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ABSTRACT

Even though Thailand is not located in the earthquake zone it does not mean we are safe
from such violent natural disaster, as evident in the 2004 Boxing Day Earthquake
triggered under the sea off the coast of Sumatra, Indonesia. The damage was enormous;
however, the most important thing was that over 200,000 people died from the incident
of which is invaluable. Nonetheless, it can be said that research activities involving

earthquake engineering in Thailand is very rare due to the lack of testing facilities.

The main purpose of this research was to design and build a shaking table that
moves in one direction only. This is because the past studies show that the uni-
directional shaking table also provides the acceleration similar to those generated by
actual earthquakes. In addition, it needs quite low budget to build one; and, to operate

the table does not need a specialist.

To verify the workability of the table, three test runs were performed. It was
found that the average value of g generated from the three tests is about * 2. This is well
over the g value generated by actual major earthquakes about 0.5 to 1.0 g. Thus, the
shaking table could be used to simulate the earthquake shaking thereby increasing a

number of research projects with respect to earthquake engineering in Thailand.

Keywords: earthquake, shaking table, uni-directional, acceleration, damage
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CHAPTER 1

INTRODUCTION

1.1 Research Context

An earthquake is a shaking of the land due to the rapid release of energy from the crust
of the Earth. It should be noted that the energy released may come from the movement
of the crust itself, the eruption of active volcanoes, and the explosion due to man-made
events such as underground nuclear experiments and mining activities. Thus, even
though earthquakes are regarded as natural phenomena, the source is not necessary from
the nature. For instance, an earthquake (Elnashai and Sarno, 2008) may be triggered by
the enormous volume of water because of the construction of a dam. If the bed rock
beneath contains joints and cracks, the water may be able to seep into. Eventually, the
excess pore water pressure may be high enough and is able to break the rock, thereby

producing shock waves.

When there is an earthquake, the consequences are as follow:
(1) There is damage to built environment and facilities (see Figure 1.1).
(2) The environment and geography are altered (see Figure 1.2).

(3) Lives and properties are lost (see Figure 1.3).

When a major earthquake occurs (i.e. an earthquake with a magnitude of 6.5 or
greater according to the Richter magnitude scale) there will always be damage. The
damage of properties could be easily approximated; but, the loss of human lives is
invaluable. Furthermore, when an earthquake strikes under the sea there might be
chances that a tsunami would also occur. It is virtually impossible to stop the walls of
water coming into shoreline. When this happens, the disastrous is predicable, as evident

in the 2004 tsunami that caused the damage to the countries around the Indian Ocean.
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Figure 1. 2 Soil liquefied because of the increase of pore water pressure in the 1989 Loma Prieta
Earthquake, California, USA (after FHWA website)

Figure 1. 3 Evidences of loss due to the 2008 Earthquake in China (after Eastvillagers website)
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Note that the 2004 tsunami was triggered by the earthquake that occurred undersea off
the Coast of Sumatra Island, Indonesia. The consequence is that over 200,000 died,
including people from Thailand, Indonesia, Malaysia, Burma, India, Bangladesh, Sri
langa, and as far as South Africa and Somalia. More recently, the 2011 tsunami in Japan
not only claimed several human lives, but also destroyed a nuclear power plant. Many
people died at the nuclear plant instantly; but, the radioactive leaked has caused so
much more damage. The consequence is that it might need years for the surroundings to

become clean again.

In the case of Thailand, even though not in the earthquake zones, it does not
mean we are safe from the earthquake shaking. This is because the shock waves
produced from a major earthquake can travel well over 100 kilometres. In addition,
Thailand hardly encounters the shaking from earthquakes thereby most Thais are
unacknowledged about the incident. Furthermore, there are very few academics and

researchers in Thailand conducting the research on this matter.

The behaviour of the land when encountering earthquake shaking is very
complex. Indeed, the earthquake is a kind of shaking land that cannot be seen
physically. To understand the behaviour it is therefore necessary to employ a
mathematical model to explain the phenomenon. This is of course not suitable for
general public to comprehend. The behaviour of an earthquake is very complex and not
consistent. Therefore, the research on earthquake has been done mostly by means of
visual observation together with model tests such as dams, buildings, and bridges. The
test results then are verified and adopted for the design for earthquake resistance. Please
note that a shaking table has been mostly employed for earthquake engineering
research. Figure 1.4 illustrates a model of tall building being tested by a shaking table.

Generally, a shaking table to be used in earthquake engineering research is a
one-off design and construction. This is because purchasing a commercial shaking table

is far too expensive thereby obtaining one is vitally the best option.

When an earthquake strikes, it is impossible for humans to stop the incident.
Moreover, with current technologies and knowledge, we are still unable to predict the

occurrence of the earthquake. Thus, we need to design and construct a structure to
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withstand a curtain magnitude of earthquake for a while in order that people inside

would be able to escape before the structure collapses.

Tt can be said that Thailand is an agricultural country. Each year we produce so
much agricultural wastes that most of them are burnt to get rid of. This is an easy
method but creates consequent pollutions. It has been known that some of the wastes
may be used for resisting and softening the shock waves. These included discarded tyres
and ashes from burnt agricultural products. However, to study the behaviour of those
wastes in terms of earthquake-resistant design a shaking table with the capability to

simulate the shaking produced by an earthquake is needed.

In Thailand, there are quite a few shaking tables. As such, it is almost impossible
to investigate and research on earthquake engineering in terms of experimental study.
After thorough investigation, it was found that it is quite possible to design and build a
shaking table with limited budget. The authors wish that this research would provide a
prototype shaking table that might be useful for future research on earthquake

engineering.

Figure 1. 4 Earthquake simulation for model building (after UC Berkley website)
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1.2 Research Objectives
The main objectives of this research are as follow:

(1) Investigate the advantages and disadvantages of the uni-directional shaking

table.

(2) Design and construct a uni-directional shaking table with a capability to
simulate the earthquake shaking with a limited budget of about 200,000
Baht.

(3) Perform a shaking test of the table to make sure that it can produce a
vibration similar to those produced by an earthquake in terms of

acceleration and frequency.

1.3 Research Methods

To achieve the aims of the research the first task was to establish a design for a uni-
directional shaking table construction. The design was based on two important factors:
(1) limited budget of 200,000 Baht and (2) one-direction shaking.

Then, the main power used to shake a table was selected of which was a
pneumatic actuator. The pneumatic system was chosen over the hydraulic system
because it is much cheaper as well as easier to operate. After that, a rail and bearing
units were designed to accommodate a table. They were designed and chosen very
carefully to lower the friction between the rail and the table as much as possible. This is

because the lower the friction the greater the acceleration obtained from the shaking.

The shaking table then was performed a real shaking test. To evaluate the
performance of the table, two accelerometers were employed. The sensors were
connected to a data acquisition system to monitor and record the signals. Finally, the
signals were analysed and compared to the actual acceleration produced by an

earthquake.
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REVIEW OF PREVIOUS WORK

2.1 Introduction

Generally, a shaking table comprises a (see Figure 2.1 a typical shaking table) power
unit (normally an actuator, either pneumatic of hydraulic powered) connected to a table
that placed over a rail and bearing system. To investigate the shaking behaviour of a
structure, a model is constructed and placed over the table. Then, the actuator moves
(shake) the table thereby producing the shock waves on the modelled structure.
Normally, a set of accelerometers are attached to both of the table and structure to
monitor and record the acceleration, velocity, and displacement. The signals are later

analysed to provide insight behaviour.

Figure 2. 1 An example of shaking table to be constructed (after SSHT Laboratory Website, John
Hopkins University)
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Figure 2. 2 Schematic diagram of a shaking table set up (after Yegian and Kadakal, 1998 )

Upon employing the accelerometers, the Finite Element Method (FEM) is also
used to analyse the shaking behaviour in details. Furthermore, a high speed digital
camera has also been employed to visually monitor the behaviour, both during and after
the shaking test. This is very important instrument as the modelled structure destroyed
during a test is quite expensive and time consuming to make. As a result, recording the

signals for later analyses is essential.

In general, the control of an actuator can be done by employing a computer
program such as Labview and Matlab. However, it requires a coding ability to control

the system. An example of shaking table test set up is illustrated by Figure 2.2.

2.2 Dynamics of Earth

To be able to comprehend the earthquake behaviour, it is necessary to have the
knowledge with regard to the internal structure of the Earth. Figure 2.3 illustrates the
section and distance of the Earth. The diameter of the Earth is about 12,750 kilometres.
Considering its internal structure, it can be seen that the Earth can be divided into four

layers:
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(1) The first layer is called Crust having a thickness of about 0 — 100

kilometres.

(2) The next layer is Mantle at which is further divided into two sub-layers
called Upper Mantle and Lower Mantle; this layer is approximately 2,900

kilometres thick. Note that the majority of this layer is molten rock.

(3) The third layer is called Outer Core having a thickness of about 2,200

kilometres; this layer mostly consists of molten rock same as the Mantle.

(4) The last one is called Inner Core. It is believed that this is a hard and solid
rock and mineral, based on the assumption that there is enormous pressure

acting on the layer thereby transforming liquid to be solid.

As described earlier, the causes of an earthquake are from several sources.
However, most major earthquakes were triggered from the movement of the crust layer
When considering Figure 2.4 it can be seen that the Crust is over the Mantle of which is
liquid (molten rock). This situation is quite similar to that of an egg. Nonetheless, under
the crust lies the high temperature molten rock. Furthermore, the temperature of the
molten rock is very varied, i.e., the lower the hotter. This inconstant temperature causes
a phenomenon called convection causing the molten rock flowing from bottom to top

thereby moving the crust.

Lithosphere
{crust and upper-
most sohd mantle)

Crust 0-100 km
thick

; Mantle

Crust /

Not to scale

6,31':‘-'.' xm

To scale

Figure 2. 3 Internal structure of Earth (after USGS Website)
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Figure 2. 4 Plate tectonics (after Fowler, 1990)

However, the problem is that the crust is not like an egg; it rather comprises
several plates. From current evidence, it was found that the crust comprises seven major
plates including Eurasia plate, Australia plate, Pacific plate, North America plate, South
America plate, Africa plate, and Antarctic plate, as shown in Figure 2.4.

During the movement of the crust there will be a friction at the boundaries
between each plate. Sometimes, a plate may travel through under another plate of which
this boundary is called a subduction zone, as shown in Figure 2.5. During a plate
subducting under another plate, if there is no resistance at the boundary the earthquake
will not occur. However, the edge of each plate is normally not smooth, but rather
crumpled. For example, if there is a friction in point X (see Figure 2.5) the movement of
the plates would be obstructed. At some time, however, the energy stored at the point
will be greater than the strength of the plate. The consequent is that the rock at the zone
breaks down thereby releasing huge energy that is called earthquake. Please note that
there are several causes that trigger the earthquake; but, the majority of the so called

major earthquakes have been from the movement of the plate.
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Subduction Zones

After Vigil, This Dynamic Planet, U.

Figure 2. 5 Subduction zone (after Biologyeducation Website)

2.3 Development of the Shaking Table

The most important characteristic of an earthquake is the shaking of the land caused by
shocked waves. The simulations of the earthquake as well as its effects on structures
have long been studied. However, as the earthquake characteristics are very complex, it
requires a high-technology device to study the behaviour. A shaking table has been
employed to study the earthquake behaviour; it has proved that the device is capable of
simulating an earthquake that is quite similar to actual ones. However, most of the
studies done using the shaking table need the knowledge of making a model. Also,
making a modelled structure requires the knowledge of using factors to be multiplied by
a prototype in order to obtain a model that is equivalent to the prototype. The details of
these procedures can be found in Iai (1989) and Wood et al., (2002)

Around the world, there are several types of the shaking table available.
Normally, its classification depends on the degree of freedom of a table. For example, if
there is only one direction of movement; this is call uni-axial or uni-directional shaking
table. The others include bi-axial and tri-axial shaking tables. But the most complex
shaking table is capable of moving in three directions as well as rotating in three

directions. This is called six degree of freedoms (DOF) shaking table.

In the past, it was believed that the tri-axial shaking table is the best in terms of
simulating the earthquake. However, building one of them is very costly, and

maintaining its functionality is very difficult. In addition, it requires a specialist to

10
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operate the machine. Considering these drawbacks the bi-axial shaking table seems to

be better in terms of building and operating cost.

Therefore, most laboratories and research centres around the world are turning
into the uni-axial shaking table. From the development and vigorously calibration, it has
been found that the uni-axial shaking table also provides similar results obtained from
the bi- and tri-axial shaking tables. For example, Sinha and Rai (2009) developed a uni-
axial shaking table at Indian Institute of Technology, India by selecting the components
that can be easily obtained, as shown in Figure 2.6. The developers claimed that the

results obtained from the shaking table are quite similar to the actual earthquake.

In the United States, the earthquake is quite common for most of the country. As
such, almost every university providing civil engineering course possess a shaking
table. For example, at the University of Central Florida, Doheny and Sivaselvan (2008)
developed a shaking table called Uni-Axial Shaketable Dynamics, as shown in Figure
2.7.

When closely considering both Figure 2.6 and 2.7, it can be observed that they
are very similar. This may imply that the design and built are most suitable. In addition,
both shaking tables are also similar to the table developed by Wallen and Larson (2007)
at the University of Colorado, Boulder of which also strengthens that the design is well
accepted amongst researchers. Therefore, the design was chosen to develop a shaking

table for this project.

Figure 2. 6 Uni-axial shaking table developed by Sinha and Rai (2009)

11
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Figure 2. 7 Uni-axial shake table dynamics developed by Doheny and Sivaselvan (2008)

12




CHAPTER 3

METHODOLOGY AND ASSEMBLY

3.1 Introduction

It can be said that in Thailand the research on earthquake engineering is lacking behind
its Asian counterparts. However, it may argue that the country is not located in a risky
zone such as Indonesia, Burma, Malaysia, and the Philippines. Nonetheless, every year
there are earthquakes that can be felt in Thailand even though the foci of the
earthquakes are outside the country. This is because the shock waves generated by an

earthquake can travel over a hundred of kilometres.

There are organisations that have been monitored the earthquake situation in
Thailand. These include Thai Meteorological Department, Electricity Generating
Authority of Thailand, Hydrographic Department of the Royal Thai Navy, and the
Royal Irrigation Department. Note that the majority of their work is to monitor the
occurrence of earthquakes as well as announce any relevant matters to the public. Also
note that there are few universities that are active about earthquake research such as
Asian Institute of Technology and Chulalongkorn University. However, compared these
figures to all of the universities in Thailand, it is a very small. It is therefore necessary

for Thailand to gear up for the research on earthquake engineering.

3.2 Controlling System Design

The philosophy behind this research was to design and build a uni-directional shaking
table that are low-cost and easy to operate. Yet, the signals generated from the table

must resemble the ones produced by actual earthquakes.
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Figure 3. 1 The design and control of the uni-directional shaking table

Due to restricted budget, a pneumatic actuator was chosen over a hydraulic one.
This is because the pneumatic actuator requires just an air compressed pump and some
valves and controllers. On the other hand, to operate and control the hydraulic actuator
needs more equipment and controlling system thereby building it would need much
higher budget. The control of the system of this project was designed so that it could be
operated both manually and automatically. The design of the uni-directional shaking

table for this project is illustrated by Figure 3.1.
3.3 Details of Components

The main part of the shaking table system is a pneumatic actuator made by SMC
Thailand Ltd. The actuator is placed over a steel platform designed by the authors. The
platform utilises a channel-shape structural steel. The table was built by means of space
frame using a small steel tube having ' by % in and 2 mm thick. The space frame shape
was chosen to be a table because it is lightweight yet stiff enough to withstand the

vibration during a shaking test. The stainless rail guide and very low friction bearings

14
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were employed to support the table. The details for each components of the table are

described below:
3.3.1 Pneumatic Actuator

The selected pneumatic actuator was manufactured by SMC Corporation and imported
by SMC Thailand Ltd. The actuator used to shake the table is an MBI series having 100
mm diameter of bore with a maximum stroke of 1000 mm. The shape of the actuator is
square, as shown in Figure 3.2. The followings are the main features of the actuator:
(1) The adsorption of kinetic energy is higher than other series.
(2) The problem of piston rod lurching due to cracking pressure at starting up
has been eliminated by means of floating seal mechanism.

(3) It is compact and lightweight.

(4) The sagging of the piston has been reduced by increasing the precision of

the bushing and piston rod, and reducing their clearance.
(5) ltis easy to adjust the cushion valve by just using a hexagon wrench key.

(6) The auto switch mounting grooves can be covered with resin fastener strips,

which adhere tightly to the tube to prevent the entry and accumulation of

dirt.

Figure 3. 2 Pneumatic actuator sitting of a steel platform
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3.3.2 Space-Frame Steel Table

The table which will be used to support a modelled structure was designed based on the
two requirements: (1) lightweight and (2) very stiff. These were achieved by means of

using steel tube having the dimensions of %2 in x 2 mm, as shown in Figure 3.3.
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Figure 3. 3 Space framed steel table

3.3.3 Bearing Units and Linear Rail Guides

The bearing units and linear rail guides are one of the most important components of a
shaking table. Their main function is to support the table. However, they must have a
very low friction so that the signals measured from the table are not interfered by
noises. Thus, the bearing units as well as rail guides were selected from NSK Global.
This is because its products have been used for this kind of projects around the world.
The bearing unit and rail guides are shown in Figure 3.4 and 3.5, respectively. They are
miniature PU series manufactured by using the cutting edge technologies from

semiconductors to medical equipment. Their main features are as follow:

(1) Improved materials and modified structures of the recirculation component

facilitate smooth circulation of steel balls.
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@)

3)
4)

&)

(©6)

(7

(8)

The ball slide is fabricated to be approximately 20 % lighter than
conventional models by the application of resin to a part of its body.

Steel ball collision is prevented by applying resin to the recirculation hole.
The structure of the ball slide is designed to prevent dust generation.

The labyrinth structure adopted for the side of the rails and the inner walls
of the ball slide allows effects equivalent to an under seal.

Corrosion resistant martensite stainless steel is used as a standard feature.

A retainer prevents steel balls from dropping out even when the ball slide is

removed from the rail.

Lubrication unit can be attached to the ball to achieve a long-term

maintenance free use.

Figure 3. 4 Bearing unit sitting on a stainless steel rail guide
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Figure 3. 5 Stainless steel rail guides fixed on a steel platform

3.3.4 Controlling Valves

The control of the actuator used to shake the table is by means of valves. These include
shuttle valve, air operated valve, mechanical valve, and filter regulator. The system was
designed to be able to shake the table both automatically and manually. To achieve the

purpose a small shelf was made to house all of those valves, as shown in Figure 3.6.

Figure 3. 6 Set of controlling valves for operating the actuator
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3.3.5 Accelerometers

To assess the workability of the table it requires the measurement of the acceleration
generated. The measured acceleration then is compared with the actual acceleration
produced by earthquakes. Also, the acceleration was measured using g scale (m/s?); if
the measured g value is about 1.0 g it may be said that a table is capable of simulating

the earthquake shaking. Please note that most major earthquakes produce about 0.5 g.

For this project, the acceleration from the table was measured by means of
accelerometers, as shown in Figure 3.7. The accelerometer was manufactured by a
renowned company called PCB Piezotronics. It is powered by simple, inexpensive,
constant-current signal conditioners. The sensor is easy to operate and interface with
signal analysis, data acquisition and recording instruments. Their important features are

as follow:
(1) Fixed voltage sensitivity, regardless of cable type or length.

(2) Low-impedance output signal, which can be transmitted over long cables in

harsh environments with virtually no loss in signal quality.

(3) Two-wire operation with low cost coaxial cable, two-conductor ribbon wire

or twisted-pair cabling.

(4) Low-noise, voltage-output signal compatible with standard readout, signal

analysis, recoding, and data acquisition equipment.

(5) Low cost per-channel, it requires only an inexpensive, constant-current

signal conditioner to operate.

Figure 3. 7 Accelerometer for measuring and recording the vibration generated by the shaking
table
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3.3.6 Data Acquisition System

The signals generated from the table and measured by the accelerometer were connected
to a data acquisition system for monitoring and recoding. This enables us to later
analyse the signals recorded. This research employed to following instruments to

monitor and record the signals during shaking of the table to assess its workability:

(1) NI Compaq DAQ chassis having four slots for up to four modules. It is
manufactured by National instruments, USA. Its functions include timing
control, synchronisation, and data transfer between up to four modules. It
can manage multiple timing engines to run up to seven separate hardware-
time I/O tasks at different sample rates in the same system. The chassis is

illustrated by Figure 3.8(a).

The module was connected to a PC using a common USB cable. The
NI CompactDAQ USB chassis provides the plug-and-play simplicity of USB
to sensor and electrical measurements. Available with one, four, and eight
slots, NI CompactDAQ USB chassis are designed for small, portable, mixed-

measurement systems on the benchtop or in the field.

(2) The module to be connected with a sensor and the chassis was NI 9234, It is
a four-channel C Series dynamic signal acquisition module for making
high-accuracy audio frequency measurements from integrated electronic
piezoelectric (IEPE) and non-IEPE sensors with NI CompactDAQ or
CompactRIO systems. The NI 9234 delivers 102 dB of dynamic range and
incorporates software-selectable AC/DC coupling and IEPE signal
conditioning for accelerometers and microphones. The four input channels
simultaneously digitise signals at rates up to 51.2 kHz per channel with

built-in antialiasing filters that automatically adjust to your sampling rate.

Each simultaneous signal is buffered, analogue prefiltered, and
sampled by a 24-bit deltasigma analogue-to-digital converter (ADC) that
performs digital filtering with a cutoff frequency that automatically adjusts
to your data rate. The NI 9234 features a voltage range of +5 V and a
dynamic range of more than 100 dB. In addition, the module includes the

capability to read and write to transducer electronic data sheet (TEDS) Class
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1 smart sensors. The NI 9234 provides +30 V of overvoltage protection (with
respect to chassis ground) for IEPE sensor connections. The NI 9234 has
three software-selectable modes of measurement operation: IEPE-on with

AC coupling, IEPE-off with AC coupling, and IEPE-off with DC coupling.

The NI 9234 uses a method of A/D conversion known as delta-sigma
modulation. If, for example, the data rate is 25 kS/s, then each ADC actually
samples its input signal at 3.2 MS/s (128 times the data rate) and produces
samples that are applied to a digital filter. This filter then expands the data to
24 bits, rejects signal components greater than 12.5 kHz (the Nyquist
frequency), and digitally resamples the data at the chosen data rate of 25
kS/s. This combination of analogueue and digital filtering provides an
accurate representation of desirable signals while rejecting out-of-band
signals. The built-in antialiasing filters automatically adjust themselves to

discriminate between signals based on the frequency range, or bandwidth, of

the signal. The module is illustrated by Figure 3.8(b)

(d)

Figure 3. 8 Data acquisition system (a) chassis (b) modul to be connected between sensors and the
chassis (c) an accelerometer connected to the module that is wired to a computer (d) complete set
up of data acquisition system
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3.4 System Building Procedures

The procedures of building the uni-directional shaking table for this project is as follow:

¢y

2)

3)

(4)

)

Reviewed the literature and previous shaking tables: This step was to read
papers related to earthquake engineering and building a shaking table as
many as possible. First, it emphasised on the building cost for different
powered systems such as pneumatic, hydraulic, and motor. It was found that
using an actuator powered by pneumatic is the cheapest option. In addition,
the control of the actuator is not very complex. But, the most advantage is
that it is very easy to operate and need not advanced knowledge about
mechanical engineering. Finally, a pneumatic actuator having a bore of 100

mm with a maximum stroke was chosen.

Designed and built a space-framed steel table: Most papers investigated do
not give more details about the shape and material used to make a table.
However, they do provide dimensions and capacity. As such, the table for
this project was designed from the ground up based on the principles that it

should be lightweight yet very stiff when encountering simulated shaking.

Selected the bearing system to support the table: This step was very
straightforward. It needed only the investigation of products available in the
market. However, the selection was based on the requirements that the
system must have very low friction so that the table can move as much
freely as possible. This is because if there is too much friction during
shaking there might be noise in the signals thereby interpreting the recorded

acceleration would be difficult.

Assembly the system: This step was simply to assemble every single
component together to become a single-unit shaking. This took a day to
finish.

Run the system to evaluate its workability: After the table was complete, it
needed to be tested to ensure it functions as designed. The test run was

carried with various frequencies; and, the signals generated were monitored
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and recorded for further analyses of which will be described in the next

chapter.
3.5 Final Assembly

The final assembly of the shaking table designed and built by this project is illustrated
by Figure 3.9. It should be noted that the operation of the table would not be possible
without a data acquisition system. This is because it is vital for knowing what the
acceleration is the table is generating. Knowing this would enable an operator to adjust
the frequency of the table thereby producing the acceleration that is similar to that

generated by the actual earthquake.

Figure 3. 9 Final assembly of the table attached with accelerometers and data acquisition system
readily for shaking test




CHAPTER 4

TEST RUNS AND RESULTS

4.1 Set Up for Test Run

Earthquake is a kind of natural disaster. It has long been witnessed that when it happens
the consequences would be very devastated. Unfortunately, even with current
technologies and knowledge we are still unable to accurately predict the incident in
terms of both time and magnitude. Even though Thailand is not in the ring of fire zone,
it does not mean we are safe from the earthquake. For example, the 2004 undersea
earthquake off the coast of Sumatra, Indonesia claimed over 8,000 Thai and other
national people. Note that these figures were just about the people died in Thailand; but,
around the world over 200,000 died. Nonetheless, the majority of Thai people have very
little knowledge about the earthquake. In addition, the research activities involving
earthquake in Thailand are very few, compared with its Asian counterparts. It is
therefore vital for Thailand to put more efforts on the research with regard to this
matter. This will not only provide in-depth knowledge about the earthquake, but also to
promote and bring it up for the general public in order to making people aware of the

incident of which in turn would make them safer when encountering an the earthquake.

The purpose of this research was to design and build a uni-directional shaking
table that is capable of simulating the earthquake shaking in order to be used to conduct
further research on earthquake engineering. Therefore, it was vital to conduct test runs
to certify that the shaking table could be used for the purpose of earthquake engineering

research.

To set up for the test run of the table, it simply assembled all of the components
together. However, one of the most important parts of certifying the workability of the
table is the ability to visual the signals generated by the shaking table. This was
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achieved by employing a data acquisition system manufactured by National Instruments

together with the accelerometers provided by PCB Piezotronics.

The complete set up of the shaking table for the test run to certify its workability
is illustrated by Figure 4.1. Also, the complete set up with data acquisition is illustrated
by Figure 4.2. Figure 4.3 shows the shaking table is being tested. To ensure that the
shaking table would be used to simulate the earthquake shaking, three test runs were
performed; and, the results were averaged. Then they were compared to the signals

generated by actual earthquakes.

Figure 4. 1 Complete set up for test run of the shaking table, together with data acquisition system

25




Chapter 4 Test Runs and Results

Figure 4. 2 Test run in progress

Figure 4. 3 The signals generated by the shaking table is being monitored and recorded for further
analyses
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4.2 Results and Discussion from Test Run 1, 2, and 3

To verify the performance of the shaking table three test runs were conducted. The
acceleration signals generated during testing for the Test Run No. 1, 2, and 3 are shown

in Figure 4.4, 4.5, and 4.6, respectively.

It was observed that the average acceleration in terms of g values for the Test
Run No. 1, 2, and 3 are around + 2. It should be noted that normally the g values
obtained from major earthquakes are just about + 0.5 to 1.0 g. For example, Figure 4.6
displays the acceleration recorded from the 1989 Loma Prieta Earthquake occurred in
the United States having a magnitude of 7.0; its maximum acceleration was about 0.7 g.
Also, Figure 4.7 displays the acceleration recorded from the 1995 Kobe Earthquake

occurred in Japan having a magnitude of 6.9; its maximum acceleration was about 0.8 g.

Comparing the acceleration generated from the shaking table built by this project
to the recorded accelerations from actual earthquakes, it may be concluded that the
shaking table could be used to simulate the earthquake shaking. It also implies that the

table could be successfully used to conduct the research on earthquake engineering.
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Figure 4. 7 Recorded acceleration from the 1989 Loma Prieta Earthquake indicating a maximum
value of about 0.7 g (Earthquake magnitude = 7.0) (after UC Berkley website)
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Figure 4. 8 Recorded acceleration from the 1995 Kobe Earthquake indicating a maximum value of
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CHAPTER §

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Earthquake is the shaking of the land due to the rapid release of energy. Even though it
is regarded as a natural phenomenon; but, in fact it can also be originated from man-
made activities such as mining and underground nuclear testing. There are over 3
million earthquakes happening each year. However, most of them are not the danger to
humans and properties. An earthquake with the magnitude of about 6 and greater is
regarded as major earthquake at which is capable of damaging human lives and the
environment. However, from the history, it was found that by average there are about 20
major earthquakes a year. This figure seems to be insignificant. However, when the
major earthquake strikes; the damage is predictable as the population is rapidly

growing, and they tend to inhabit in the area that is prone to the earthquake.

From evidences, it can be said that Thailand is not safe from the earthquake at
all. For example, we lost so many lives from the Boxing Day 2004 earthquake.
However, the research with respect to earthquake in Thailand is not up to the level that
it should be. The authors of this research were aware of this issue, thereby proposing to
develop a shaking table in order to be used to conduct the research on earthquake

engineering.

The shaking table was designed and built from the ground up based on the
restricted budget. All of the components used can be purchased from general suppliers.

After the completion of the table and test runs, the below conclusions have been drawn:

(1) The design was based on the restricted budget of approximately 200,000
Baht.
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2)

©)

@

The movement of the table was confined to one direction only. This is
because of the limited budget. However, one-directional shaking table is
easier to build and need not advanced knowledge regarding both

Mechanical and Electrical Engineering.
To verify the performance of the table, three test runs were conducted.

The accelerations recorded from the table during the test runs indicated a g
value of about 2.0. Comparing this result to the g values from actual
earthquakes of about 0.7 to 0.8 g, it may be said that the table are able to
simulate the earthquake shaking. This implies that the table could be used to

conduct the research on earthquake engineering.

5.2 Recommendation for Future Work

Based on the experiences, test results, and analyses, the following recommendations

have been drawn.

(1)

)

()

)

Based on this design, the table should be further developed to be able to
operate automatically. However, this requires advance knowledge with
respect to both programming and electrical engineering. Therefore, it
recommends to further research by cooperating with computer scientists and

mechanical and electrical engineers.

The rail guides and bearing units used to support the table should be bigger

to reduce the noise from the signals generated.

Based on this design, the power of the table may be hydraulic. This may

make the control of the system easier.

Further research should be done by adding one or two more actuators in
order to be able to move the table in two or three directions. This will
generate the acceleration that is more similar to those generated by actual

earthquakes.
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5.3 Output of This Research

Some information of this research is being in the process of publishing; an abstract
submitted to 18™ National Convention on Civil Engineering has been accepted. The full
paper will be submitted in the end of January 2013. In addition, the shaking table has
been accepted by the National Research Council of Thailand to be exhibited in
Inventor’s Day 2013, which will be held during 2 — 5 February 2013.
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