements
(fling steps). For example, during the main shock of the
2016 Kumamoto earthquake sequence, strong ground
motions with fling steps up to 1.5 m were observed in the
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near-source region, which could potentially affect the
seismic behaviors of near-fault structures significantly. Thus,
it is necessary to consider near-fault ground motions with
fling steps in the design of infrastructures.

There are some methods for near-fault ground motion
simulations, for example, the theoretical Green function
method proposed by Hisada and Bielak (2003), while its
application is limited to layered-half space. The analytical
solution by Okada (1985, 1992) is widely used, however, it
can evaluate only static displacements. On the other hand,
the corrected empirical Green function method (Nozu and
Sugano, 2008; Nozu et al., 2009) is advantageous in
incorporating site effects precisely and it successfully
simulated some strong earthquakes, for example, the 1995
Kobe earthquake (Nozu and Sugano, 2008) and the 2011 off
the pacific coast of Tohoku earthquake (Nozu, 2012). Based
on these results, the method has widely been used in the
design of port and airport structures in Japan. The method
was originally designed to consider only far-field S-wave,
however, it was recently modified to include near-fault fling
steps (Nozu and Nagasaka, 2017). Their method uses a
correction function, which can be used to introduce near-
and intermediate-field terms into Green’s functions. Their
numerical solutions agreed quite well with the analytical
solutions for the displacement time history for a circular
fault in an infinite homogeneous elastic medium (Nozu and
Nagasaka, 2017). However, their method has not been
verified for more complicated situation, i.e., the half space
including the free surface, which is closer to the practical
condition. In their method, amplification factor of 2.0
(namely FS = 2.0) (Boore, 1983) was used to account for the
effect of free surface. While main advantage of the
assumption lies in its simplicity, the value might not be
applicable depending on various incident angles and wave
types (SH or SV waves). In order to investigate this issue, a
comprehensive verification of this method was conducted
in this study. A comparative study was made for fling step
waveforms for typical three types of faults (strike-, dip- and
oblique-slip faults) by three different methods: the
corrected empirical Green’s function method (2017),
Hisada's (2003) method and Okada's (1992) method and the
effects of free surface will be discussed.

2. Methodology

In this section, we briefly describe the method by Nozu
and Nagasaka (2017), where the corrected empirical Green'’s
function (EGF) method (Nozu and Sugano, 2008; Nozu et al.,
2009) was modified to include near- and intermediate-field
terms, based on complete solutions for elastic wave field.

The corrected empirical Green'’s function method (Nozu
and Sugano, 2008; Nozu et al., 2009) can be summarized as
follows: Firstly, it considers a small earthquake occurring on
the fault plane of the target earthquake and obtains the
ground motions at the target sites (which are called the
“Green’s functions”). Secondly, based on the same
superposition method as the conventional Empirical
green'’s function method (Irikura et al., 1997), the green
functions are superimposed to evaluate ground motions
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caused by the large earthquake according to the fault
model of the large earthquake.

R,-FS-PRTITN,

(Zﬂf)z
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The Green’s functions are calculated as the inverse
Fourier transform of the spectrum F(f) at a target site. F(f) is
represented by Eq. (¥):

F(f):‘

4ﬂpﬁ3 0

where, Rs is the radiation coefficient of S-wave, FS is the
amplification factor accounting for the effects of free-
surface, PRTITN; is the reduction factor that accounts for the
partitioning of S-wave energy into two horizontal
components, p is the density of seismological bedrock, M,

is the seismic moment of the small earthquake, f. is the
corner frequency of the small earthquake, and Qs is the Q

value of S wave. ‘G(f)‘ is the site amplification
factor,O( f)is the Fourier transform of a record of small
earthquake, and ‘O( f )‘p is its amplitude, processed through

a Parzen window with a band width of 0.05 Hz (Nozu and
Sugano, 2008). More details could be obtained in Nozu and
Nagasaka (2017).

Generally, in terms of FS, the simplified value of FS =2.0
has conventionally been used to account for the effects of
free surface in the field of engineering seismology.
However, investigation is needed in terms of whether such
simplified expression for the effects of free surface is
suitable for calculating fling-step displacements. Thus, this
study was focused on how to consider the effects of free
surface within the framework of the corrected empirical
Green'’s function method. Because the results should be
verified by the analytical solutions, the site-specific

. |
1+(f/1,)
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amplification and phase characteristics have not been
considered in this study.

3. Verification

When Nozu and Nagasaka (2017) applied the corrected
empirical green function method to near-fault ground
motions, they simply used the value of FS = 1.0 because
their target was a homogeneous full-space. In this study, we
are interested in the applicability of the simplified
coefficient FS = 2.0 to account for the effects of free surface.
To investigate this issue, we investigated three typical types
of faults, the strike-slip (rake 0°), oblique-slip (rake 45°) and
dip-slip (rake 90°) faults under various dip angles.

We assumed a fault model with 10km long and 5km
wide, embedded in a homogeneous half -space with the
parameters listed in Figure 1 (a). The dip angle was varied
from 15° to 90° with an interval of 15° The slip-velocity
function for the corrected EGF method and Hisada’s
method are listed in Figure 1 (b) and (c), separately. The
fault parameters are summarized in Table 1. The
displacement waveforms including fling steps for two near-
fault observation sites (named A and B, 0.1 km away from
the surface fault trace as shown in Figure 1 (a)) are
synthesized by the corrected EGF method and compared
with the results by Okada’s (1985, 1992) method and
Hisada's (2003) method.

Table 1 Fault parameters for verification

Mo Strike Dip B Rake y Length Width Rise time
(dyne.cm) ) ©) ©) (km) (km) (s)
1.1225x10% 0 15~90 0,45, 90 10.0 5.0 1.0
F@O
1
U[n'(a-1/e)] (-1’
t
1.0 sec

half-space
material parameters:

Y (E)

Qpo= Qsp=100, Q=Q=0.0

(a)Fault model with various dip- and rake-angle

Vp=5.0 km/sec, Vs=3.0 km/sec, p=2500 g/cm®,

(b)Slip velocity function for the corrected EGF method

t
1.0 sec
(c) Slip velocity function for Hisada's method

Figure 1 fault model and 2 observation sites in the near fault area

Due to the limited spaces, only the comparisons of
displacement waveforms for the strike-slip fault with the dip
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angle of 90° and the dip-slip fault with the dip angle of 45°
are shown in Figure 2 and Figure 3.
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The good agreements among these three methods for
the strike-slip fault in Figure 2 well demonstrated that the
FS value of 2.0 can well approximate the effects of free-
surface in the half-space; the slight differences between the
corrected EGF method and Hisada's method are due to the
difference of the slip velocity functions (as shown in Figure

(a) rake-00 dip-90 (degree): NS

SESSION 5

1 (b) and (c)) used in the calculation. However, for the dip-
slip fault model, remarkable differences were observed
between the results of the corrected EGF method and the
analytical solutions (Okada method) as shown in Figure 3,
both for the foot wall site (Figure 3 (a)(b)) and the hanging
wall site (Figure 3 (c)(d)).

(b) rake-00 dip-90 (degree): EW

100 sitt A x=-0.1km,y=10.0km _ 100 site A: x =- 0.1 km, y = 10.0 km
= £ s
< 50 < 50 i
g g
§ 0 5§ 0
8 ) =
g -50 ) g 50
D-lOO Nozu — Hisada ---  Okada — - D-lOO Nozu —  Hisada ---  Okada — -
0 5 .10 15 20 0 5 .10 15 20
time (sec) time (sec)
(c) rake-00 dip-90 (degree): NS (d) rake-00 dip-90 (degree): EW
100 site B: x = 0.1 km, y = 10.0 km _ 100 site B: x = 0.1 km, y = 10.0 km
3 E =
< 50 p < 50 i
5 / 5
§ 0 § 0
8 8
2 50 3 50
D-lOO Nozu — Hisada ---  Okada — - D-lOO Nozu — Hisada ---  Okada — -
0 5 10 15 20 0 5 10 15 20
time (sec) time (sec)
Figure 2 displacement waveforms for strike-slip fault with dip angle 90°
(a) rake-90 dip-45 (degree): NS (b) rake-90 dip-45 (degree): EW
100 sitt Arx=-0.1km,y=10.0km _ 100 site A: x =- 0.1 km, y = 10.0 km
£ £
€ 50 S S0bf
f= = /
L L
£ 0 <zr £ 0
8 8
2 50 3 50
o Nozu — Hisada -~  Okada — - o Nozu — Hisada ---  Okada — -
-100 -100
0 5 .10 15 20 0 5 .10 15 20
time (sec) time (sec)
(c) rake-90 dip-45 (degree): NS (d) rake-90 dip-45 (degree): EW
__ 100 site B: x = 0.1 km, y = 10.0 km __ 100 site B: x = 0.1 km, y = 10.0 km
£ £
< 50 " < 50
uE> 0 g 0 _W
s 8 ez
3 50 3 50
o Nozu — Hisada ---  Okada — - = Nozu — Hisada ---  Okada — -
-100 -100
0 5 15 20 0 5 15 20

.10
time (sec)

10
time (sec)

Figure 3 displacement waveforms for dip-slip fault with dip angle 45°

In order to make clear the applicability of the simplified
value of FS=2.0 for typical types of faults, the strike-slip
(rake 0°), oblique-slip (rake 45°) and dip-slip (rake 90°) faults,
the differences of permanent displacement for all the cases
calculated in this analysis between the corrected EGF
method and Okada’s method are presented in Figure 4,
which illustrated the following:

(1) For the strike-slip fault, as shown by the red lines in
Figure 4 (a) and (b), good agreement between the two
methods was found both for the sites located on the
hanging wall and foot wall both for the NS and EW
components; the difference between the methods was
within 10 cm.

(2) For the dip-slip fault, as shown by the magenta lines,
the EW and NS components exhibited different tendencies.
For the EW-component, the difference increased with the
increasing dip angles, both for the sites on the foot wall and
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hanging wall; the largest differences were greater than
30cm and slightly different between the hanging wall and
foot wall sites as shown in in Figure 4 (b). On the other
hand, for the NS-component, the greatest difference of
38cm was found for the dip angle of 45°. For this case, the
corrected EGF method with the FS value of 2.0 remarkably
underestimated the fling-steps for the hanging wall site
while overestimated for the foot wall site.

(3) For the oblique-slip fault, as shown by the black lines
in Figure 4 (a) and (b) the tendency was between the strike-
and dip-slip faults.

Theoretically speaking, the amplification due to the
existence of free surface is strictly equal to 2.0 for the SH
waves, while it takes a different value for the SV and P
waves, which also depends on the incident angle. For the
strike slip case, the FS value of 2.0 lead to good results
because the SH waves are predominant in this case, while
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the discrepancy was significant for the dip slip case because
the SV and P waves are predominant in this case.

(a) differences of fling-steps between Nozu and Okada solutions:

SESSION 5

Based on the results above, the simplified FS value of
2.0 could not correctly reflect the effects of free-surface on
the fling-steps in the half-space.

NS

[8)]
o

hanlging: rake 00 -
foot: rake 00 -©-

o

hanging: rallke 45 -

Ihanging: rake 90 ‘o

foot: rake 45 -©- foot: rake 90 -©-

N W b
o o

=
o

fling-steps of (Nozu - Okada) (cm)
o

15 30 45

60 75 90

dip angle (degree)

Note: the positive difference stands for underestimated and negative differences shows overestimated for foot wall site and inverse
for hanging wall by Nozu method as compared with analytical solutions.

(b) differences of fling-steps between Nozu and Okada solutions:

EW

[8)]
o

o

N W b
o o

=
o

]
=
o

o

© N
)

hanging: rake 00 —®-
foot: rake 00 -©-
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S

fling-steps of (Nozu - Okada) (cm)
o

hanging: rake 45 —®-

hanging: rake 90 - .4
foot: rake 90 -©-

foot: rake 45 -e-

&
o

15 30 45

60 75 90

dip angle (degree)
Note: the positive difference stands for overestimated and negative differences shows underestimated for foot wall site and inverse
for hanging wall by Nozu method as compared with analytical solutions.

Figure 4 the differences of permanent displacdment between the corrected EGF method and Okada’s method

4, Conclusions

In this study, we continue to verify the corrected
empirical green’s function method for near-fault ground
motions including fling steps in the half-space, where the
fling steps are affected by the existence of the free-surface.
In particular, we were interested in exploring the
applicability of the conventional FS value of 2.0 to fling-step
displacement. Comparisons of the fling-steps with the
results of two other methods (Hisada's and Okada’s
methods) were conducted for three typical types of faults
under various dip angles. The result indicated that the FS =
2.0 could well approximate the effects of free surface on
fling-steps for the strike-slip faults; while it is not suitable for
oblique-slip and dip-slip faults. It is presumably due to the
fact that the amplification due to the existence of free
surface is strictly equal to 2.0 for the SH waves, while it takes
a different value for the SV and P waves, which also
depends on the incident angle.
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The site-specific amplification and phase characteristics
have not been considered in this study, which will be
considered in the future research; and new FS value will be
proposed in the future research.
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STUDY, ANALYSIS AND ASSESS EFFECTIVENESS OF SOFT SOIL IMPROVEMENT USING PVD COMBINE
VACUUM PRELOADING AT HYOSUNG VINA CHEMICALS PROJECT AT BA RIA VUNG TAU PROVINCE,
VIET NAM BASED ON MONITORED RESULTS AND SOIL INVESTIGATION BEFORE
AND AFTER GROUND IMPROVEMENT.
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ABSTRACT

This paper reports on geotechnical monitoring results of pore- pressure and study engineering geology inspection by
in-situ: Field Vane Shear Test, and in lab test results. Study and analysis collected data could be assess Degree of Consoli-
dation after treatment and also effect of ground improvement, comment and analysis causes of disagreement or/and dif-
ference achieved results rate of consolidation and basic for reasonable data selection.

KEYWORDS: settlement, soft clay, soil improvement, PVD, surcharge, vacuum, Monitoring.

CONTENT
1. INTRODUCTION:

Harmony in the trend of economic development of the sea in Southern Vietnam, Hyosung Vina Chemicals port in Cai Mep,
Ba Ria, Vung Tau is under constructions stage.

Soft ground improvement method using Prefabricated Vertical Drains (PVD) combined preloading surcharge is used com-
monly in more than a recent in Viet Nam especially in southern VietNam. However the challenges for soft soil treatment for
Hyosung Vina Chemicals Project are overlaid on very soft marine clay with thickness about 12m very low shear strength and very
high water content over 100% with organic approximately 10%; filling height: + 5.5m from ground level; Insufficiency of fine
sand source and requirement of short time consolidation; complicated in controlling stability protection of inside project area
may cause as a side of project face to a long with very deep Thi Vai Cai Mep riverbank.

Thus Soft ground improvement method using Prefabricated Vertical Drains (PVD) combined preloading surcharge is not
used and PVD combined vacuum is adapted and adopted for Hyosung Vina Chemicals Project. Three main aspects of tests will
be presented, and namely, instrumentation and field investigation geotechnical program (FVST, SPT), calculation of consolida-
tion settlement and testing of soil properties to see the difference before and after ground improvement.

2.SITE NATURAL CONDITIONS
2.1. Location:

Hyosung Port Vina Chemicals is located in Cai Mep Industrial Zone, Tan Phuoc Commune, Tan Thanh District, Ba Ria - Vung
Tau Province.
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Figure 2: Location: Hyosung Port Vina Chemicals
2.2. Topographic features:

The surface site before construction is the flooded area and was influent by both tidal area and regional navigation system
(Figure 2).

Figure 3: Topographic project site

2.3. Climate conditions:

Monsoon tropical climate, divided into two distinct seasons: rainy season, hot, humid, from May to October; dry season, cold
from November to April.

3. GROUND IMPROVEMENT WORKS
Soil profile at project site as details:

3.1. Geology condition at Project site
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Layer 1: (CH, MH) Clay with organic, dark grey, bluish grey, very soft, the depth of about 10m; thickness about 5-18m and
vary on project site area: Container ground yard Area near Hyosung Factory varies from 10 to18m soft clay thickness, offshore
area near jetty varies from 5 to 8m soft clay thickness

Layer 2: Underlying layer 1 to the depth of about 43m, thickness about 38m (SM,SC) Silty sand, clayey sand, yellowish grey,
whitish grey, dark grey, reddish brown, loose to medium dense, very loose at somewhere.

Layer 3: (CH) Clay, yellowish grey, bluish grey, stiff, the depth of about 45m, thickness about 2m
Layer R1: Weathered Granite, bluish grey, whitish grey, dark grey (RQD<75%).
Layer R2: Fresh Granite, bluish grey, whitish grey, dark grey (RQD>75%).

Soil profile and soil properties obtained from soil investigation in this stage (Portcoast Geo, 2016 & 2017) are generalized in
Figure 4

Distribution of soft soil thickness on site is shown in Figure 5
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) . . Layer
Soil properties Unit : i P :
1a 1b 2a 2b 2c 2d 3 5
Clay Y% 64.8 64.2 18.7 13.5 14.1 6.4 34.7 -
Silt Yo 343 34.1 8.4 7.5 13.4 113 54.8 -
Grain size
Sand % 0.9 1.7 72.6 78.2 72.5 81.6 10.5 -
Gravel % - - 0.3 0.8 - 0.7 - -
Wet density (7,) glem’ | 145 1.48 197 | 205 | 202 | 204 | 207 | 270
Moisture Content (w) % 97.6 88.9 21.1 16.3 18.1 15.1 24.8 0.2
Liquid limit (LL) Yo 92.8 92.0 - - - - 724 -
Plastic limit (PL) % 37.5 35.1 - - - - 292 -
Plasticity index (PI) - 55.4 56.9 - - - - 43.2 E
Specific gravity (Gs) - 2.67 2.67 2.67 2.67 2.67 2.67 2.69 2.72
Void ratio (¢) - 2645 | 2397 | 0.640 | 0515 | 0556 | 0506 | 0.621 | 0.008
Shear strength
c kPa - - 22 2.2 1.5 20 - -
Direct shear test @ (% - - 27°00" | 29°20" | 29°40" | 33°30" - -
| ci(@=0.95) | kPa - - 07 | 02 [ 00 | 00 5 "
Soil properties Unit J0E
1a 1b 2a 2b 2¢ 2d 3 5
¢ (@=095) | () = 3 26°00' | 28°40" | 29°00' | 32°50' | - -
oy (=0.85) | kPa - - 1.3 0.9 0.0 0.0 - -
@y (2=0.85) () - - 26°20° | 28°50' | 29°10' | 33°10' - -
UC Strength, q, (UC test) kPa 21.0 27.5 - - - - - -
Undrained shear strength, s, (UU test) kPa 13.8 14.6 - - - - - -
UC Strength for rock MPa - - - - - - - 82.6
Compression characteristics
Consolidation test
Compression index Ce - 0.923 | 0.767 - - - = z =
Recompression index Cr 5 0.182 | 0.125 - - - - - -
Swelling index Cs - 0.155 | 0.132 - - - - - -
. ocC m’/yr 5.4 5.0 2 . < = ’ .
Cocft. of consol, Cyon 2
NC m’/yr 1.2 1.3 - - - - - -

No Name of works Purpose of monitoring works Quantities
1 Surface Settlement plate monitoring Settlement monitoring on surface of improved soil layers 22
2 Extensometer monitoring Settlement monitoring at each varies depths 6
3 Piezometer monitoring Pore pressure in improved soil layers 6
4 Water level underground monitoring Underground water level monitoring during ground 6

improvement stage
5 Inclinometer monitoring Inclination monitoring a long with thickness of improved 12
soft soil layer
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3.2, Detail ground improvement works

Site ground area of project as Figure 6

LEATED o —DIfN TiCH PHAN MHU

snu o —CAD TRiNH Blas €a TAvoine com

Fﬁ-ﬁg PHAN VI X LT GOG X1 MANG BAT (LDM)

* PHAN VI ) LT BOM HOT CHAR KHONG KET HOP VD VA GiA TAI TRUOC

PHAM Vi % LY PVD A GIA TR TRLIOC

Site plan was surcharged 1.5m for convenience of PVD and CDM construction. Yard area was improved by PVD with 1x1m

into bed of layer 1

3.3. Geotechnical monitoring works

Geotechnical monitoring works started from April 2018 to September 2018 with detail quantities as below:

Figure 7. Plan of monitoring system

3.4. Re-field soil investigation:

Perform with works as: Drilling, sampling, Vane shear test and in- lab test: physical& mechanical properties index, Incremen-
tal Loading Consolidation Test, Constant Rate of Strain Consolidation Test, UU Triaxial Shear Strength Test, CIU Triaxial Shear

Strength Test with Pore Pressure Measurements.

Figure 8. Field soil investigation after treatment
Drilling and sampling works after ground improvement
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Field vane shear test after ground improvement

4. ASSESS DEGREE OF CONSOLIDATION AFTER GROUND IMPROVEMENT:

Assess Degree of Consolidation after ground improvement using some methods as below as:

4.1. Assess Degree of Consolidation on ground surface settlement data

4.1.1. Asaoka Method

- Based on the monitoring data, the final settlement estimate was calculated using the Asaoka method. The nature of this

method is as follows:

v'Asaoka demonstrated that if monitoring curve was divided into many Si points with equal time intervals, when the
axis of the graph with the horizontal axis is Si-1 and the vertical axis is Si, the points are straight lines. This is only

true when the working load is constant, which can be as follows:

v'The final settlement is the intersection between the points and the line connecting the 45 degree angle.

D6 lun tai thai diémt, Sj

o AR

Figure 9: Modeling diagrams by Asaoka method

Settlement at t-1, Si-1

MNiheccccccccccdme=

Sz Sa

Sua

No./ S. plate/ Asaoka method/ Tinh todn bdng pp Asaoka
STT | Tenbanlin gy | sim) | sim) U@ | Une%
1 S18 0.369 0.394 0.025 93.73%
92.75
2 S10A 0.435 0.468 0.033 92.96% %
3 S13 0.387 0.423 0.036 91.56%

4.1.2. Hyperbolic Method

Hyperbolic Method for Predicting Final Settlement

Tan et al. (1991) proposed a hyperbolic relationship between monitored settlement (s) and consolidation time (t), which includes

two linear segments
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t 4
= or -= t 2
e+t F) + JB @)
Hence the ultimate (or final) settlement s¢ was defined as
y y 1 1
1m s = [1In =5, = —
t— 0O =00 E + ﬁ 'f B
t 3

Where a and B are the intercept and the slope of the initial linear line.

2. Ultimate (Final) settlement Sk Average degree
1. Parameter .
Sk (mm) of consolidation
Settlement - - —
:int t of a st htl Sti
no ST10A ain erc;e/;s)vz’szsst Sft_ inein 0.1857 3. Settlements at time t; (mm)
{3: slope of a straight line e V]
int/sversust plot 0.0049 4. Degree of consolidation (%)
2. Ultimate (Final) settlement Sk
1. Parameter
Sk (mm)
Settlement | q:intercept of a straight line in Sti 89.2%
no S13 t/sversust plot: 0.1039 3. Settlements at time t; (mm)
B slgpe of a straightline 0.0037 4. Degree of consolidation v
int/sversust plot (%)
1 Parameter 2. Ultimate Sk
’ (Final) settlement S¢ (mm)
settlement a: intercept of a straight line in Sti
no S18 ’ P 9 0.0579 3. Settlements at time t; :
t/sversust plot; (mm)
2l f a straight li
B:s Qpe ofa straight fine 0.0023 4. Degree of consolidation V]
int/sversust plot

4.2, Evaluation of cohesion rate based on the results of monitoring of pore water pressure and groundwater level
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Fig 10.: Install piezometer and Chart of pore pressure(illustration)

Surplused pore water pressure is increased by the Remaining load process and gradually dissipating in the value
of "0" when the consolidation reaches 100%.
v'Cohesion rate as pore pressure UWP9% = (CSmax - EPWP)/ CSmax*100%
Where: CSmax: Max cohesion pressure
EPWP: Surplus pore pressure
EPWP = PWP - SWP.

PWP: Pore pressure

SWP: static pressure
AN TICH BO CO KET DUA TREN KET QUA QUAN TRAC AP LL'C NUGC LO RONG
ANALYSIS ON DEGREE OF CONSQLIDATION BASED ON ELECTRICAL PIEZFOMETER MONITORING RESULTS
Dvea trén 56 lidu quan trie dén ngay/ Based on monitoring data update to 01/06/2018
. KET QUA PHAN TICH DO CO KET THEO DO SALYANALYSIS ON DEGREE OF CONSOLIDATION WITH DEPTH
s Cao il Ap Ly U, U, U, +Aa ==
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FO2-1 ~109 T1.03 .70 2 4509 06, 2%
-8 PO2-2 339 BT a1 337 G481 G025
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-
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§ |
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-7.0
-50 -20 10 a0 70 100 130 160 190
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B30 o ke
(uag ez
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Trong dé
u Ap e nurde 15 edng hidn tod (bPa)
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Ap Iy thiry tinh ban diu + Ung sult gia thng do gia i cit (kPa)
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4.3. Assess Degree of Consolidation on ground surface settlement data using in lab test

Q: € — &
€ — €.

_2.073-1.784 _ 93399,

Q= 073-172
» eo: natural pore pressure
» et Natural pore pressure after ground improvement

> ec: Estimated pore pressure bear completed surcharge load and live load

/ . CONG TY CO PHAN TU VAN XAY DUNG BIA THONG
GEOSMART CONSULTANTS & CONSTRUCTION JSC
PHONG THI NGHIEM CO HOQC DAT VA VAT LIEU XAY DUNG LAS-XD 1124
— ‘ SOIL MACHENIC & CONSTRUCTION MATERIAL TESTING EABORATORY LAS-XD [124
KET QUA THIi NGHIEM NEN c8 KET
RESULT OF CONSOLIDATED COMPRESSION TEST
(Ticu chuiin/ Standard : ASTM D2435)
- Cong trinh/ Project : Hyosung Vina Chemicals port in Cai Mep, Ba Ria, Vung Tau
- 16 khoan! HBorchole : BHI-1 - 1§ siiu miu/ Depth of sample (m): 9.4 -10.0
56 hidu miw Sample No uD4 - Wi thi nghidm/ Teseed by : Ty, Quyén, Diing. Vuong
- Ma i Soil description @ S¢ét mau xiam xanh, trang thii déo chay/ Soft, blucish grey Clay
Lye nén S0 dge He s rfing i
Load Dial reading Void ratio
P (kPa) AH (cm) e 2000
0 2.073 1.900
12.5 0.0930 2.022
- = 1800
25 0.1615 1.953 =
-] i S W
50 0.2715 1.845 = T e 80 Kpa I I
=
100 0.4130 1.666 g 1.600
200 0.5600 1.439 5
1.500
400 0.6875 1.187 £
800 0.6820 0.952 T4
200 0.6650 0.953 1.300 T i
100 0.6430 1.022 IE
1.200 T
50 0.6150 1.107
0.317 i
0.407 1.000
0.779
0.900 +
Pe = 131.80 (kPa) 10 100 1000
Gy = 0.425 Ap lye nén/ Load P (kPa)
€, = 0.057
HE 50 cf kit
Lyfc nén .80 ¢ 5 120
Consolidation c ]
Load =
coslficiant % = 1.00
P (kPa) C, x10%(cm?/s) S ,,.5
5 4 =2 080
2.5 0.35 '_E, E
25 0.212 A
e
50 0.178 = 2 o I L IE1 BB 2E S S S
100 0176 2
X -
= 020
200 0.183
0.00
400 0.190 1 10 100 1000
Ap lye nén, P (kPa) - Load, P (kPa)
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Chart of natural pore pressure of soil before ground improvement
And attach surcharge load & live load (Pmax)

- . Z MART CONSULT -
$3 i~ TEM COF HOO BAT VA VAT L
TRECTION MATERIAL T,
KET QUA THI NGHIEM NEN CO KET
RESULT OF CONSOLIDATED COMPRESSION TEST
(Tidu chudn/ Srandard : ASTM D2Z435)
- Cdmg trinhy Prosfoct : NHA MAY SAN XUAT PP VA KHO NGAM CHITA LPG CUA TAP BOAN HYOSUNG
i khoans fare BH-Z 136 sfin mdus Fepile of sampde (my 7.2 -7.8
- 54 bidu mbus Samp uDz - Mg thi nghifmd Teseed fy: Ty, Quydn, Ding, Vi
NG G Sanid afesoripreion @ St i e xanh
Lye ndn 30 doc Hé =0 rng 1700
Load Dial reading Void ratio
P (kPa) AM (cm) o 1. BO0
a 1,748
25 00600 1.665 LA
50 01130 1.583 g 100
100 0.2095 1.460 =
200 0.3570 1.257 3 .00
anq 0.5115 1.045 =
+.200
8O0 06515 0.853 &
400 0.6420 0.866 1100
200 06250 0.889
100 0.6080 0.812 toa
S0 0.5880 0,940 0000
25 06630 0.974
0,800
oren |- l 1 | 11y 1 1 11]
Pe = 68.72 (kPa) "0 100 100
c, = 0.708 Ap lve nén/ Load P (kPa)
Gy = 0.114
i v HO =0 cd ket 120
riics Consolidation
i coafficiant S Sk
P (kPa) ©, %10 em/s) E
- = o.s0
25 0.785 E L
-
S0 0 SRS S g oo
100 0180 % '5 ——
"
200 0.202 =
0zo
400 0.203
800 o.198 T Py 108 1000
Ap lye nén, P (kPa) - Load, P (kPa)

Chart of natural pore pressure of soil after ground improvement
5. OEDOEMETER TEST RESULTS OF SOIL AFTER GROUND IMPROVEMENT TO FIGURE OUT ULTIMATE SERVICE LOAD.

The oedoemeter tests are not only for the determination of maximum pass pressure, but also used for the comparison with
the operation load, in addition, is used for determination of secondary settlement coefficient to check the residual settlement.
Detail results are shown on the Appendice

CONG TY €O PHAN TU VAN XAY DUNG DIA THONG/ GEOSMART CONSTRUCTION CONSULTANT JSC
PTN Cor hge diit & Vit Lifu sy dymg Las- XD 1124 / Soil mechanic & Construction material testing laboratory No 1124

150 9001:2008
—— ‘ DO/ Add: 26 Dudng 711, KPZ, P. Phi Hiru, .9, TR.HOM

DT/ Tel: (+84) 93 212 8081 (+84) 90 §87 9089

Cing trinh:Cing Héa chiit cda tip dodn Hyosung Vina
Project: Hyosung Vina Chemicals Port

i thilu/ Package: Xir Iy nén/ Soil improvement

Dia diém: KON Cii Mép, Huyén Tiin Thanh, Tinh Ba Ria - Viing Tau

Location: Cai Mep Industrial Zone, Tan Thanh District, Ba Ria - Vung Tian Province

Vi trif Point BHOT BHOZ BHO3 BHO4 BHOS BHOG
[(Cao 46 thiét ké/ Designed clevation, # (m) 5.500 5.500 5.500 5,500 5.500 5.500
(Cao dd dinh lép xir 17 Elevation of Top of sail treatment, (zf) (m) 0,109 -0.300 0,980 -0.330 0,860 0.330
Bé divy diip/ Fill elevation (z-2f) (m) 5.391 5.900 6480 5830 4.640 5170
Tai trong dip/ Fill load (z-20)* 18, (kPa) 97.038 106200 1 16.640 104.940 83.520 93060
Hoat tiif live load (kPa) 20,000 20000 20,0000 20.000 20,000 200,000
Tiai két cdiu do bii bé diy 0.2m Moad of road facilities with thich 0.2m, (kPa) 4.500 4.500 4.500 4.500 4,500 4,500

Cao d myre nirde m tinh ban diu / Static Ground water level, (2w} (m) 3.046 3.046 3046 2678 2.678 1.633

By ndil Buoyant Density (zw-20*9.81, (kPa) -28.78 -33.77 -39.45 -29.48 -17.82 -12.37
Tai khai thic/ Service load., (kPa) 92,76 96.93 101.69 99.96 90.20 104,79
Tai trong bén trén dit yéu' Load above Soft soil 72.76 76,93 1,69 79,946 70,20 54,79
in hiru trén may Effective pressure at surface (kPa) 64.82 70.63 64.95 73.12 77.58 82.63

Page 1 RESIDUAL SETTELEMENT FOR ZONE AZ2- HYOSUNG PORT
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6. RESIDUAL SETTLEMENT DURING OPERATION

Summary on the residual settlement consisting of primary and secondary settlement are shown in the below table:

Dung trong diy N Ungsuat |, . | Taikhai |Linckét| Lantr
3 as X s P Thong so ¢0 két ..o .| Tai gia ting ) . 2
= Béday | DBdsiu | noi/ Buoyant Consolidation P . hién hiru incremental thic  [Consolidati|  bién
y ‘r.! tri r;usaul | Thickness| Depth Density onsolidation Parameters Effective ond Service on Secondary
ocation of Sample Presssure load settlement | settlement
CR RR Pc Cae
(m) (m) (KN/m) (kPa) (kPa) (kPa) (kPa) (m) (m)
4.00 2.00 6.08 0.255 ] 0.047 | 118.5 | 0.001645 76.98 22.94 99.92 0.0213 0.0106
BHO01-1-UD3 4.00 6.00 6.08 0.255 | 0.047 | 118.5 | 0.008925 | 101.30 22.94 124.24 0.0167 0.0573
5.20 10.60 6.08 0.255 | 0.047 | 118.5 | 0.008925 | 129.27 22.94 152.20 0.0941 0.0735
TONG PO LUN DU (20 NAM), ¢cm
Residual Settlement (20 Years) 27.34 0.1320 0.1414
L . Du:'l'g trong day Thong sé cb kit Ur‘lg Sufl{ T gia thng Tai Ifhal Lin c:o' kel' Luﬂ tr
o Bé day | Do siu noi/ Buoyant L hién hiru | . thdc  |Consolidati|  bién
Vi tri mau/ . . Consolidation Parameters . incremental .
L N £ I Thickness| Depth Density Effective load Service on Secondary
ocation of Sample CR RR Pc Cae Presssure load settlement | settlement
(m) (m) (KN/ml) (kPa) (kPa) (kPa) (kPa) (m) (m)
BH02-2-UD3 6.90 345 6.04 0.376 | 0.038 | 184.1 | 0.01316 91.47 21.30 112.77 0.0238 0.1459
2.20 8.00 8.00 184.1 0 123.41 21.30 144.71 0.0000
1.00 9.60 0.04 0.376 | 0.038 | 184.1 | 0.00133 134.64 21.30 155.94 0.0024 0.0021
TONG PO LUN DU (20 NAM), ¢cm
Residual Settlement (20 Years) 1743 0.0263 0.1481
3o - Duﬂg trong diy Théng s6 c6 két U'r‘lg SI{EH Tai gia tang Tai lfhal Lin o kel' Lu_r: t
S ) Beday | B¢ sau noi/ Buoyant L hién hiru | . thdc Consolidati|  bien
Vi tri mau/ A N Consolidation Parameters . incremental X
N Thickness| Depth Density Effective Service on Secondary
Location of Sample load
CR RR Pc Cae Presssure load settlement | settlement
(m) (m) (KN/m’) (kPa) (kPa) (kPa) (kPa) (m) (m)
3.00 1.50 6.35 0.425 [ 0.057 | 131.8 | 0.01275 74.47 6.84 81.31 0.0065 0.0616
BH03-3-UD3 3.00 4.50 6.35 0.425 [ 0.057 | 131.8 | 0.01275 93.52 6.84 100.36 0.0052 0.0616
2.60 7.30 6.35 0.425 ] 0.057 | 131.8 | 0.001995 | 111.30 6.84 118.14 0.0038 0.0084
TONG PO LUN DU (20 NAM), cm
Residual Settlement (20 Years) lan 0.0156 0.1315
Page 2 RESIDUAL SETTELEMENT FOR ZONE A2- HYOSUNG PORT
Dunge v (1 R T
l:::‘; ::':::t_m:y _ Thing 5o ¢0 ket Ung sudt Tai gic | Taikhai | Linedkét| Lin
. Bédiy | Do siu Density Consolidation Parameters hign hi [ £8 B0E Consolidati|  bién
v 1 tri “"f“'r Thickness| Depth Effective . ;'m 1 on Secondary
Location of Sample CR RR | Pc Cac | Presssure o settlement | settlement
(m) (m) (KN/m"y (kPa) (kPa) (kPa) (kPa) (m) (m)
4.00 2.00 6.04 0.374 | 0.023 | 226.4 | 0.000805 £5.20 21.84 107.04 0.0091 0.0052
[BHOa4-UDa 4.00 6.00 6.04 0.374 | 0.023 | 226.4 | 0.00K805 109.36 21.84 131.20 0.0073 0.0052
3.30 9.65 6.04 0.374 [ 0.023 [ 226.4 | 0.000805 | 13141 21.84 153.25 0.0051 0.0043
TONG RO LUN DU (20 NAM), em
Residual Settlement (20 Years) 3.61 0.0215 0.0146
Dung trong diy - £ &L Ung sudt | Tai khai | Lin cb két | Lan tir
N Béday | Posiu | nai/ Buoyant _ Thangsdebkér hién hitu I'n"lt‘:‘: ! thic  |Consolidati|  bién
Vitri ma_u.f Thickness| Depth Density Consolidation Parsmstetn Effective © ;' ad : Berviee on Becondary
Location of Sample TR R Pe Tae Presssurc o load settlement | settlement
(m) (m}) (KN/m*) (kPa) (kPa) (kPa) (kPa) {m) {m)
4.00 2.00 6.02 0.29 [ 0028 [ 104.1 | 0.00008 89.62 7.62 97.24 0.0040 0.0063
[BHOE 5 UD3 3.00 550 6.02 029 | 0028 | 1041 | 001015 110,69 7.62 118.31 0.0252 0.0487
3.30 8.65 6.02 029 0028 | 104.1 ] 001015 139.66 7.62 137.28 0.0237 0.0536
TONG PO LUN DU (20 NAM), em
Residual Sentlement (20 Years) 16.15 0525 0.1086
Dung trong diiy o & L Ungsuat | . , Lin o két | Lan tir
; Bé diy | B siu ndif Buoyant - T:’:“L 0 ;0 ?“t I hign hi 1 o e tﬁnl_l ic Consolidati i
"_! tri miu/ Thickness| Depth Density Consolidation Parameters E ffective inerementa Serviee on Sccondary
Location of Sample CR | RR | Pe Cae | Presssure | 1M load 1 I
(m) (m) (KN/m™) ikPa) ikPa) ikPa) (kPa) (m) ()
3.00 1.50 6.02 0277 | 0062 | 107.7 ] 0.00217 91.66 17.16 108.82 0.014 0.010
[BHO6-6-UD3 3.00 4.50 6.02 0.277 | 0.062 [ 107.7 | 0.009695 | 109.72 17.16 126.88 0.052 0.046
2,50 7.25 6.02 0.277 | 0.062 | 107.7 | 0.009695 126.28 17.16 143.44 0.038 0.038
TONG PO LUN DU (20 NAM), em
Residual Settlement (20 Years) 19.97 0.108 0.005
Page 3 RESIDUAL SETTELEMENT FOR ZONE AZ- HYOSUNG PORT

The residual settlement after 20 years with both the primary and secondary settlement at the inspection area Zone A2 are:
27.34 cm; 17.43cm; 14.71cm; 3.61cm;16.15cm and 19.97 cm lesser than the allowable residual settlements in 20 years: < 30cm
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BACK ANALYSIS OF SOME CHARACTERISTICS OF SOIL AFTER GROUND IMPROVEMENT

When and after ground improvement, some characteristics of soil will be improved/increased usefully as: Shear strength,
density, Pre-consolidation pressure (Pc), Effective pressure at surface (kPa), service load of ground, degree of consolidation;
Some characteristics of soil will be lower/decreased in useful trend as: water content, void ratio/ pore pressure; liquid limited and
plastic limit, Compression index...

6.1. Reduction of water content, liquid limit (%), Plastic limit (%)

Changes in water content can be estimated based on field settlement data (Stamatopoulos and Kotzias, 1985) as follows:

Aw, = —(H}H + ! J(ﬁ
G/)h

where wi, Aw,, are the original and change of natural water content; G is the special gravity of soil grains, & is the settlement
under preloading, and h is the thickness of compressible soils.

Fig. 11 lllustrated the reduction of water content with depth for test embankment after 160 days of preloading compared
with the mean values of the initial water contents. The back calculated values of water content from settlements after treatment
are also plotted in Fig. 11 for test embankment and are good agreement with the measured water content data.

Moisture content

(%)
LBHO3 VS BH1-1 0 + Before S| ® After S|
-1
Before SI After SI
_2 > @
20.80 27.80 -3
-e
-4
79.70 75.40 -5 e
-6
77.90 68.80 7 ®
-8 -
77.10 67.50
-9 Y
86.10 -10
0.0 20,0 400 60.0 80.0 100.0
Moisture content, %
24.90 28.70
LBHO2 VS BH1-2 o < Before Sl ® After Si
Before SI After SI -1
i L
20.80 17.60 3
- e
-4
69.70 64.50
-5 - -
-6
77.30 58.40 & [
-7
69.40 57.60 -8 -
-9 -
68.30 10
0.0 20.0 40.0 60.0 80.0 100.0
20.90 18.50 Moisture content, %

Fig. 6-6 Back-calculated water content from settlements
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+ Before S| ® After S|
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6.2. Reduction of pore pressure (void ratio)

Void ratio, ZONE 1-1 LBHO3 VS BH1-1
Before S| After SI % Difference
2.073 1.748 -19%
2.136 1.965 -9%
2.096 1.880 -11%
2.077 1.825 -14%
0.680 0.776 12%

6.3. Increase in undrained shear strength

The increase in undrained shear strength, Su, was predicted by the SHANSEP technique (Ladd 1991) as follows:

[5—] =[5—) OCR"
a,. o a., NE

where OCR is the over consolidation ratio; ov is the effective overburden pressure; and NC and OC denote normally consoli-
dated and over-consolidated, respectively. Changes in un-drained shear strength can also be estimated from the following
equations based on field settlement data (Stamatopoulos and Kotzias, 1985):

AS, = 1+w,G s, g
0.434C, h
where Su, AS. are the original and change of un-drained shear strength; wn, Awnare the original and change of natural water

content; G is the special gravity of soil grains, Cc is the coefficient of compressibility, & is the settlement under preloading, and h
is the thickness of compressible soils.

The increase in un-drained shear strength, Su, was also obtained from piezocone penetration tests as follows:

ke
where g, is the corrected cone resistance; o is the total overburden stress, N is the cone factor

(Nk = 12 for soft clay in this area). The increase of shear strength can be estimated from the SHANSEP technique (Eq. *). In
this project, the SHANSEP equation can be obtained from field vane shear test, oedometer test and constant rate of strain (CRS)
test as follows:

S

*=0.215*OCR"™"
LBHO3 VS BH1-1
o + Before Si e After SI
Su (kPa) 2
-3
Before Sl After Sl =
-5 -
30.16 &
= - -
16.62 7
-8
12.60 27.08 -9
-
-10
47.32 0.0 200 40.0 60.0 80.0 100.0
Su, kPa
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LBHO2 VS BH1-2

Su (kPa)

Before SI After SI

57.46

19.20

13.70 16.64
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+ Before Si ® After Si

-1
-2
3
-4
-5 -
-6
-7

-9

-10
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Su, kPa
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Fig. 6-7 un-drained shear strength

6.4. SPT Numbers prior and after ground improvement

6.4.1. Based on Nser values before and after ground improvement
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6.4.2. Based on natural water values before and after ground improvement

KET QUA QUAN TRAC MUC NUGC NGAM

MONITORING RESULT FOR GROUND WATER LEVEL

Dy &n: Nha may san xuat PP va kho ngam chia LPG cua tap doan Hyosung

Project: PP Production Plant and LPG Cavern Project of Hyosung Corporation

Dia diém: Khu cédng nghiép Cai Mép, Huyén Tan Thanh, Tinh Ba Ria - Ving Tau

Location: Cai Mep Industrial zone, Tan Thanh District, Ba Ria - Vung Tau Province

Giéng s6/ Well No. W02 vs BH1-1 Vi tri/ Location: X (m) 1165235.826
Ngay lap dat/ Installed 12/30/2017 Y (m) 421789.177
date
STT/ ) T.hc‘ri S6 dc:)c/ Cao d6 dinh c".ing/ Cao d6 muc nuéc Cao d5 nén Gh’i
No. Ngay/ Date gl.an/ Reading Tube Elevation Ele. of g. water Fill EI|}. (m) chu/
Time (m) (m) level (m) Remark
1 03/01/2018 11:00 1.13 4.358 3.23 3.228
2 04/01/2018 10:00 1.10 4.358 3.26 3.258
3 05/01/2018 15:00 1.13 4.355 3.23 3.225
4 06/01/2018 14:00 1.70 5.375 3.68 3.680
5 07/01/2018 16:00 1.70 5.370 3.67 3.672
6 08/01/2018 10:00 1.70 5.375 3.68 3.675
7 09/01/2018 15:00 1.70 5.352 3.65 3.650
8 10/01/2018 9:00 1.05 5.352 4.30 4.302
9 11/01/2018 10:00 1.07 5.373 4.30 4.303
10 12/01/2018 14:00 2.02 6.250 423 4.230
1 13/01/2018 16:00 1.80 6.255 4.46 4.455
12 14/01/2018 10:00 1.34 6.255 4.92 4915
13 15/01/2018 9:30 1.34 6.256 4.92 4916
14 16/01/2018 14:00 1.26 6.239 4.98 4,979
15 17/01/2018 10:00 1.24 6.245 5.01 5.005
16 18/01/2018 14:00 0.93 6.236 5.31 5.306
17 19/01/2018 15:00 1.89 7.250 5.36 5.360
18 20/01/2018 15:00 1.97 7.262 5.29 5.292
19 21/01/2018 15:00 2.08 7.252 5.17 5.172
20 22/01/2018 15:00 217 7.147 4.98 4.977
21 23/01/2018 15:00 1.65 7.145 5.50 5.495
22 24/01/2018 10:00 249 7.236 4.75 5.950
23 25/01/2018 9:30 2.65 7.235 4.59 5.940
24 26/01/2018 10:00 2.74 7.022 4.28 5.949
25 27/01/2018 9:30 2.73 7.225 4.50 5.925
26 28/01/2018 11:25 2.79 7.223 4.43 5.933
27 29/01/2018 9:00 2.77 7.126 4.36 5.936
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KET QUA QUAN TRAC MUC NUGC NGAM
MONITORING RESULT FOR GROUND WATER LEVEL
Dy &n: Nha may san xuat PP va kho ngam chia LPG cua tap doan Hyosung
Project: PP Production Plant and LPG Cavern Project of Hyosung Corporation
Dia diém: Khu cdng nghiép Cai Mép, Huyén Tan Thanh, Tinh Ba Ria - Ving Tau
Location: Cai Mep Industrial zone, Tan Thanh District, Ba Ria - Vung Tau Province
Giéng s6/ Well No. W02 vs BH1-1 Vi tri/ Location: X (m) 1165235.826
Ngay lap dat/ Installed 12/30/2017 Y (m) 421789.177
date
STT/ ) T.hc‘ri S6 dc:)c/ Cao d6 dinh c".ing/ Cao d6 muc nuéc Cao d5 nén Gh’i
No. Ngay/ Date gl.an/ Reading Tube Elevation Ele. of g. water Fill EI|}. (m) chu/
Time (m) (m) level (m) Remark

28 30/01/2018 15:00 291 7.130 4.22 5.930

29 31/01/2018 10:00 2.88 7.220 4.34 5.924

30 01/02/2018 11:25 2.90 7.225 4.33 5.930

31 02/02/2018 9:30 2.80 7.216 4.42 5911

32 04/02/2018 15:30 3.16 7.205 4.05 5.894

33 05/02/2018 9:30 3.1 7.208 4.10 5.989

34 06/02/2018 9:00 3.15 7.208 4.06 5.989

35 07/02/2018 15:00 3.10 7.200 4.10 5.890

36 09/02/2018 15:30 3.28 7.198 3.92 5.890

37 10/02/2018 9:00 3.36 7.195 3.84 5.623

38 11/02/2018 9:30 343 7.195 3.77 5.856

39 13/02/2018 15:00 3.52 7.189 3.67 5.853

40 15/02/2018 9:00 3.58 7.185 3.61 5.842

41 17/02/2018 9:30 3.61 7.184 3.57 5.831

42 19/02/2018 15:00 3.62 7.182 3.56 5.847

43 21/02/2018 15:00 3.64 7.179 3.54 5.831

44 23/02/2018 9:00 3.65 7.175 3.53 5.805

45 25/02/2018 9:00 3.66 7.166 3.51 5.817

46 04/03/2018 10:00 3.82 7.159 3.34 5.760

47 12/03/2018 9:00 3.85 7.155 3.31 5.743

48 17/03/2018 9:00 3.87 7.153 3.28 5.736

49 23/03/2018 10:00 4.23 7.152 2.92 5.757

50 26/03/2018 11:00 4.08 7.151 3.07 5.671

51 30/03/2018 9:00 4.10 7.156 3.06 5.699

52 06/04/2018 9:30 4.15 7.133 2.98 5.629

53 13/04/2018 9:00 4.20 7.130 293 5.721

54 20/04/2018 10:00 4.25 7.126 2.88 5.675

55 27/04/2018 9:30 4.28 7.123 2.84 5.637
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KET QUA QUAN TRAC MUC NUGC NGAM
MONITORING RESULT FOR GROUND WATER LEVEL
Dy &n: Nha may san xuat PP va kho ngam chia LPG cua tap doan Hyosung
Project: PP Production Plant and LPG Cavern Project of Hyosung Corporation
Dia diém: Khu cdng nghiép Cai Mép, Huyén Tan Thanh, Tinh Ba Ria - Ving Tau
Location: Cai Mep Industrial zone, Tan Thanh District, Ba Ria - Vung Tau Province
Giéng s6/ Well No. W02 vs BH1-1 Vi tri/ Location: X (m) 1165235.826
Ngaylap dat/ Installed 12/30/2017 Y (m) 421789.177
date
Thoi S6 doc/ Cao dd dinh 6ng/ | Cao d6 muc nugc o a Ghi
STT/ . . ; . Cao do nén .
Ngay/ Date gian/ Reading Tube Elevation Ele. of g. water . chu/
No. R} Fill Elv. (m)
Time (m) (m) level (m) Remark
56 04/05/2018 8:30 4.29 7.120 2.83 5.613
57 11/05/2018 8:00 4.30 7.118 2.82 5.587
58 18/05/2018 8:30 4.32 7.115 2.80 5.532
59 25/05/2018 9:30 4.40 7.110 2.72 5.502
60 | ouosaois | soo | as 7108 |2 s
KET QUA QUAN TRAC MUC NU'GC NGAM
MONITORING RESULT FOR GROUND WATER LEVEL
Dy &n: Nha may san xuat PP va kho ngam chia LPG cua tap doan Hyosung
Project: PP Production Plant and LPG Cavern Project of Hyosung Corporation
Dia diém: Khu cédng nghiép Cai Mép, Huyén Tan Thanh, Tinh Ba Ria - Ving Tau
Location: Cai Mep Industrial zone, Tan Thanh District, Ba Ria - Vung Tau Province
Giéng s6/ Well No. WO5 vs BH1-2 Vi tri/ Location: X (m) 1165343.309
Ngay lap dat/ Installed 1/5/2018 Y (m) 421894912
date
STT/ ) T.hdl So6 d?c/ Cao do6 dinh c'mg/ Cao dé muc nudc Cao d6 nén Fill | Ghi cha/
Ngay/ Date gian/ | Reading Tube Elevation Ele. of g. water :
No. . Elv. (m) Remark
Time (m) (m) level (m)
1 15/01/2018 11:00 0.51 3.580 3.070 3.070
2 22/01/2018 10:00 1.51 4.683 3.173 3.173
3 23/01/2018 15:00 1.45 4.689 3.239 3.328
4 24/01/2018 10:00 1.10 4.779 3.679 3433
5 25/01/2018 9:30 1.08 4.778 3.698 3.683
6 26/01/2018 10:00 0.84 4,779 3.939 3.684
7 27/01/2018 9:30 1.39 5.866 4.476 4.005
8 28/01/2018 11:25 1.41 5.377 3.967 3.985
9 29/01/2018 9:00 0.84 5.348 4.508 4.709
10 30/01/2018 15:00 1.62 6.158 4.538 4.668
11 31/01/2018 15:00 1.35 6.150 4.801 5.151
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KET QUA QUAN TRAC MUC NU'GC NGAM
MONITORING RESULT FOR GROUND WATER LEVEL
Du an: Nha may san xuat PP va kho ngam chia LPG cua tap doan Hyosung
Project: PP Production Plant and LPG Cavern Project of Hyosung Corporation
Dia diém: Khu cdng nghiép Cai Mép, Huyén Tan Thanh, Tinh Ba Ria - Ving Tau
Location: Cai Mep Industrial zone, Tan Thanh District, Ba Ria - Vung Tau Province
Giéng s6/ Well No. WO5 vs BH1-2 Vi tri/ Location: X (m) 1165343.309
Ngaylap dat/ Installed 1/5/2018 Y (m) 421894912
date

STT/ Ngay/ Date ; il::i/ :::17;5/1 c?’:l:jeéET:\‘/:t?:ng / c:;’efjgfr;.qmc/:t:fc CaodonénfFill | Ghi chu/
No. Time (m) (m) level (m) Elv. (m) Remark

12 01/02/2018 9:30 1.61 6.143 4.538 5.107

13 02/02/2018 9:30 2.40 7.029 4.629 5.898

14 03/02/2018 9:00 2.43 7.012 4.582 5.843

15 04/02/2018 15:30 1.18 6.990 5.810 5.880

16 05/02/2018 9:30 1.24 6.993 5.758 5.843

17 06/02/2018 9:00 1.29 6.896 5.608 5.837

18 07/02/2018 15:00 1.34 6.979 5.639 5.827

19 08/02/2018 14:00 1.39 6.978 5.588 5.857

20 09/02/2018 14:00 1.35 6.970 5.620 6.035

21 10/02/2018 14:00 1.36 6.961 5.601 5.787

22 11/02/2018 9:30 1.36 6.952 5.592 5.849

23 12/02/2018 9:00 1.38 6.950 5.570 5.832

24 13/02/2018 14:00 1.39 6.947 5.557 5.826

25 14/02/2018 15:00 1.42 6.945 5.525 5.842

26 15/02/2018 9:30 1.45 6.943 5.493 5.849

27 16/02/2018 9:00 1.46 6.943 5.483 5.833

28 17/02/2018 9:30 1.48 6.942 5.462 5.821

29 18/02/2018 9:00 1.52 6.940 5.420 5.840

30 19/02/2018 9:30 1.53 6.939 5.409 5.831

31 20/02/2018 9:00 1.55 6.935 5.385 5.823

32 21/02/2018 9:00 1.57 6.932 5.362 5.811

33 23/02/2018 9:00 1.45 6.928 5478 5.783

34 25/02/2018 9:00 1.47 6.925 5.455 5.701

35 27/02/2018 10:00 1.47 6.925 5.455 5.701

36 01/03/2018 9:00 1.38 6.924 5.544 5.755

37 03/03/2018 10:00 1.51 6.920 5.410 5.740

38 05/03/2018 9:00 1.51 6.911 5.401 5.683
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KET QUA QUAN TRAC MUC NU'GC NGAM
MONITORING RESULT FOR GROUND WATER LEVEL
Du an: Nha may san xuat PP va kho ngam chia LPG cua tap doan Hyosung
Project: PP Production Plant and LPG Cavern Project of Hyosung Corporation
Dia diém: Khu cdng nghiép Cai Mép, Huyén Tan Thanh, Tinh Ba Ria - Ving Tau
Location: Cai Mep Industrial zone, Tan Thanh District, Ba Ria - Vung Tau Province
Giéng s6/ Well No. WO5 vs BH1-2 Vi tri/ Location: X (m) 1165343.309
Ngaylap dat/ Installed 1/5/2018 Y (m) 421894912
date

STT/ Ngay/ Date ; il::i/ :::17;5/1 c?’:l:jeéET:\‘/:t?:ng / c:;’efjgfr;.qmc/:t:fc CaodonénfFill | Ghi chu/
No. Time (m) (m) level (m) Elv. (m) Remark

39 07/03/2018 9:00 1.50 6.905 5.405 5.658

40 09/03/2018 10:00 1.42 6.912 5.492 5.675

41 11/03/2018 11:00 1.48 6.908 5.428 5.661

42 13/03/2018 9:00 1.50 6.905 5.405 5.661

43 17/03/2018 9:00 1.53 6.901 5.371 5.604

44 23/03/2018 10:00 1.96 6.883 4.923 5.630

45 26/03/2018 11:00 2.06 6.873 4.813 5.551

46 30/03/2018 9:00 2.10 6.866 4.766 5.564

47 06/04/2018 9:30 2.27 6.841 4.571 5.571

48 13/04/2018 9:00 2.38 6.836 4.456 5.571

49 20/04/2018 10:00 2.42 6.834 4414 5.574

50 27/04/2018 9:30 2.57 6.830 4.260 5.551

56 04/05/2018 8:30 2.65 6.827 4177 5.524

57 11/05/2018 8:00 2.75 6.823 4.073 5.476

58 18/05/2018 8:30 2.82 6.820 4.000 5411

59 25/05/2018 9:30 2.98 6.815 _ 5.403

With ground improvement by PVD plus surcharge which surcharge load was backfilled to increase compression load to
strengthen velocity of underground seepage flow and excess pore pressure in the soft soil is designed to be dissipated through
the horizontal drainage system on the top of PVDs that can be either the sand blanket or prefabricated band drains (PBD).

Those effective parameters increased after ground improvement as the above mentioned as: Degree of Consolidation, set-
tlement rate, effective pressure, soil shear strength.... Actually this is increasing of soil properties.

And effective parameters decreased with better trend after ground improvement as also the above mentioned as pore
pressure, (water level), water content,...

However there was not or lightly increasing of Nspr value blow counts parameter because of some conditions as:

+ Ground after improvement is still in saturation state in spite of decreasing of pore pressure or/and water level: void ratio
of soil sizes (volume) reduced but soil still hydrated underground water ( see Fig. 6-6 Back-calculated water content from
settlements) and can see at average NSPT in depth, prior and after soil improvement versus water level table 6.4.3.1. Based on
natural water values before and after ground improvement.
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+ Soft soil before improvement is very soft marine clay and surcharged by pumping on yard area this is so- called static sur-
charge method (not really disturbed much to soil structure unlike vibro sand/ stone columns methods)

+ Energy of SPT hammer is too high (63.6 Kg) with very soft sensitive clay thus it is so difficult to measure for.
7. RESULTS DISCUSSIONS

v'Comparison of degree of consolidation from settlement, pore pressure data and Vane shear test test from soil investigation

after treatment
By field measurements Combine In situ Field Soil investigation& In lab test before
& after treatment
Settlement data Pore pressure data
Asaoka’s Method Hyperbolic's Barron’s Method Q- e, — €
Method - e, €,
92.75% 89.2 91.4% 93.39%

v'The average Degree of consolidation (DOS) was assessed based on both settlement (ground surface settlement plate) and
pore pressure data which indicated that DOS estimated from settlement data was higher than that estimated from
pore water pressure data due to maintenance at higher levels of the excess pore pressures during the progress of con-
solidation

v'The average Degree of consolidation (DOS) predicted using Asaoka’s Method (Asaoka, 1978) higher than Hyperbolic's
Method (Tan, 1996)

¥'There is good match results in Assessment of DOC between Field measurements and Combine In situ Field Soil investiga-
tion& In lab test before & after treatment method for are good match assessment at Hyosung Vina Chemicals Project.
However The average Degree of consolidation (DOS) figured out from combining In situ Field Soil investigation& In
lab test before & after treatment higher than by field measurements (Included Asaoka, Hyperbolic, Pore pressure and
Combine In situ Field Soil investigation& In lab test before & after ground treatment method)

v’ Because of good agreement between assessment method and results of DOC was mostly match with estimation of DOC and
also settlement as well as time to achieve or/and for surcharge removal that indicated there was good design calculation
and matched to all predicted DOC based Monitored Data for Hyosung Vina Chemicals Project at Ba Ria Vung Tau Prov-
ince, Viet Nam.
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LANDSLIDE RISK ASSESSMENT BY SITE INVESTIGATION AND NUMERICAL ANALYSIS
IN AN KHE PASS, VIETNAM

DANH GIA RUI RO TRUGT LG BANG KHAO SAT HIEN TRUGNG VA PHAN TiCH MO HINH
TAI DEO AN KHE, VIET NAM

Nguyen Huynh Thong, Le Thanh Phong, Bui Trong Vinh, Toshihiro Asakura, Naotoshi Yasuda

ABSTRACT

The study considers the potential landslide area at An Khe Pass top and analyzes the causes and factors triggering instability.
Site investigation and Limit Equilirium method (LEM) are two key methods used. Initial results indicate that this area includes
many sensitively unstable locations along An Khe Pass, particularly at an elevation from 400 to 550 m. The study also analyzed
the mechanical properties of engineering geology, hydrology, geomorphology, weathering, and land use around sensitive
areas. Results of model simulations demonstrated that depending on the rainfall intensity in a rainy season, the surface flow
eroded material strongly and caused liquefaction quickly leading the loss of balance on slopes, causing critical roads no active
and paralysis. Therefore, the factor safety of research get 0.81 and a fundamentalist to evaluate the impacts of geodynamic
processes and to propose appropriated solutions for prevention.

KEYWORDS: landslide, laboratory testing, LEM, rainfall intensity, geodynamic processes
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I. Introduction

An Khe Pass (Figure 1) is the Pass elbow located on 19
highway connecting between Binh Dinh and Gia Lai
province as well as is the critical road linking of Tay Nguyen
area, Viet Nam to Laos and Cambodia. With the Pass length
about 20 km on 19" highway, An Khe is one of the
important economic roads of highland area. However,
because of the terrain of mountain with elevation
changing from 200 to 500 m, thickness weathering layer,
especially at the top of An Khe Pass 600 m elevation, elbow
shape, 40 degree inclination lead to geological dynamic
processes such as landslide, slope failures, debris flow, and
so on damaging to the national highway.

Moreover, the climate of An Khe is the same with climate
of Binh Dinh province, Tay Nguyen, hence rainy season
usually prolongs from October to February in next year,
especially being the heavy rainfall in November, increasing
the surface runoff on slope, and promoting the slope

failures.
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Figure 1: Location of Research Study

Il. Data material and Method
1.1 Data material

To prepare for input parameters, the existing data from
reports, publication, and papers as well as the primary data
from field investigation are referred. Due to the very
narrow and complicated terrain at the top of An Khe Pass,
field investigation by geological drilling cannot active at
the potential slope failures; therefore, the research
collected some soil samples by manual method in dry and
rainy season to identify the properties of soil.

Furthermore, the existing and new slope failures are also
measured and recorded with information such as
inclination, height, width as well as description about
biography

11.2 Method

Limit Equilibrium Method (LEM) is one of the Finite
Element Methods (FEM). This method is used to calculate
and evaluate each slice of slope. Up to now, the LEM is
certified as numerical method to analyze for sliding slice of
soil following the Coulomb's law (Carol and et. al, 2014).
Hence, the research uses LEM as the analyzed method for
calculating and evaluating on slope failures. Accordingly,
the essentially geological tool including SeepW and
SlopeW is applied.
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11l. Analysis and Result

From the features of research area and information of
input parameters, the collected profiles are analyzed with
assumption situations of dry and rainy season, as well as
changing of groundwater (GW) table. In the Figure 2, the
profile AA’, BB', CC’' design to cut through the elbow of An
Khe Pass with elevation change from 480 - 500 m to 400 m
at the end point of modeling.

Figure 2: Cross-section for modeling

The analyzed results show, with none GW case, the factor
safety (FS) is around 1.112 to 1.345 (standard FS equal 1.0,
the minimum FS for safety evaluation of slope).
Nevertheless, in the GW case (by field investigation,
recharging to GW table is filled by Gia Lai river above,
especially extra volume in rainy season), FS reduces
strongly and gets 0.6 to 0.8, leading to easily failure (Figure
3).

In research, analyzing and calculating about FS changing
follow the ability of infiltration in rainy season also carried
out. By the laboratory testing, almost clayed sand are
found and infiltration changing 10% to 15% (considering
to terrain feature). According to landslide report of An Khe
Pass top (2011), the annually average rainfall gets about
5.5%¥10® to 5.8%10® m/s. Thus, the ability of infiltration of
water is calculated with approximately value around
3.6¥10° m/s, using for input parameter of dynamic
modeling. Output result of FS varies from 0.6 to 0.7,
occurred failure (Figure 3).

ANALYZED RESULTS of PROFILES
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B GW change

BE' ' GW

= hone GW

05 1 15
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Figure 3: Analyzed results of representative profile at An Khe
Pass top
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Based on the output results, FS gets smaller than 1.0 need
evaluated and checked carefully in the field. In the
researching limitation, the FS results of modeling are
compared with the old slope failure in the field. Finally,
location of slope failures as well as GW is completely the
same in site.

IV. Conclusion and Suggestion

An Khe Pass area, especially in Pass top location existed
many the potential slope failure such as landslide, rock fall,
debris flow, and so on. When hazard occurs, not only
happen the economic loss, damage the critical highway,
but also lead to human being loss. Therefore, the early
warning system and the appreciated technical solution
(embankment, drain system, and so on) need executed.

To get more advantages about solution, the research
carried out interpolation the FS contour along
representative profiles due to suggest the appreciated
countermeasures around failure slope. By that way, FS
always get value larger than 1.0 and located outside
highway (Figure 4), thus, only focusing on the traffic
situation in dry season.

Figure 4: Interpolation of FS contour in dry season

As for rainy season, failure not only occurs at Pass top, but
also fails on many positions along 19" highway leading to
completely damage road. Strongly suggestion about
research project for 19 highway by digital elevation
method (DEM) to manage and solute troubles
immediately.
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THE SLOPE STABILITY ASSESSMENT FOR OPEN PIT MINING EXTRACTION
DANH GIA ON BINH MAI DOC TRONG KHAI THAC MO LO THIEN

Tran Le Hoang Tu, Nguyen Huynh Thong

ABSTRACT

In Viet Nam, open pit mining extraction creates many unsafe problems, especially problems of slope instability. The slope
was established from excavation peel soil process, due to the purpose of deep mining and threaten to lives of the worker,
engineer, resident when landslides occur. Therefore, human need to assessment and research methods excavate slope stability
in and after mining extraction, in future will develop new projects at here.

Geology and hydrogeology data were collected from field trips and geological survey. Important positions in entire survey
area were assessed and choose to determine the build of a model. Finite Elements Method (FEM) was solved stability and
displacement problems. Additionally, the input parameter of main physical properties of soil, rainfall and neighboring buildings
was collected for calculation.

The result of paper showed slope excavation do change the structure of soil and led to increased risk of landslides. Value of
stable coefficient (K) is 1.25 for assessment level of stability. Method of excavation does not cut slope angle 38 degrees (1:1.25)
ensures stability with deep 15m and K38=1.3824. Method of excavation does cut slope with height 5m, width 3m and slope
angle 63 degrees (1:0.5) ensures stability with deep 15m and K63=1.2538.

The result of the paper is a basis for selecting the method of slope excavation to fit natural features of mine. Method of
excavation does not cut slope with slope angle 38 degrees ensures stability but it does not fit with the small area of mineral
mine, because of doing not open pit mining extraction. Method of excavation does cut slope with height 5m, width 3m and
slope angle 63 degrees is suitable for the large and small area of mining but excavating technique is high than the method of
excavation does not cut slope.

KEYWORDS: instability, Finite Elements Method, stable coefficient, displacement
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LANDSLIDE DISASTER AND APPLICATION POSSIBILITY OF LANDSLIDE EARLY
WARNING SYSTEM (LEWS) IN LAM DONG PROVINCE, SOUTHERN VIETNAM

Bui Trong Vinh, Pham Thanh Phuc, Le Thanh Phong,Nguyen Huynh Thong,
Tran Anh Tu, Nguyen Viet Ky, Kanno Takami , Kiyono Junji

ABSTRACT

Landslide disasters have occurred and caused many houses cracked, collapsed and lives in many countries. Bao Loc city
belongs to Lam Dong Province, southern Vietnam, locates on Di Linh - Bao Loc plateau about 800 — 1000m elevation with
complex mountainous terrain. Residents living there have to evacuate to temporary areas supported by local government. In
order to reduce damages of assets and costs of lives, mechanism of landslide hazard need to be investigated and assessed. The
main cause was soil extraction activities at toe of slope, which lost the counterweight berm, associated with the moisture
increase of soil due to heavy rainfall in rainy season. The 1.2-hectare landslide area was investigated with reduced shear strength
of slope materials.
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The analysis results from GeoStudio software show that the slope is stable in dry season with the minimum factor of safety
(FS) is 1.474, in rainy season the slope is unstable with minimum factor of safety (FS) is 0.896 commensurate with groundwater
present model.

The analysis results from Band Stability and Toe Erosion also show that the slope is unstable with the minimum factor of
safety (FS) is 0.73. The results of the micro tremor observation also show the study area is potentially very high landslide.

The extensometer was also installed to record the extension of the cracks in the hazard zone. The results showed that some
cracks have been developed especially in the rainy season. The unmanned aerial vehicle (UAV) was also used to monitor and
investigate the small and large landslide areas.

A landslide early warning system (LEWS) for predicting landslide disasters using global navigational satellite system (GNSS)
has been also developed. The preliminary results showed that the landslide early warning can be applied in the area but it
depended on many installed factors and infrastructure of the local telecommunication system.

KEYWORDS: landslide disaster, Bao Loc City, Vietnam, LEWS, GNSS, UAV, FS
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RIP CURRENT AND BEACH CIRCULATION HAZARDS IN VUNG TAU BEACH - VIETNAM
CAC MOI NGUY VE RIP VA DONG CHAY G BIEN VONG TAU - VIET NAM

Bui Trong Vinh, Huynh Trung Tin, Jung Lyul Lee

ABSTRACT

Vung Tau Beach in Vietnam is well-known place for million tourists to visit and enjoy annually. However, each year,
thousands of beach goers have been drown by rip currents and beach circulation. In this paper, the authors have investigated
and identified the characteristics of the rip current and beach circulation hazards in Vung Tau Beach using satellite images and
numerical model. It is found that, the occurrence of rip currents and beach circulation depends on the change of tidal level,
wave attack and bottom topography seasonally. Two main types of rip flow including the “exit flow” and the “circulation flow”
have been identified. The effects of the groin structure and remaining hard rock on rip currents have been also investigated.

KEYWORDS: Vung Tau Beach, Rip Current, Hazards, Exit Flow, Beach Circulation Flow
TOM TAT
Bai bién Viing Tau dugc biét dén nhu 1 dia diém du lich néi tiéng, thu hut hang triéu khach du lich hang nam. Tuy nhién,

méi ndm, Viing Tau ¢ hang ngan trudng hop dudi nudc do dong rip va cac dong chay ven bién. Trong nodi dung bai bao nay,
cac tac giad da st dung anh vé tinh va mé hinh s dé phan tich va nhan dién cac dic diém cla dong rip va cac dong chay ven
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bién Ving Tau. Két qua cho thay, su xuit hién cla cac dong rip va dong chdy ven bd phu thudc vao su thay déi ctia thay triéu,
tac doéng clia séng va su bién déi dia hinh day bién theo mua. 2 co ché chinh clia dong rip dugc nhan dién la céc dong “tach by”
va dong “hoan luu”. Bén canh dé, su anh hudng clia cong trinh mé han va cac dai da géc dén su phan bé clia dong rip clng
dugc phan tich va danh gia.
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APPLICATION OF S-SHAPE CURVE EQUATION
TO DESCRIBE CONSOLIDATION TEST RESULTS USING CURVE FITTING TOOL

UNG DUNG PHUONG TRINH DUGNG CONG S-SHAPE DE BIEU DIEN KET QUA THi NGHIEM
NEN CO KET BANG CACH SU DUNG CONG CU CURVE FITTING

Dr. Vo Dai Nhat, Tran Van Thanh

ABSTRACT

The objective of this paper is to research on application of S-shape curve equation to describe consolidation test results by
using curve fitting tool based on analysis of factors of model including SSE, R-square, Adjusted R-square and RMSE. The
consolidation test results are plotted properly and then three S-shape curve equations introduced by Brooks and Corey (1964),
van Genuchten (1980) and Fredlund and Xing (1994) are used to fit the tested data. The goodness of fit is shown and finally the
capability of application of S-shape curve equations is proposed. By testing with more than 30 samples together with applying
curve fitting tool, the results show that Fredlund and Xing model is the most appropriate one to describe consolidation test
results.

KEYWORDS: S-shape curve, consolidation, curve fitting
TOMTAT

Muc tiéu cta bai bao la nghién clu viéc ing dung phuang trinh dusng dang S-shape dé biéu dién két qua thi nghiém nén
c6 két bang cach sir dung céng cu Curve Fitting Tool dua vao su phan tich cac thong s6 mé hinh bao gém SSE, R?, R? hiéu chinh
va RMSE. K&t qua thi nghiém nén cd két dugc vé moét cach hop ly va ba phuong trinh dudng cong clia céc tac gia Brooks and
Corey (1964), van Genuchten (1980) and Fredlund and Xing (1994) dugc dung dé mé ta s6 liéu két qua thi nghiém. Sy phu hgp
cGia m6 hinh dugc trinh bay va kha nang (ing dung cac phuong trinh dudng cong S-shape cling dugc dé xuat. Bang thuc nghiém
vGi hon 30 mau thi nghiém cling vdi viéc ting dung céng cu curve fitting, cho thdy mé hinh cla Fredlund and Xing la phu hop
nhat d€ mé ta thi nghiém nén c6 két.

TU KHOA: dudng cong S-shape, cé két, Curve Fitting
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EVALUATION OF EFFECTS OF UNDRAINED AND DRAINED CONDITIONS ON RAFT
FOUNDATION WITH DIFFERENT FACTORS OF SAFETY USING THREE DIMENSIONS
FINITE ELEMENT ANALYSIS

DANH GIA ANH HUGNG CUA PIEU KIEN KHONG THOAT NUGC VA THOAT NUGC TREN
MONG BE VOI NHUNG HE SO AN TOAN KHAC NHAU SU DUNG PHUGNG PHAP PHAN TiCH
PHAN TU HUOU HAN BA CHIEU

Tran Van Tuan, Nguyen Qui Ninh, Truong Quynh Nhu, Luu Duc Cuong

ABSTRACT

This paper presents the results of three dimensions finite element (3D FE) analysis of raft foundations with different factors
of safety (FS) in undrained and drained conditions. Three cases including Case 1 (FS = 1), Case 2 (FS = 2) and Case 3 (FS = 3) were
considered in this study. For each case, undrained and drained conditions were examined in the analysis in order to evaluate
variations of settlements of the foundations as well as ground surface settlement, failure mechanisms and failure zones.
Variation of ultimate bearing capacity was determined for undrained and drained conditions before considering three above
cases. The results showed that drained condition had considerable effects on the ultimate bearing capacity and settlement of
raft foundations as well as failure mechanisms and failure zones. When drained condition was applied to the models, the
ultimate bearing capacity of raft foundation increased 503% and the settlements of raft foundations increased about 39% in
Case 2 and 45% in Case 3 while decreased 91% in Case 1. Variation of failure mechanisms and failure zones was also figured out
and some discussions were given.

KEY WORDS: Raft, settlement, failure mechanism, failure zone, undrained and drained analyses.
TOM TAT

Bai nghién ctru nay trinh bay két qua cta phuong phéap phan tir hiru han ba chiéu (3D FE) phan tich méng bé véi nhiing hé
s6 an toan (FS) khac nhau trong diéu kién khéng thoat nudc va thoat nudc. Ba trudng hgp bao gom: trudng hgp 1 (FS = 1),
trudng hop 2 (FS = 2) va trudng hgp 3 (FS = 3) da dugc xem xét trong nghién ctiu nay. Méi trudng hop, diéu kién khong thoat
nudc va thoat nudc da dugc xem xét dé danh gia bién dong ctia d6 1Gn ca méng cing nhu [in bé mat, ca ché pha hoai va viing
phé hoai. Su thay déi cta suic chiu tai cuc han da dugc xac dinh trong diéu kién khéng thoat nudc va thoat nudc trude khi xem
xét ba trudng hgp trén. K&t qua da chi ra rdng diéu kién thoat nudc c6 dnh hudng dang ké 1én suic chiu tai cuc han clia méng bé
cling nhu ca ché pha hoai va viing phé hoai. Khi diéu kién thoat nuéc dugc ap dung cho mé hinh, stic chiu tai cuc han ctia méng
bé tang 503% va d6 lun clia méng bé tang khodng 39% & trudng hgp 2 va 45% & trudng hgp 3 trong khi tang 91% & truong hop
1. Viéc thay d6i co ché pha hoai va viing phé hoai cling dugc vé ra va mot s6 binh luan da dugc dua ra.

TU KHOA: B¢, d6 Iin, co ché phd hoai, viing phd hogi, phén tich khéng thodt nuéc va thodt nuéc.

DR. TRAN VAN TUAN

Department of civil engineering, Can Tho universisty, Can Tho, Vietnam.
Email: tranvantuan567@gmail.com corresponding author

Tel: 0901088944

NGUYEN QUI NINH

Master student, Division of hydraulic, Department of Agriculture, Can Tho, Vietnam
Email: nguyenquininh@gmail.com

Tel: 01667141976

TRUONG QUYNH NHU

Bachelor student, CanTho university, CanTho, Vietnam.
Email: nhunhu2929@gmail.com

Tel: 01644098276

LUU DUC CUONG

Bachelor student, CanTho university, CanTho, Vietnam.
Email: cuongcuong1717@gmail.com

Tel: 0901024097

173


mailto:tranvantuan567@gmail.com
mailto:nguyenquininh@gmail.com
mailto:nhunhu2929@gmail.com
mailto:cuongcuong1717@gmail.com

Vietnam — Japan Symposium on natural disasters
27 — 30 November 2018, Vietnam

DETERMINE GROUND WATER IN CENTRAL HIGHLAND IN VIETNAM
XAC BINH NUGC NGAM TAI KHU VUC TAY NGUYEN

Truong Quoc Thanh, Nguyen Xuan Kha, Nguyen Thi Nhu Dung, Do Quang Khanh, Tran Van Xuan

ABSTRACT

In the dry season, the demand using water for agriculture in central Highland in Vietnam extremely increases high. To face
this problem, the present study aims to investigate the groundwater accumulations present in the Central Highland in Vietnam
by geophysical methods. In this case, resistivity method is useful in the exploration for safe, quick and abundant groundwater.
Resistivity data interpretation was carried out using the measurement data to determine the depth to the layer contain
groundwater. The results of resistivity interpretation indicated that the depth of the groundwater surface is 30 to 50m. Eight
imagines electrical of Wenner array were measured with AB ranging from 200 m to 400 m at the study area. The results of the
guantitative interpretation of geoelectrical data indicated that the subsurface section consists of six abnormal resistivity zone;
and the bedrock below this zone has high resistivity. The groundwater contains in weather rock having high fractured and
porosity. The range resistivity of groundwater potential is 20-1000hm-m

KEYWORDS: Wenner array; resistivity, central highland, groundwater, fractured rock
TOM TAT

Vao mua khé, nhu cau st dung nudc cho néng nghiép & Tay Nguyén & Viét Nam cuc ky cao. DSi mat véi van dé nay, nghién
ctiu nay nham muc dich tim ki€ém cac mach nudc tai khu vuc Tay Nguyén bang phuong phép dia vat ly. Trong trudng hgp nay,
phuong phap dién tré suat dugc ap dung la hiéu qua trong trong qua trinh tim ki€ém khao sat nudc ngam moét cach an toan,
hiéu qué va nhanh chéng. Viéc minh giai tai liéu dién trd suat gilp xac dinh dé sau cta I6p dat da chiia nudc bén dudi. Két qua
minh giai dién tr& sudt cho thdy nudc ngadm tai khu vuc khado sat nam & do sau tir 30 dén 50m. C6 8 mat cat dién trg suat su
dung hé dién cuc Wenner dugc do khao sat trong khu vuc véi chiéu dai mat cat tir 200 dén 400m. K&t qua minh giai dinh lugng
tai liéu dién trd trong khu vuc da xac dinh dugc 6 déi di thudng dién trd sudt va I6p da mong bén dudi co dién trg suat cao
trong khu vuc nghién ctu. Nudc ngam dugc phat hién chia trong I6p dat da phong hoa c6 do rong va khe nit cao. Bdi chira
nudc ngam co gia tri dién trd suat dao dong trong khoang tir 20-1000hm-m.

TU KHOA: hé dién cuc Wenner, dién trd suat, Tay Nguyén, nuéc ngam, da nit né
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PREDICTION OF OILFIELD SCALE DEPOSITION ALONG THE WELLBORE:
FUNDAMENTALS AND APPLICATIONS

DU BAO SA LANG MUOI TRONG LONG GIENG: NEN TANG VA UNG DUNG

Lan Mai-Cao¥*, Bao-Tram Bui-Nguyen

ABSTRACT

In recent years, some oil producing wells in Cuu Long basin have had serious problems with oilfield scale deposition. Mineral
scales (mainly CaCOs) appears massively at high concentrations, causing obstruction of the pipe flow and thus leading to the
reduction in oil production. Although oilfield scale deposition problems have occurred quite frequently in Vietnam, they have
not attracted much attention from researchers.

The main contents presented in this paper include: (i) Calculation of the scaling tendency and the amount of scale
deposition when it occurs; (i) Study of the influences that flow dynamics has on scale deposition along the wellbore; (iii)
Prediction of mineral scale deposition in the well X-1.

The study on well X-1 shows that there exists mineral scale deposit (mainly CaCOs) with the estimated amount of scale
deposit greater thatn 12mg/L. In addition, the comparison between the results from this study with those from ScaleChem
software (OLI System) shows that the difference in results between the two approaches is insignificant (less than 1%) and thus
prove the reliability of the computational workflow used in this study.

In addition, an important contribution of this study compared to that by H.Long et al. (2016) [1] is that the influence of flow
dynamics on the mineral scale deposition was taken into account in predicting the amount of scale deposit along the wellbore
of X-1 with the combination of ScaleChem (OLI System) and PIPESIM (Schlumberger).

KEYWORDS: oilfield mineral scale deposition, scaling tendency, saturation index, thermodynamics, flow dynamics.
TOMTAT

Trong nhiing nam géan day, cac giéng khai thac dau khi & bé Clru Long, Viét Nam dang gdp van dé vé sa lang mudi rat
nghiém trong. Mugi vé co (cht yéu la CaCOs) xudt hién véi ham lugng 16n, gdy can trg dong chay trong hé théng khai thac va
lam sut gidm san lugng khai thac. Mac du sa 13ang mudi trong khai thac dau khi & Viét Nam xay ra kha phé bién, van dé nay van
chua dugc cac nha nghién ctiu quan tam ddng mdec.

Cac nodi dung chinh dugc trinh bay trong bai bao nay bao gom: (i) Xac dinh kha nang sa ldang mudi cling nhu dy bao lugng sa
ldng mudi trong 6ng khai thac; (i) Khdo sat anh hudng ctia dong chay trong giéng khai thac dén qua trinh sa lang mudi; (iii) Két
qua du bao sa ldang muéi trong giéng X-1.

Két qua nghién ctu véi giéng X-1 cho thdy c6 hién tugng sa Idng mudi trong qua trinh khai thac v6i ham lugng sa lang mudi
CaCOs trong giéng dy doan 1a hon 12 mg/L. Ngoai ra, viéc so sanh két qua tinh toan tir nghién ciru nay véi két qua tinh toan tu
phan mém thuang mai ScaleChem (OLI System) cho thay sai léch gilta hai két qua Ia rat nhé (dudi 1%) qua d6 khang dinh mdic
do tin cdy trong tinh toan nhiét dong luc hoc cda nghién ctu nay.

Ngoai ra, mét dong goép quan trong clia nghién cliu nay so véi cong trinh cdia H.Long et al. (2016) [1] la dua vao xem xét anh
huéng ctia dong chay dau khi trong giéng dén lugng mudi sa 1dng doc theo dudng 6ng khai thac clia giéng X-1 qua viéc két hgp
hai phan mém ScaleChem (OLI System) va PIPESIM (Schlumberger).

TU KHOA: sa Idng muéi vé ca, xu huéng déng cdn, chi s6 bao hod, nhiét déng luc hoc, déng luc hoc vé dong chay.
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SAND PRODUCTION POTENTIALS IN PETROLEUM WELLS AT VIETNAM
KHA NANG SINH CAT TRONG CAC GIENG DAU KHI TAI VIET NAM

Do Quang Khanh, Nguyen Tuan, Kieu Phuc

ABSTRACT

Sand production is usually related to petroleum wells in unconsolidated and weakly consolidated formations. The sand
produced during exploration and exploitation operations will seriously affect the reservoir quality, reduce the recovery factor,
cause rapid erosion of the equipment, etc. resulting in significant damages to the investors.

This study aims to predict the potentials of sand production in petroleum wells at Nam Con Son basin, offshore Vietnam. The
predictive model of sand production is established from reservoir geomechanical model using the shear failure criterion. It could
calculate critical pressures along the well depths such as critical bottom-hole pressures (CBHFP), critical drawdown pressures
(CDP), critical reservoir pressures (CRP). A calculating program written by MATLAB programming language is also developed to
describe the critical pressure charts along the well depths and allow to evaluate the impacts of parameters such as the depleted
reservoir pressures, rock strengths, etc.

Based on these obtaining charts and their analyses for the studied petroleum wells at Nam Con Son basin, the sand
production potentials are evaluated and predicted. The appropriate production depths of the studied wells will be selected to
mitigate the sand appearance, to have appropriate measures for well completion and production as well as to draw up a
reasonable reservoir management strategy.

KEYWORDS: Sand production, Critical drawdown, Shear failure, Vietnam.
TOM TAT

Sinh cat thuong lién quan dén cac giéng dau khi & nhiing thanh hé c6 két yéu va khdng c6 két. Cat dugc sinh ra trong qua
trinh tham do va khai thac dau khi sé &nh hudng nghiém trong dén chat lugng via chia, lam gidm hé s thu héi, nguyén nhan
lam an mon nhanh cac thiét bi, v.v... dan dén thiét hai dang ké cho cac nha dau tu.

Nghién ctu nay nham muc dich du doan kha nang sinh cat trong cac giéng dau khi tai bon triing Nam Cén Son, ngoai khoi
Viét Nam. M6 hinh du bao vé su sinh cat dugc thiét 1ap tir mé hinh dia co via chia st dung tiéu chudn hu héng cét. N6 c6 thé
tinh toan céc ap suat tGi han doc theo cac d6 sau than giéng nhu ap suat day giéng téi han, ap suat gidm thiéu téi han, ap suat
via chia téi han. Mot chuang trinh tinh toan dugc viét bai ngén ngi 1ap trinh MATLAB cling dugc phét trién d& mo ta cac biéu
dé ap suat t6i han doc theo d6 sau than giéng va cho phép danh gia nhiing tac dong ctia cac tham sé nhu ap suét via chia suy
kiét, d6 bén da, v.v...

Dua trén cac biéu d6 thu thap va phan tich cGa ching cho céc giéng dau khi dugc nghién cuu tai bén triing Nam Cén Son,
kha ning sinh cat dugc danh gia va du doan. D sau sinh cat thich hgp cla cac giéng dugc nghién cliu sé duoc lua chon d€ gidm
thiéu su xuat hién cat, nhdm c6 bién phap thich hgp dé hoan thién giéng va khai thac cling nhu xay dung mét chién lugc quan
ly via chtra mét cach hop ly.

TU KHOA: Sinh cdt, Giam dp t6i han, Hu hdng cdt, Viét Nam.

DR. DO QUANG KHANH
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Tel: 0936 39 77 33

M.E. NGUYEN TUAN
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APPLICATION OF CAPACITACE - RESISTANCE MODELS TO
SECONDARY OIL RECOVERY BY WATERFLOODING

Ta Quoc Dung, Pham Son Tung, Huynh Van Thuan

Faculty of Geology and Petroleum Engineering, Ho Chi Minh University of Technology

ABSTRACT

The capacitance - resistance model (CRM) is the result of the equivalence between a reservoir system and a RC circuit. To build
the CRM, we need to determine two variables, which are the time constant and the connectivity.

This study focused on three different control volumes for CRMs: 1) the volume of the entire field - CRMT, 2) the drainage
volume of each producer - CRMP, 3) the drainage volume between each injector/producer pair - CRMIP.

The CRM allows for quick estimation of the total rate. So that, to estimate the oil production rate needs to combine with
empirical oil fractional — flow models. This paper chose the Gentil model to use in conjunction with a CRM model and proposing
the forecasting of oil production rate.

This study evaluates the level of efficiency as well as the reliability of the CRM through two particular reservoirs. The first
reservoir is assumed as an entire reservoir, which has an injector and a producer. The CRMT was applied to the reservoir and
giving the estimated data quite close to actual data. The second reservoir, the 5 spot model was built in Computer modelling
group software (CMG), which provided injection/production data. The estimated forecast result, which was obtained after
applying CRMIP for this reservoir, was close to the result given by CMG. However, the oil rate had a relatively large deviation in
the forecast compared with CMG data, so the empirical parameters of the Gentil model need to be updated after a period of
time.

KEY WORDS: capacitance - resistance model, production forecast, oil secondary recovery, waterflooding.

THE GROUNDWATER RESOURCES SUSTAINABILITY OF THE UPPER - MIDDLE
PLEISTOCENE AQUIFER IN CA MAU PENINSULA UNDER IMPACT OF CLIMATE CHANGE
AND SOME OF ADAPTIVE SOLUTIONS

TINH BEN VUNG TAI NGUYEN NUGC DUGI BAT TANG CHUA NUGC PLEISTOCENE GIUA
TREN VUNG BAN DAO CA MAU DUGI TAC DONG CUA BIEN DI KHi HAU
VA CAC GIAI PHAP UNG PHO

Dao Hong Hai, Nguyen Viet Ky, Bui Tran Vuong

ABSTRACT

Ca Mau peninsula covers an area of 16,940 km?, including Ca Mau, Bac Lieu, Soc Trang, Hau Giang, Can Tho, and a part of
Kien Giang provinces, which have agriculture is the mainly activities of the people. Groundwater resource was extracted with
large quantities and have not yet controlled, combine with climate change in Ca Mau peninsula reduced groundwater levels and
saltwater intrusion in the aquifers. Therefore, to predict groundwater sustainability under climate change impacts, this research
used the results of the groundwater flow model, the salinity transportation model, and the recharging model to calculate the
Total groundwater abstraction/Groundwater recharge Indicator (Indicator 1); Groundwater depletion Indicator (Indicator 2);
Groundwater salinity indicator (Indicator 3). Calculated results show that the increase of Indicator 1: in 2015 there are 13/43
sustainable districts, 1/43 relatively sustainable districts, and 29/43 unsustainable districts. To the 2090 this index has changed
33/43 unsustainable districts, 1/43 relatively sustainable districts, and 9/43 sustainable districts. Indicator 2 in the 2015 there are
21/43 sustainable districts, 10/43 relatively sustainable districts, and 12/43 unsustainable districts. To the 2090 there are 7/43
sustainable districts, 12/43 relatively sustainable districts, 24/43 unsustainable districts. Indicator 3: in the 2015 there are 11/43
low salinity districts, 10/43 medium salinity districts, and 22/43 high salinity districts. To the 2090 there are 7/43 low salinity
districts, 11/43 medium salinity districts, and 25/43 high salinity districts. Study results show that the climate change has
impacted to all aquifers in Ca Mau peninsula, which increase the areas of unsustainable districts for the period from 2015 to
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2090. This study contributes to support the groundwater managers in activities of planning, management and exploitation of
groundwater resources more reasonable in Ca Mau peninsula.

KEYWORDS: sustainability indicator; groundwater in Ca Mau peninsula; groundwater sustainability; climate change.
TOM TAT

Ban dao Ca Mau c6 dién tich 16.940 Km?, bao gébm cac tinh Ca Mau, Bac Liéu, S6c Trang, Hau Giang, Can Tha, va mét phan
tinh Kién Giang. Khu vuc nay ngudi dan séng chl yéu la san xudt ndng nghiép. Nguén tai nguyén nudc dudi dat tai day dang
dugc khai thac véi trir lugng 16n, va chua cé chinh sach qui hoach va kiém soat hgp ly, thém vao d6 hién tuong bién déi khi hau
gay ra cac hién tugng xam nhap man va ha thap muc nudc trong cac tang chia nuéc trong khu vuc. Vi vay viéc du bao tinh bén
viing nguon tai nguyén nudc dudi dat dudi tac dong clia BDKH dua vao két qua ctia mé hinh dong chay nudc dusi dat, mo hinh
dich chuyén bién man, va két qua ctia mé hinh bé cap dé tinh toan cac chi s6 Téng lugng nudc khai thac/ lugng b cap nudc
dudi dat (chi s6 1); Chi s6 su suy gidm nudc dudi dat (chi s6 2); Chi s6 xam nhap man nudc dudi dat (chi s6 3). K&t qua tinh toan
cho thdy 6 su gia tang cla chi s6 1 nam 2015 c6 13/43 huyén bén viing, 14/43 huyén tuong déi bén viing va 29/43 huyén
khong bén vimng. dén nam 2090 chi s6 nay da thay déi, c6 33/43 huyén khéng bén viing, 1/43 huyén tuong d6i bén viing va 9/43
huyén bén ving. Chi s6 2 cho thdy ndm 2015 c6 21/43 huyén bén viing, 10/43 huyén tuong d6i bén viing, va 12/43 huyén
khong bén viing. dén nam 2090 chi s6 nay da thay d6i c6 7/43 huyén bén vimng, 12/43 huyén tuong d&i bén vimng, va 24/43
huyén khéng bén viing. Chi s6 3 nam 2015 ¢c6 11/43 huyén c6 muc d6 xam nhap man thap, 10/43 huyén c6 miic do xam nhap
man trung binh va 22/43 huyén cé muc d6 xam nhap man cao. Dén nam 2090 c6 sy thay di cos7/43 huyén cé muc xam nhap
man thap, 11/43 huyén c6 muic xam nhap man trung binh va 25/43 huyén c6 muic xam nhap man cao. Nhimng két qua nghién
cliu cho thay tac dong cla bién déi khi hau da tadc dong dén tat ca cac tdng chira nuéc trong khu vuc ban ddo Ca Mau, cu thé né
da lam gia tang cac huyén c6 cac chi s6 khéng bén viing tir nam 2015 dén 2090. Va nghién ctru nay Cung cap céng cu hé trg cho
cac nha quan ly trong cac hoat déng quy hoach, quan ly va khai thac nudc dusi dat & ban dao Ca Mau hgp ly hon.

TU KHOA: chi s6 bén viing, nuéc dudi ddt bdn dao Ca Mau, tinh bén viing nuéc dudi dat, bién déi khi hdu
DR. DAO HONG HAI

ASSOC. PRO. DR. NGUYEN VIET KY

Department of Geotechnics, Faculty of Geology and Petroleum engineering, Ho Chi Minh city university of technology (HCMUT)
E-mail: dhhai@hcmut.edu.vn, corresponding author

Tel: 0902040478

DR.BUI TRAN VUONG
Division of Water Resources Planning and Investigation for the South of Vietnam.

DETERMINE THE COMPONENTS OF LITHOLOGY - RATIO OF MINERALS AND
CHARACTERISTICS OF POROSITY AND PERMEABILITY IN FRACTURED BASEMENT

Nguyen Xuan Kha', Pham Xuan Son?, Nguyen Lam Anh? Hoang Van Quy?,
Truong Quoc Thanh', Nguyen Thi Y Nhi' Tran Van Xuan™

' Ho Chi Minh City University of Technology
2V/SP Research & Engineering Institute
Corresponding author: Tran Van Xuan (tvxuan@hcmut.edu.vn

ABSTRACT

The discovery of the oil in the basement of Bach Ho oil field in the Cuu Long basin of Viethnamese continental shelf since
1987, the oil in the fractured basement is more interested in the world. Especially for the fractured basement, the lithological
physics of the basement has not only played an important role in assessing the reserve but also directed the expansion of
exploration and exploitation at Bach Ho field. The fractured basement is characterized by complex geological structure,
heterogeneity, especially in lithological composition and porous system. This project involves collecting, correlation and
analyzing the data and perfomance methods of explaining well logging data in fractured basement at the specific well with the
support of FRP software-Well Insight. The results of calculating the total porosity and the proportion of highly reliable minerals
were verified by the high correlation coefficient between the theoretical and practical curves (GR: 98.69%, RHOB: 94.87%, DT:
86.81% NPHI: 96.35%), at last checked with sample data for reliable assessment.

KEYWORDS: Cuu Long Basin, fractured basement reservoir, FRP, well logging, porosity rock
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