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THE WORLD SEISMIC SAFETY
INITIATIVE — WHAT WE DO
AND DO NOT DO

TSUNEO KATAYAMA
Tokyo Denki University, Tokyo, Japan
katayama@cck.dendai.ac.jp

ABSTRACT

The World Seismic Safety Initiative (WSS) was established in 1992
following the decisons made by the International Association for
Earthquake Engineering (IAEE) during the 10th World Conference on
Earthquake Engineering (1OWCEE) in Madrid in support of the United
Nations “ International Decade for Natural Disaster Reduction (IDNDR).”
IDNDR was a brainchild of earthquake engineering professionals, because
its original concept was presented in 1984 by Dr. Frank Press in his
Keynote Speech during 7WCEE in San Francisco.

Although TAEE endorsed the idea and recommended its prompt
implementation, there had been difficulties for IAEE to take any definite
actions because of its structural weakness. The proposal of the Decade,
however, gained the attention of academic institutions and associations
worldwide, and, in December 1987, a United Nations (UN) General
Assembly Resolution declared the 1990's as the UN’s IDNDR (1990-2000)
to promote internationally coordinated efforts to reduce losses caused by
natural disasters, especially in developing countries.

WSS was incorporated in Sngapore in May 1995 as a non-profit
public benefit company, and is operated by its international Board of 15
Directors. Snce its foundation, WSS has been actively working to make
concrete measures to mitigate losses causes by earthquakes especially in the
Asian developing region. WSS tries to make visible outcomes, however
small they may be, because disasters respect our actions, not our words.

WSS holds High Level Meetings to help raise public and government
awareness of earthquake risk in the decision-making sector. We carry out a
project to facilitate the redistribution of seismometers to be replaced in the
U.S to developing countries. Awards have so far been given to Armenia,
India, China (2 places), and Bangladesh with a total number of about 400
such seismometers.

WSS is not a funding agency. WSS triesto trigger local high efforts,
build on and encourage local resources, and to help identify and prioritize
local actions. We also attempt to assist in adding credibility to local efforts.
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1. PRE-HISTORY

More than 20 years have passed since we heard Frank Press' keynote
address in San Francisco during the eighth World Conference on
Earthquake Engineering (8WCEE) in 1984. He proposed in his speech an
idea of establishing the International Decade for Hazard Reduction in witch
all nations join forces to reduce the consequences of natural disasters. He
emphasized what better way to start the new millennium than a world better
organized to reduce suffering from natural disasters.

Researchers are often simple-minded. IAEE endorsed the idea and
recommended its prompt implementation without realizing difficulties to be
met once the idea would materialize. During the following four years until
earthquake engineers met again in Japan for the WCEE, no progress or any
efforts to make progresses had been made among earthquake engineers and
scientists.

The biggest change for me, however, was that | had been appointed to
be Secretary General of IAEE. The International Decade for Natural
Disaster Reduction (IDNDR) was to be inaugurated in 1990 as an official
UN project. We knew that IDNDR was our brainchild. 1AEE again
adopted a resolution, and urged Secretary General to take some actions to
support this very worthy project. All that IAEE did, however, was to
establish a small IDNDR committee. People often ironically say there is no
crisis to which academics will not respond with a committee or a workshop.

The IAEE was established in 1963 to promote international
cooperation among scientists and engineers in the field of earthquake
engineers with its Central Office in Japan. The members of IAEE are
national or regional organizations. There are about 55 members in the
Association. Although IAEE is very visible through the World Conference
on Earthquake Engineering (WCEE) held every four vyears, its
administration is not well organized, and until very recently there were no
dues for member counties. The WCEE is held by the sole responsibility of
its inviting member country. Most of important businesses are managed
through the General Assembly of Delegates and the Executive Committee
Meeting, both held during WCEE.

Creation of the committee turned out to be only superficial, and it took
three years to organize a small meeting in Tokyo in October 1991. The
meeting was an occasion of harsh self examination. The meeting resolved
that IAEE should make any structural changes that will facilitate its ability
to promote the earthquake engineering program for the Decade, and that it
should prepare a working paper on the IAEE's role in the Decade so that
discussions would be made during 10WCEE scheduled in Madrid in 1992.

The 10th WCEE was held in Madrid in July 1992. During this
Conference, it was everybody understands that, unless a special initiative is
established with the capacity of gathering people and funds, the possibility
for IAEE to have a significant impact on IDNDR was remote. IAEE

2 New Technologies for Urban Safety of Mega Citiesin Asia



ICUS Report 27

decided to form the World Seismic Safety Initiative (WSSI) as a new
undertaking of 1AEE in support of IDNDR with the goals to disseminate
state-of-the-art earthquake engineering information throughout the world, to
incorporate experience and research findings into recommended practices
and codes in earthquake-prone countries, and to advance engineering
knowledge through problem-focused research. Our understanding is that
disasters respect our actions, not our words. The first Board of Directors
Meeting of WSSI was held in Tokyo in September, 1993.

WSSI was incorporated in Singapore in May 1995 as a non-profit
public benefit company under the name, "World Seismic Safety Initiative
Ltd." Incorporation was necessary for liability and fund-raising reasons.
The non-profit terms of incorporation are favorable to tax status. As of
October 2007, WSSI is operated by its international Board of 15 Directors.
Seven Directors are from Asia, 4 from North America, 2 from New Zealand,
and 2 from Europe. The present Chairman is Haresh C. Shah. The
Directors meet in Singapore at least once a year.

2. BANGKOK WORKSHOPS

In January 1993, the Scientific and Technical Committee (STC) of IDNDR
was held in New Delhi, India. Prof. Shah and Katayama attended this
meeting and proposed WSSI as a new IDNDR project. WSSI was officially
approved as an International and Regional IDNDR project.

Immediately following the STC in India, WSSI held a workshop,
“Seismic Risk Management for Countries of the Asia Pacific Region” in
early February 1993 in Bangkok as its first initiative. The Asia Pacific
region historically has experienced extensive economic and human losses
from earthquakes (You only have to remember the recent damaging
earthquakes in Iran and Pakistan, and the devastating Tsunamis in the Indian
Ocean.) The region in recent decades, however, has been going through
major urbanization and economic development.

It was thought, therefore, most appropriate for WSSI to compile a
status of earthquake mitigation policies and plans in place in the countries of
the Asia Pacific region. We invited about 30 participants from 19 countries
to a golf club in a suburb of Bangkok. Participants from developing
countries were invited. There were participants from such countries as
Bangladesh, Brunei, Malaysia, Myanmar, Nepal, Pakistan, Thailand, and
Vietnam. Undisturbed by the noise from the city of Bangkok, all of us
freely and sincerely discussed the dilemma we faced. The challenge was to
find the right combinations of actions that would mitigate the earthquake
risk through integrated strategy, consistent with the available resources of
these countries and aspirations of their citizens.

This first modest but definitive step of WSSI turned out to be a great
success beyond any expectations. We strongly felt that WSSI was not going
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to be another paper organization, and that we could make a dent in
managing earthquake risk in developing countries.

Participants reported on the state-of-the-art in earthquake engineering
in their countries. They commented on how the available knowledge is used
or not used in developing earthquake disaster mitigation strategies. =~ They
requested WSSI to help raise public and government awareness of
earthquake risk in the decision-making sector, in particular. Towards this
objective, WSSI recognized the importance of holding High Level Meetings
to be attended by government officials, business leaders, people from social
and cultural institutions, as well as the mass media.

The greatest asset from the Bangkok Workshop is the feeling of
partnership we cultivated among all the participants from developed and
developing countries in the field of earthquake disaster mitigation science.
Whenever we face hardship in managing WSSI, we remember the Bangkok
Workshop and the colleagues who have the common goal to mitigate the
earthquake calamity.

Two follow-up workshops were held in Bangkok approximately every
5 years to review what effects WSSI had made since the first workshop in
1993. Each of the 3-day workshops cost about 35,000 US$ including air
fares and accommodation for all the participants from developing countries.

3. HIGH LEVEL MEETINGS

WSSI has so far held more than ten High Level Meetings (HLM) in such
cities as Kuala Lumpur (Malaysia), Singapore, Kathmandu (Nepal), Dhaka
(Bangladesh), Colombo (Sri Lanka), Yangon (Myanmar), Hanoi (Vietnam),
Kampala (Uganda), and Ulaanbaatar (Mongolia). HLM has become the
most important activity of WSSI. It, however, is a long-ranged educational
project in which short-term outcomes are difficult to expect.

One-day lecture meeting for a wider audience interested in disaster
problems usually accompanies an HLM. In the case of the HLM held in
Kampala (Uganda), in December 1997, the President of Uganda delivered a
keynote speech to more than 300 professionals, and promised the
government's commitment to provide increased resources.

Preparation of HLM is made by local hosts, and WSSI Directors and
resource person(s) attend it with their own funds. Past experiences have
clearly indicated that good partnership and strong personal ties between the
local hosts and WSSI are always essential for a successful HLM.

| remember the Myanmar HLM in 1996 which turned out to be an
absolute failure. A participant from Myanmar in the first (1993) Bangkok
Workshop requested WSSI to hold an HLM in Yangon while both of us
were in Bangkok. Myanmar was not an easy country to visit in those days.

4 New Technologies for Urban Safety of Mega Citiesin Asia



ICUS Report 27

We could not get through to a person we wanted to talk on the phone.
Answers to our faxes were hard to come. It was impossible to adequately
prepare the meeting at all. But we were optimistic, because we had
successfully held six HLM’s by then. We thought that things should go
well once we were there.

When we arrived at the country, however, we found nothing had been
prepared for the HLM and there was no person to talk to. We visited, one
by one, a university, the national railway company, and several other
disaster-related organizations. Nobody knew about WSSI nor showed any
interest in earthquake disaster mitigation in Myanmar. But when we left the
country, we were still optimistic. Our friend from the Bangkok Workshop
came to see us on the morning of our departure to tell us that the next time
should be different.

And the “next” time came soon. During our first visit, we found that
there were only few seismologists and earthquake engineers in the country,
and that there was almost no strong-motion seismometer in Myanmar. With
the assistance of a Japanese geotechnical consulting firm, WSSI donated
several strong-motion seismometers. Also through the same company,
WSSI invited two scientists to Japan to teach how to handle the instruments.
As the result of these and other continued grass roots efforts, we received in
1999 an official invitation from Myanmar to hold an HLM and a special
lecture meeting there.

Following this invitation, in February 2003, a group of 7 WSSI-
related volunteers from 5 countries traveled to Myanmar to present an
introductory course on earthquake engineering and to encourage Myanmar
to develop a university program for earthquake engineering as well as an
earthquake resistant design code. The course was a collaborative effort
between WSSI and the government of Myanmar, and attended by more than
30 engineers and scientists. Before the course started, Minister for
Transport welcomed WSSI members to Yangon. He made a speech about
the recent developments in Myanmar, stating how grateful he was for the
WSSI visit.

The timing of the course was appropriate since Myanmar at that time
was considering allowing construction of buildings considerably taller than
10 stories and there was governmental concern about the earthquake
resistance of these structures. They had established the Myanmar
Earthquake Society. Resolutions involving a discussion about the best way
to further develop earthquake engineering in Myanmar were made and
voted on. It was decided that a building design code should be written first
since building design, and commercial development using buildings, are
often controlled by private industry. If a design code for buildings can be
developed and building regulations can be enforced, then it should be
relatively easy to develop enforceable codes for other structures over which
government control is likely to be stronger.
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A workshop with an emphasis on geophysics and faults in Myanmar
was held in Yangon in early 2007. It was found that a building code was
being written. A longer course on earthquake engineering was being
planned to be given by one of the WSSI Directors, but it had to be
postponed because of the recent political turmoil in the country. The
experiences with Myanmar have taught us many things, especially the
importance of the continued grass roots efforts in the international
cooperation.

4. THE POLICY OF WSSI REGARDING FUTURE HLM

When we held the 12" WSSI Board of Director’s Meeting in Singapore in
December 1999, IDNDR was almost coming to an end in year 2000. We,
however, decided to continue the activities within WSSI beyond year 2000,
and adopted an official policy of HLM based on the past experiences. |It,
however, was thought necessary for WSSI to define more objectively the
roles of the HLM for future. This was especially important because our
resources are extremely limited.

The objectives to be achieved by HLM’s were summarized as follows:

To trigger local high level efforts,
To build on and encourage local resources,
To sensitize people, professionals, administrators and
politicians,
To help identify and prioritize local actions,
To assist in developing local sustainability through local efforts,
To assist in adding credibility to local efforts,
To assist in local efforts in fund raising activities, and
To assist in national networking.

Priority should be given to situations dominated by a combination of
high seismic risk and low preparedness. More emphasis should be placed
on the latter, and attention should also be given to countries with
medium/low seismic risk but low preparedness. In order that precious time,
energy and money will not be wasted, it may be necessary to seek dialogues
between local people and WSSI before an HLM is planned.

Given the nature of a typical HLM, it should not be repeated in the
same country. It should be understood that it usually takes time to achieve
the goals set by WSSI, and it will not be appropriate to expect instant
improvement after an HLM. It may be necessary for us to maintain a
dialogue in order to encourage further local development. WSSI may help
developing countries establish courses in earthquake engineering, disaster
management, etc. to further increase the local awareness in earthquake
disaster mitigation.
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5. SAFER CITIES PROJECTS

Another successful and visible activity of WSSI is the Safer Cities Project.
This is a joint initiative of WSSI and the COSMOS (Consortium of
Organizations for Strong-Motion Observation Systems) of the U.S. The
Safer Cities Project stands for Strong-motion Accelerographs For
Earthquake Loss Reduction in Cities. The Project intends to benefit
societies by redistributing unused strong-motion instrumentation to non-
profit organizations for educational and nonprofit purposes in urbanized
areas with few such instruments to record the next damaging earthquake.

Strong-motion seismometers in many of the COSMOS agency
programs are being replaced with recent versions of instrumentation more
suited to individual agency’s need. The instrumentation being replaced is
often in good working order, but no longer meets the requirements of the
host agency. Towards extending their useful life, this project will facilitate
their redistribution to developing countries. Awards have so far been given
to Armenia, India, China (two areas), and Bangladesh with a total number of
nearly 400 such seismometers.

The project provides instruments to acquire quantitative strong-
motion measurements in buildings and on the ground in order to adequately
rebuild damaged cites following major earthquake disasters and to initiate
strong-motion measurement programs in urbanized areas in order that cites
with high seismic risk might acquire critical recordings needed to reduce
earthquake losses. It is hoped that such a project will stimulate awareness
and action to mitigate earthquake hazards in densely urbanized regions
throughout the world,

Transfer cost should be borne by the awarded organization, and
instrumentation transferred under the signed agreement among WSSI,
COSMOQS, and the awarded organization shall be used for educational and
non-profit purposes with no options for resale. Installation of instrument
and a written report describing installations with maps of locations shall be
provided within one year of receipt of instruments, and COSMOS s
responsible for digitization of recorded data.

6. INTERDISCIPLINARY OBSERVATON OF THE 2001 BHUJ,
GUJARAT, EARTHQUAKE

When we heard that the Bhuj earthquake had hit the northwest region of the
State of Gujarat, India, on January 26, 2001, we all knew that, like many
earthquakes in recent times, numerous academic, professional, and
humanitarian organizations in developed countries would send teams of
experts to study to publish reports which would focus individually on
scientific, technical, economic and social issues. (This did take place in the
case of the Indian Ocean Tsunamis.)
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WSSI came up with an idea of assembling a unique reconnaissance
team from developed and developing countries around the world with
different interests and different professional backgrounds. A team of 21
members from 13 countries was sent to the site to conduct an eight-day trip
visiting 11 cities/towns/villages in the hard-hit region.

This was the first experiment to look at the earthquake consequences
as a learning process for many individuals from developing countries.
Without such an experiment, many of the team members would not have
been able to have the opportunity to be on the damaged site to see the
technical, economic, scientific, social, and political forces that contributed
to the death and destruction.

This has been a fascinating experiment and it has brought about a
resounding success in terms of how we can raise awareness about
earthquakes and their aftermath. The well-planned reconnaissance cost
WSSI only 30,000 US$ altogether, but it required huge efforts of voluntary
work by some of the WSSI Directors and WSSI-related persons to realize it.

The reconnaissance culminated in a unique report beginning with the
following sentences:

It is the dawn of the 51st Republic Day of India, January 26,
2001. Some 400 students with their teachers are marching toward
the town hall of Anjar to participate in the flag hoisting ceremony in
observance of the India Public Day. There is dight chill in the air
on a clear and sunny morning, quite usual during the winter days.
The students, future leaders of republic India, are marching through
very narrow streets — perhaps less than 10-ft wide — of downtown
Anjar, singing popular patriotic songs. The narrow streets are
surrounded by 2-story stone/masonry buildings. Suddenly, the earth
beneath them snaps, first making a loud noise as if a bomb went off,
folloned by violent ground shaking that lasts for over a minute,
A cloud of dust arises making it difficult to see what has happened.
When dust clears, the surrounding buildings are no more standing.
The violent shaking of the earth has leveled them burying under its
rubble the marching students and teachers, and some inhabitants of
the buildings that have collapsed. Joyful singing turns into painful
screams for help. Very few students and teachers escape injury or
death; most of them perish, leaving their parents and loved ones
behind. It is a sight that Anjar would not forget a very, very long
time to come.

I have never read such moving sentences in any reconnaissance
reports written by scientists from developed countries. The report of the
team was well received worldwide. We believe that the make-up of the
team, the purpose of the reconnaissance, and the unique and refreshing way
of learning from this earthquake should become the standard under which
future such efforts will be formulated. However, this has not realized in any
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of the recent damaging earthquakes, and hundreds of similar reports are
being published by groups of so-called experts from developed countries.

7. IMPORTANCE OF SMALL BUT WELL-FOCUSED PROJECTS

There are many local and international aid bureaucracies promoting the
disaster risk reduction in developing countries. In many cases, those who
benefit are the people involved in the preparation and implementation of aid
projects. People in decision-making positions do not understand the
importance of problems associated with natural disasters. They do not work
closely with non-governmental organizations, but only with the national
governments.

Disaster management projects in developing countries are often based
only on imported technology and methods developed in industrialized
countries. If there is not a proper adaptation of this technology to meet the
local conditions and needs, the implementation of such projects results in
misallocation of investments. In developing countries, regional data is not
available, which is essential to make the imported methods effective. What
developing countries need is not new technology but old well-tested
technology that brings important benefits at low costs.

Large, expensive projects with very broad and general objectives only
multiply an already growing bureaucracy and often result in a waste of time,
money, and energy, rather than providing real solutions. It is better to
establish small, realistic, well-focused projects that bring people from
developed and developing countries to work together. Such small projects
have better benefit-to-cost ratios than the expensive programs.

We are very glad that WSSI’s efforts are producing some visible fruits
in many places of the world. Countries such as Malaysia, Myanmar, Nepal,
Pakistan, Singapore, Thailand, and Uganda have organized their national
associations for earthquake engineering. They now are IAEE Member
countries. A university in Sri Lanka has established a course in earthquake
engineering to which WSSI donated a dynamic structural analysis
computer-software. In Nepal, awareness for earthquake preparedness has
been visibly raised, and a school building project has started with the
corporation of a US-based non-profit organization. It was a pleasant
surprise that Nepalese carpenters and bricklayers went to India to teach how
to build earthquake resistant houses after the Bhuj earthquake. WSSI, with
the help of a Japanese consulting firm, established a modest-sized network
of strong-motion seismometers in Myanmar.

| personally believe that HLM’s are the most important activity of
WSSI. However, too much emphasis has so far been placed on Asian
countries. Better geographical distribution should be sought in the future.
Candidates may be those from island countries in the Pacific and the
Caribbean Sea, and CIS (Commonwealth Independent States), those in the
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Central Asia in particular. It is also important to critically review what has
taken place after an HLM by holding a follow-up meeting.

As more people have come to know the name and the activities of
WSSI, we need to have more systematized management. To continue
HLM's on a stable basis, it is vital to decentralize the workload which has
been so far concentrated to a few limited Directors. It may be necessary for
WSSI to prepare a manual showing the process of preparing an HLM. At
the same time, we should not ask too much to Directors because it may
become a burden. After all, Directors work on their voluntary basis.

We know the problem is difficult. Every solution breeds new
problems. We have always thought in the past that, when in doubt, jump!
But, action should not be confused with haste. Energy and patience should
be two indispensable elements in the future activities of WSSI.
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ABSTRACT

When excavation was under progress by dredging through the sand
bar deposit in Jamuna River in Bangladesh, a number of dips occurred
underwater. Features of the dips s arefirst described herein together with
the results of in-situ investigations on the ground conditions. In the fluvial
deposit in the Jamuna riverbed the sand is known to contain a few percent
of mica mineral composed of plate-shaped grains. The inclusion of mica
has been known to make the sand behave more strain-softening leading to
increased vulnerability to flow type deformation. This was conceived to
have been the cause of the underwater dides. To confirm this aspect, the
sand was recovered from the river site and triaxial tests were performed in
the laboratory extensively. The outcome of the test was compiled and
arranged in a manner where the residual strength could be evaluated in a
general framework of interpretation on sand behaviour. The results of the
tests showed that the mica-containing sand from Jamuna River ste
exhibited contractive or strain-softening behaviour over a wide range of
void ratio. Theresdual strength at the steady-state deformation obtained in
the present test scheme was used to provide an explanation for the
instability of the dopes in the light of what actually happened during the
underwater excavation in Jamuna River.

When excavation was under progress by dredging through the sand
bar deposit in Jamuna River in Bangladesh, a number of dips occurred
underwater. Features of the dips s arefirst described herein together with
the results of in-situ investigations on the ground conditions. In the fluvial
deposit in the Jamuna riverbed the sand is known to contain a few percent
of mica mineral composed of plate-shaped grains. The inclusion of mica
has been known to make the sand behave more strain-softening leading to
increased vulnerability to flow type deformation. This was conceived to
have been the cause of the underwater dides. To confirm this aspect, the
sand was recovered from the river site and triaxial tests were performed in
the laboratory extensively. The outcome of the test was compiled and
arranged in a manner where the residual strength could be evaluated in a
general framework of interpretation on sand behaviour. The results of the
tests showed that the mica-containing sand from Jamuna River ste
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exhibited contractive or strain-softening behaviour over a wide range of
void ratio. Theresdual strength at the steady-state deformation obtained in
the present test scheme was used to provide an explanation for the
instability of the dopes in the light of what actually happened during the
underwater excavation in Jamuna River.

1. INTRODUCTION

The vast expanse of the flood plain in Jamuna River in Bangladesh has
experienced volatile shifts of river course during the flood period. In a large
project to construct a long bridge, it was considered necessary to protect the
abutment of the bridge from scouring and erosion in which the level of the
riverbed is purported to change by more than 10m overnight. In order to
provide a countermeasure, excavation of underwater channels were
executed by dredging from ships through the sand bar deposit. The aim was
to reinforce the underwater slope with stones and geotextiles on the side of
abutment. During the excavation, a number of slides took place underwater
thereby inhibiting the operation of construction. In-situ investigations were
carried out extensively by Dutch company and consultants and original
design modified.

To clarify the cause of the slides, various kinds of investigations were
carried out both in the field and in the laboratory. Although the causes were
variously conceived, one of the points unanimously recognized was the fact
that the fluvial sand deposit in Jamuna River contains a few percent of mica
mineral exhibiting peculiar behaviour of deformation. In recognition of this,
extensive studies were performed in the laboratory by Hight et al. (1999)
and various factors such as anisotropic mode of deposition were addressed
as possible causes leading to highly collapsible nature of the mica-
containing sand. At the Tokyo University of Science, the scheme of
laboratory studies had been underway regarding the steady-state
deformation characteristics of sandy soils. Some of the results of tests were
reported by Ishihara et al. (2003).

With an aim to examine behaviour of Jamuna River sand in terms of
the framework established as above, a large amount of Jamuna River sand
was shipped to Japan and multiple series of triaxial tests were performed to
clarify the deformation characteristics of the sand. The results of the
undrained triaxial compression and extension tests will be introduced in this
paper within the framework of data arrangements and interpretation
established thus far.

As a result of the studies, it was pointed out that the use of the major
principal stress would be most appropriate to take into account effects of
confinement on the residual strength of sand, and if based on this, there is
no need to consider the effect of K. -conditions at the initial stage of
anisotropic consolidation. The outcome of these laboratory tests was
incorporated into a simple analysis to examine the instability of the slopes
observed in Jamuna River. The analysis targeted for the post-failure
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conditions was performed based on the residual strength. The consequence
of these studies will be described in the following pages.

2. PROJECT

Figure 1: General location map

In the middle reaches of the Jamuna
River in Bangladesh, a 4km-long
bridge called Bangabandhu Bridge
connecting the towns of Sirajganj
and Bhuapur was planned and
constructed in  1995-1999. Its
location is shown in Figure 1.

As shown in the more detailed
map in Figure 2, the width of the
river channel was about 11km. This
area is the vast expanse of flood
plain and had suffered severe
destruction over the years due to
intense flooding over the river
channel and its surroundings.
Devastation was particularly
conspicuous at the time of the
flooding in 1987 and 1988. In some
areas, river channels are purported
to have shifted their courses

overnight through several hundred meters. The tendency of the drift is
reported to have been westwards whereby involving a huge amount of sandy
soils removed by scouring in the riverbed in the west side of the Jamuna

river.

A

Figure 2: Locations of the Guide Bunds in Jamuna bridge site

Forensic Diagnosis Of Underwater Sope Failure In Jamuna River
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In the design of the abutment of the Bangabandhu Bridge, it was
considered mandatory to implement some countermeasures against the
deleterious effects due to such scouring and to duly control the river channel.
With this aim, construction of guide bunds was planned on both sides of the
river as shown in Figure 2. Of particular importance was the construction of
the West Guide Band, as it was intended to protect the bridge abutment
behind the river from scouring or erosion of the riverbed. The construction
consisted of excavating the riverbed by dredging the sand inland by ships
and placing erosion-protecting armours such as geotextiles and stones over
the underwater slopes on the west side. The location and horseshoe-shaped
plan view of the Guide Bunds are displayed in Figure 3. The trench varying
from 27 to 30m in depth was dug below water by means of cutter-suction
dredgers from ships at the site of each guide bund.
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Figure 3: Locations of Sidesin the West Guide Bund
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3. UNDERWATER SLIPS ON EXCAVATED SLOPES

The West Guide Bund was constructed at the site of a recently formed sand
island as seen in Figure 2. The materials forming the dredged slopes were
composed of young, rapidly deposited sediments. The detailed plan view of
the excavation is shown in Figure 3 and a typical section (E-W section)
across the dredged channel is displayed in Figure 4. The slope on the west
side was to be protected by the geotextiles-stone armour against the
scouring, because the bridge abutment was to be installed due west of the
West Guide Bund. Thus the underwater slope designated as “permanent
slope” was designed so as to have a gentle slope of 1:5.0 in the middle
portion. On the contrary, the slope on the east side of the dredged channel
was to be left unprotected. Even though slides occur and the sand bar
disappears in future due to scouring or erosion, it did not matter. Thus, the
eastern slope was designed to form a steeper slope with an angle of 1:3.0
and designated as “temporary slope” in Figure 4.

Bridge West East
abutment Permanent slope Temporary slope
+20m H416.5m +13m High water Modified
file +10 to +12
I = » 16.2m Low water pro
+10 CaF =

Y T4.0m
5111
. 5 =
1 33 oy,

-18m

Original
rofile

—iL

20
Figure 4: East-west section through West Guide Bund Channel
(from Hight et al. 1999)

The dredging work began northwards in October 1995 from the
southern rim of the sand bar. As the dredging proceeded, slope failures
occurred on the permanent slope on November 19th in 1995 in the cross
section 1270 and another on November 22nd in the cross section 1410.
They are respectively called W1 and W 2 slide and shown in Figure 3. On
December 3, 1995, the largest-in-scale slide denoted by W3 took place on
the permanent slope at a location of Chainage 1550. This slide covered an
area of about 150m wide and 150m long over the permanent slope.
Afterwards many failures were found to have occurred on the temporary
slope during the period of rising water level in 1996. Eleven of them were
larger in scale than W3, and these are indicated by the symbol WT 6, 7, 9,
9E, 13, 15, 16, 17, 18, 22, 24 in Figure 3. Many of these slides delayed the
progress of construction works, but of most serious concern were the
failures on the permanent slope, because they had to be repaired to construct
erosion-free slope. In recognition of the instability with an angle of 1:3.5,
the design cross section on the permanent slope was changed so as to have a
slope of 1:6.0 near the bottom and for the temporary slope, the angle was
changed from 1:3.0 to 1:5.0 as illustrated in Figure 4. Then, the dredging
work to full depth was resumed to finish excavation of the trench. As the
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dredging went on, a number of slope failures began to occur again but only
on the temporary slope. The failures occurred mostly during the period of
March to June in 1996. Exact locations of all of these slope failures
including those prior to and after the design change as well are indicated
together in Figure 3.

4. CAUSES OF SLOPE FAILURES

There are two aspects to be distinguished in clarifying mechanisms of slope
failures in sand deposits. These are generic cause and consequence of
failure.

4.1 Causative Incidents

It was difficult to precisely identify generic causes of the slides which
occurred apace in underwater environments. It was envisioned that the over
cutting, overstepping or rapid cutting associated with the dredging operation
had been responsible for triggering the slips. There were slow falls in the
water level of the river after storms of the order of 0.1m per day over a
period of five days. This might has been other causes leading to the slips.
The factors such as wave actions and thunderstorms were also suspected to
have triggered the slips. No matter what causes might have been, it is
certain that the sand deposits had been in a precarious state narrowly
keeping the stability when the excavation was made.

4.2 Consequences of Failure

After the initial failure is triggered involving a small or medium
deformation, the soil may or may not develop large displacement later on.
One kind of sand deposits might induce only a limited deformation which is
tolerable but in another type, a fairly large amount of displacement will
continue further on. In the latter case, the level of devastation incurred will
be intolerably large. Thus, identification of the damage level in terms of
continuation or discontinuation of deformation after the triggering of failure
will pose an important aspect in recognition of the problem particularly in
saturated sand deposits under water.

The identification of the consequence of failure as above can be made
generally by examining the state of an existing deposit as to whether it will
exhibit contractive or dilative behaviour after it has undergone triggering.
In the case of the sand deposit in the Jamuna riverbed, the deposit seems to
have had characteristics showing the contractive or strain-softening type of
behaviour in which the residual strength at a largely deformed state is
reduced significantly leading to an intolerable level of deformation after the
slips were triggered. In the above context, soil characteristics were
investigated in details in the field as well as in the laboratory as described
below.

16 New Technologies for Urban Safety of Mega Citiesin Asia



ICUS Report 27

5. INVESTIGATION OF SOIL CONDITIONS

Following the occurrence of the slides as well as at the time the design was
made, multiple series of tests were conducted both in the field and in the
laboratory to illucidate nature and properties of soils which are deemed to
be a cause of the slides.

N

Figure 5: Location of soil investigations at the site of Jamuna
Multipurpose bridge construction

5.1 In-situ tests

Deep borings were performed at three locations, viz., B1 on the west
bank and B2 and B3 on the right bank, as shown in Figure 5. The standard
penetration test (SPT) was also conducted at these boring sites. At the site
B3, the measured N-value was, for example, 15 at a depth of 9.25m.
Considering the use of a free falling hammer in the SPT practice at the
Jamuna sites, the energy level is deemed as about 80% of the theoretical
energy in hammer dropping. This energy level actually consumed for
penetration is considered about the same as the level normally achieved in
the Japanese practice. The SPT N-value at a shallow depth of 6.25m was
found to be 7 at B3, 10 at B2 and 19 at the site B1. These values are
relatively small indicating the presence of loose sand layer which might be
responsible for triggering the slope failure.

Dutch one-penetration tests (CPT) were also performed at 15 locations
as indicated by C1 to C13 shown in Figure 5. The results of CPT showed
gc-value of 4-5 MPa at depths from 6-8m at the location CDI which is close
to the site B3. This value indicated as well the presence of loose sand layer
at this depth. By comparing the SPT N-value and the CPT gc-value obtained
each in their vicinity, an empirical correlation was established by Delft
Geotechnics as follows,
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where N4, indicates the SPT N-value corresponding to 60% of the

theoretical energy. In view of the 80% of the energy achieved in the Jamuna
River investigation, the above relation would be rendered to

Gc =0.37-N (2)

Relative Density, Dr (%)
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-30
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Figure 6: A typical profile of relative density at a Ste in Jamuna River
(Hight et al. 1999)

where N indicate SPT N-value obtained by the free fall hammer which is
considered to exert 80% of the theoretical energy in the SPT operation. The
relative density at the site was estimated based on the data of SPT and CPT.
One of the typical data by Hight et al. (1999) is shown in Figure 6 where it
may be seen that the relative density takes values around Dr =50% but the
majority of data indicate values less than 65%.
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Figure 7: Effect of 1% mica on the undrained behaviour of sand in
simple shear (Hight et al. 1999)
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5.2 Laboratory tests

Sand samples were obtained in-situ by means of the tube sampling
technique. However, the degree of disturbance appears to be somewhat
high in loose deposits of sand and therefore the outcome of the laboratory
triaxial tests on such samples is considered not truly representative of the
conditions of sand deposits prevailing in the field.

Apart from the laboratory tests on intact sand samples, it was
discovered that the sand in the Jamuna River contains a few percent of mica
and its presence was suspected to have created conditions of the deposits
which were highly vulnerable to triggering failure and consequent flowage
of the sand. Thus, attention has been drawn to the peculiar behaviour of
mica-containing sand by several investigators. One of the results of simple
shear tests reported by Hight et al. (1999) is reproduced in Figure 7 in which
the behaviour of clean silica sand is compared with that of the same sand
but containing 1% mica.

It can be seen that the loose sand with a void ratio of e=0.70 exhibits
ductile behaviour with a tendency to dilate at largely strained states,
bringing up the effective stress path along the failure line. In stark contrast,
the sand with e=0.74 containing 1% mica is shown to be brittle and have a
potential to collapse at medium strains resulting in a small residual strength
at a largely strained state. Hight et al (1999) argued that, because of the
aspect ratio of the mica plate as high as approximately 50:1 compared to the
rotund sand particles, the presence of even 1% mica by weights is
approximately equivalent to that of 25% of mica by number of grains.

In an effort to investigate more thoroughly the behaviour of mica-
containing sand, multiple series of triaxial tests has been conducted at the
Tokyo University of Science on reconstituted samples of the sand recovered
from the Bangabandhu Bridge site in Bangladesh. Details of the tests
procedures and the manner in which data are arranged are descried more in
details in the paper by Tsukamoto et al. (2007). The conduct of the tests on
the Bangladesh and its outcome will be descried somewhat in details in the
following pages.
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Figure 8: Grain size distribution of the Jamuna River sand tested
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6. CONDUCT OF TRIAXIAL TESTS ON BANGLADESH SAND

6.1 Material properties

The sand with a few percent mica recovered from the bridge site has a
typical grain size distribution curve shown in Figure 8. It is a sand with
Dy, =0.2 mm and contains 10% non-plastic fines. Its specific gravity is

Gg =2.745 and the maximum and minimum void ratio as measured by the
Standard of the Japanese Geotechnical Society was e, =1.202 and
enin = 0.602, respectively.

6.2 Test procedures

In the triaxial tests, the samples 6¢cm is diameter and 12cm is length
were prepared by the method called wet tamping in which moist sand was
placed in the mould with varying energy of compaction. By this method, it
was possible to prepare reconstituted samples with widely varying range in
void ratio. After preparing the samples, de-aired water was circulated to
achieve a state of full saturation with a B-value greater than 0.95. Then, the
samples were consolidated anisotropically under different K. -conditions.
The axial load was then increased under undrained condition when the mode
of the test was triaxial compression. The triaxial extension tests were also
performed by increasing the cell pressure under undrained conditions.

6.3 Results of tests

The results of the undrained compression test on samples with void
ratios ranging between 0.804 and 0.871 are displayed in Figure 9 where the
deviator stress q=o,-0; IS plotted versus the effective mean confining
stress defined as p'= (o, +205')/3. The saturated samples were consolidated
with a vertical stress of o', .=98kPa and lateral stress of o';.=49kPa
producing an initial state of K. =0.5. It may be seen in Figure 9 that the
dilatants behaviour is exhibited when the sample is prepared with a void
ratio less than about 0.83, but otherwise the sample is contractive. It isto be

noticed that the sample with e=0.871 has reached a steady-state with a
deviator stress of g=15kPa which is smaller than the initially applied

deviator stress of q=49kPa. It is seen in Figure 9 (b) that large deformation

began to occur at an early stage of load application and continues further on
until an axial strain of 20% developed. The smallness of the deviator stress
at the steady state as compared to the deviator stress at the outset would be
regarded as a criterion to indicate an unstable condition where flow-type
deformation could be triggered if the peak shear stress is passed over by
application of a slight agitation at the beginning. Another series of tests
with the same initial lateral stress of o', = 49kPa but with an increased K. -
value of 0.7 is demonstrated in Figure 10 for samples with various void
ratios where the general tendency is seen to be the same as those shown in
Figure 9. It may be seen in Figure 10 that the sample consolidated with a
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deviator stress q. = o',c—0'3c = 20kPa with a void ratio of 0.827 has reached a
steady-state with the deviator stress q=95kPa which is much greater than

the initially applied deviator stress of 20kPa. In such a condition, the flow
type deformation will not be induced because of the gain in shear strength as
compared to the initially applied shear stress. The last series of the tests
with K. =1.0are demonstrated in Figure 11 where it is apparently noted that
the specimen with e=0.767 exhibited highly dilative behaviour. The
characteristic feature of deformation as deduced from the above test results
may be summed up as follows.
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Figure 10: Results of undrained triaxial compression tests
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1. It is apparent that the deformation characteristics become more
dilative with decreasing void ratio and vice versa. The void ratio for
the threshold can be read off as approximately e=0.83 from the Figs.
9to 11.

2. Although not clearly displayed in the test results shown in Figs. 9
and 10, a number of tests on Bangladesh sand with greater confining
stresses or tests on other sands have coherently shown that the
deformation characteristics becomes more contractive with increased
Kc -value at the stage of anisotropic consolidation. This is
consistent with the main conclusion derived by Chern (1995), Vard
and Chern (1985), Kato et al. (1999) and Tsukamoto et al. (2007).

3. Similar undrained triaxial tests have been performed on several other
sands in Japan which do not contain mica. The outcome of the tests
on such non-mica sand showed that the sand behaviour becomes
more starkly dilative or strain hardening with decrease in void ratio.
In contrast, the mica-containing sand from Bangladesh tends to
become contractive or to remain at an intermediate state between
contractive and dilative whereby developing large deformation at
constant shear stress gs and effective confining stress p's. This
implies that the mica-containing sand would easily be put at a
steady-state over a wide range of void ratio. This is consistent with
results of the tests reported by Hight et al. (1999).

7. FLOW CHARACTERISTICS OF JAMUNA RIVER SAND

From a number of other tests including those shown in Figure 9 through 11,
the void ratio, e, deviator stress gs and effective mean confining stress p's
at the steady state were read off and plotted in Figure 12 in terms of e versus
p's. In this plot, those data from the tests with K. =1.0 are displayed with
white circles and those from anisotropically consolidated samples with K -
values less than 1.0 are shown with black circles. It can be seen in
Figure 12 that the steady state line is established uniquely irrespective of the
K¢ -conditions.
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Figure 12: Seady-state line for Jamuna river sand as a plot of void
ratio and effective mean principal stress
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In the whole program of the tests executed at the Tokyo University of
Science, it was shown that the most appropriate parameter indicative of the
effects of confinement at the steady state is not necessarily the mean
principal stress p's=(c's+20'5)/3, but instead the major principal stress
o5 alone. In accordance with this concept, the plot is made of the same
data set alternatively in Figure 13 in terms of the void ratio versus the
effective major principal stress o5 at the steady state. It can be seen that

the steady-state line is established equally well again irrespective of K -

conditions.
0.9 - T T T
i Jamuna river sand
[%% Ke = 1.0
L oS0 . ® Kc= 1.0
L ...‘ .
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= 08¢ % 4
= r 2.
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Effective major principal stress, o' (kPa)

Figure 13: Seady-state line for Jamuna river sand as a plot of void ratio
and effective major principal stress

It is to be recalled that the steady-state lines established in Figure 12
and 13 all do pertain, not to the initial un-deformed state of the sand, but to
the state where the sample is largely deformed to a strain level greater than
about 5%. One might argue that the specification of a state of soil at the
time it is already deformed may not be appropriate. Thus, it is claimed to be
a parameter at the initial state prior to load application that is more
convenient and hence desirable in view of its practical application when soil
behaviour is to be estimated for subsequent application of shear stress.
Looking back over the development of soil mechanics, one can realize that,
in the majority of problems, such as consolidation and undrained shear
strength, it was the initial state of the confining stress that was taken up as a
parameter to specify the soil behaviour in the subsequent loading. In the
context as above, the initial state of void ratio and the major principal stress
o', before the application of shear stress were picked up from the whole

file of test data on Jamuna River sand and they are plotted in the diagram of
Figure 14. In this diagram, a line is drawn which differentiates the sample
behaviour between contractive and dilative. Such line was called the Initial
Dividing Line (Ishihara, 1996). It may be seen in Figure, 14 that the Initial
Dividing Line (IDL) can be obtained consistently irrespective of the K -
state of samples at the time of anisotropic consolidation. It is to be noticed
here that the steady-state line, quasi-steady state line and initial dividing line
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are almost coincident particularly in the range of small confining stress less
than about o, =100kPa.

The angle of internal friction at the steady state derived from the same
data file is shown in Figure 15. Although the values are slightly different
between TC-tests and TE-tests, the average value would be taken as
¢ = 30°.

Contractive Dhlative

0.9 T T behaviour behaviour
T * * K033 Ke b3
LI o ) Ke=1h35
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v v . 4 Reolhn Ke=0.3
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-
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Effective major principal stress, 0I|c (kPa)

Figure 14: Initial dividing linefor Jamuna river sand as a plot of void
ratio and initial major principal stress
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Figure 15: Angle of internal friction for the steady state

8. RESIDUAL STRENGTH OF JAMUNA RIVER SAND

It has been customary to define the residual strength, S, by referring to the
minimum shear stress at the quasi-steady state (QSS) which is mobilized at
the state of phase transformation for sands exhibiting contractive behaviour.
In the mica-containing Bangladesh sand, the test data in Figure 9 to 11 show
that the quasi-steady state (QSS) is almost coincident with the steady state
(SS). Thus, these two states could be regarded practically identical for the
mica-containing Jamuna River sand being considered. By denoting the
deviator stress at this state by qs = o';s—0'55, residual strength is expressed as

(Ishihara, 1996, p.268)
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M
Sis = q_ZSCOS Ps = ?COS Ps P's (3)

_ Bsings
3-singg

where p's is the mean effective confining stress at the QSS or SS as defined
by ps=(c'5+20'55)/3, M is a parameter related with the angle of phase
transformation in the p-q plot, and ¢ is the angle of internal friction at
QSS or SS.  When normalizing the residual strength S, to the initial mean
principal stress, it is written as

$2M005¢S'i (4)
Pc fc
Where o =Pc _ict20sc

- 1 1 1
P's 0'1s+t20'3s

If the residual strength is normalized to the initial major principal
stress o', It is written as

&zm.ﬂ.cos¢s.# (5)
o e 2 3(+singg) r'e
rIC:O-IIC

O1g

From the majority of data on undrained triaxial compression tests
“TC-test”, the residual stress at largely deformed state of the Jamuna River
sand was read off and normalized to p. and o' . Similar undrained
triaxial tests were also performed in the extension mode of deformation.
This test is referred to as “TE-test”. The residual strength from the TE-test
was also normalized to p. and o' . The outcome of such data

compilation is demonstrated in Figure 16, in terms of the plot of the
normalized residual strength versus the K. -values employed in each of the

tests. Among the cluster of data points, the initial state of the samples
exhibiting the contractive behaviour in subsequent undrained loading is
indicated by the black symbol and those showing dilative response by white
symbols. It is to be noted that those data with smaller values of S,/ p'c
correspond to loosely prepared samples and with increasing value of S/ p'c,
the samples become denser. A line diving the two types of behaviour is
drawn for each of the TC-tests and TE-tests. The two lines thus determined
each from TC and TE tests are indicated in Figure 16, together with the
empirical equations suggested for each of these threshold conditions. The
same data sets are plotted in Figure 17 now choosing the residual strength
normalized to the initial major principal stress o',.. From the two kinds of

plot shown in Figure 16 and 17, the following observation can be made.
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1. In the case when the residual strength is normalized to the initial
mean confining stress, the value of S/ pc tends to increase with
decreasing K. -value, and also it depends upon the mode of
deformation as to whether the loading is triaxial compression or
triaxial extension.

2. If the residual strength is normalized to the initial major principal

stress, the value of Ss/%"c js determined uniquely irrespective of

the Xc -value in the anisotropic consolidation, and also
independently of whether the mode of deformation is triaxial
compression or triaxial extension. For the mica-containing sand
from the Jamuna River site, the threshold value of the normalized
residual strength separating conditions of contractive and dilative

behaviour is found to be Sis/1c=026 5¢ accordingly indicated in
Figure 17.

3. Each data in Figure 17 belongs to the samples having different void
ratios but close examination of the data has shown, although not
shown explicitly, that for the state with a given void ratio, the
normalized residual strength Sis/c takes a constant value
irrespective of the Ke _condition at the time of consolidation. Thus,
the limiting value of Sis/7c =026 ¢an pe taken as the upper bound

of Ss/%c -values within the range of the void ratio in which the
sand exhibits contractive behaviour.

In the type of plot shown in Figure 16 and 17, the looseness or
denseness of the samples is not indicated explicitly. In order to visualize
this effect, the same test data are now shown in Figure 18 in terms of the
S/ o' plotted versus the void ratio, e. It may be seen in the figure that
effects of the minor principal stress, that is, o';c -value in the TC-test and
o'ic -value in the TE-test, is not so important but the influence of the mode

of deformation as to whether it is TC-test or TE-test would be somewhat
significant with the mode of the TE-test giving smaller normalized residual

h=/icosa
W'=y'Hb

Figure 19: Forces acting on a soil element above a diding planein a
submerged dope
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strength S,/c as compared to that from the TC-tests. It is to be noticed

that no matter whether the mode is TC-test or TE-test, the upper limit of
S/ o c takes the identical value of 0.26. The density of each samples

tested is also shown by way of the relative density, Dr, with the scale
indicated on the right hand side of Figure 18. If the average is taken, it can
be conclusively mentioned that, for the Jamuna River sand deposited with a
relative density smaller than Dr = 65% , it will exhibit contractive behaviour.
Therefore the in-situ deposits under such condition will have a potential to
develop flow typedeformation irrespective of the K. -condition if it is

subjected to an external agency for triggering the slide.
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9. SIMPLE ANALYSIS OF THE SLIDE IN JAMUNA RIVER

9.1 Basic Concept

For the sake of simplicity, let a potential sliding plane be located in
parallel to the surface of the submerged slope as illustrated in Figure 19.
Then, from the equilibrium of forces amongst the submerged weight of a
soil mass and normal and tangential forces N and S acting on the potential
sliding plane, the stresses o, and -, are obtained as

o :%:y'Hcosza (6)

T =%=y'Hsina~cosa

o

where »' is the submerged unit weight of the soil, « is the angle of the
potential sliding plane, and H is the height of the soil mass being considered.
Then, given the values of stress components, o, and z,, as above, it is
possible to locate a point B in the Mohr diagram as illustrated in Figure 20.
The direction of the line OB indicates the angle of obliquity of stress
application, « , or the angle of stress mobilization. By drawing a half circle
through the point B so that it is tangential to the line OB, it becomes
possible to identify the points of the major and minor principal stresses o,
and o, on the Mohr diagram. Then, from geometrical consideration, the
following relations are obtained.
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1
oy =0, +(tana +
cos

e, ™

1
o,=0,+(tana — T
3 a ( COSQ') a

Introducing Eq. (6) into Eq. (7), one obtains
o, =y'Hl+sina) (8

o3 =y'H1-sina)
Thus, the ratio between the minor and major principal stresses is obtained as

1-sina
KC=03/01=1+Sina )

The relation of Eq. (9) is displayed in Figure 21. It is known that the
majority of natural slopes consisting of relatively soft soils have an angle
ranging approximately between «=0 and «=30°. Thus, the ratio, K. ,

between the two principal stresses has a value between 0.3 and 1.0.

1-sin

0 10 20 30 40 50 60 70 80 90

Angle of slope @ ( Degree)
Figure 21: Relation between K¢ -value and angle of slope

9.2 Typical Pattern of Deformation

The typical pattern of undrained deformation of anisotropically
consolidated specimens is schematically illustrated in Figure 22 in terms of
stress path and stress-strain curve. In Figure 22(a), the abscissa indicates
the mean principal effective stress defined by p'=(c'+25')/3 and the
ordinate represents the shear stress defined by q=o"-c'. In Figure 22,
point A indicates an initial state of K. -consolidation whereupon undrained
shear stress application starts. When the specimen is loose, it shows an
increase in deviator stress, g, to a point B at peak strength and then a
decrease down to a point C corresponding to the state of phase
transformation or the quasi-steady state. The bent-over in the stress path
takes place at point C and the shear stress increases to a point D where large
deformation starts to occur without any change in the effective mean stress
p’ and shear stress q. This state is called the steady state. When the
specimen is loose, the minimum deviator stress is encountered, concomitant
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with fairly large deformation, at point C where the phase transformation
takes place from contractive to dilative behaviour.

(b)

Gl1=- O3

q=o1- o3

q
0
7

! o x
pv: 3 (G ’r+ 203!) Axial strain, £ 1

Figure 22: Typical stress-path and stress-strain relation for loose

Thus, the residual strength is defined by the shear stress gos Which is

mobilized at point C. The residual strength thus defined is called the
strength at quasi-steady state. When the sand is very loose, the gain in the
deviator stress from point C to D is not achieved. The sample continues to
deform with a constant deviator stress. In other words, the quasi-steady
state (QSS) becomes coincident with the steady state (SS). In the case of
the Jamuna River sand, the samples are seen deforming at a constant
deviator stress as apparent from the test data shown in Figs. 9 through 11.
This may be due to the inclusion of mica. Thus, in the present study, the
quasi-study states will be taken as being identical to the steady state sections
in the permanent and temporary slopes. Looking over the configuration of
the post-failure slopes, one may envision that the failure was triggered
initially at the toe of the slope and followed by flow-type movement of the
soil behind it. The profiles of slopes shown in Figure 23 through 28
disclose that the soils have slid down the slope through a considerable
distance resulting in thick deposits of debris at the bottom of the dredged
channel. Thus, the post-failure surface in the upper part of the submerged
slope can be considered to have been the plane where the soil mass had
actually slid down. This surface may therefore be considered as the sliding
surface on which flow of liquefied sand had taken place. It is apparent that
the sliding surface thus determined is inclined with an angle smaller than the
original slope angle of 1:3.0 and 1:5.0. However, to simplify calculation, it
may be assumed that the moving surface of the slope during flow with large
deformation was in parallel with the sliding plane, as schematically
illustrated in Figure 19.
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Figure 23: Side on Dec. 3, 1995 in the permanent dope
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Cross section 1500, W 3 (Dec. 3, 1995)
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Figure 27: Factor of safety versus Koch-value or versus angle of dope for
the Jamuna River sand
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Cross section 2500, WT 4 (April 20, 1996)
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Figure 28: Side on April 20, 1996 in the temporary slope
(a) Triggering mechanism

There are several cases of submarine landslides documented in
literatures. One of the large submarine landslides ever reported in details
would be the slide which occurred at the rim of the recent fill towards the
sea at the Port of Nice in France on October 16, 1979. The fill, much of
which was deposited through or in water, was constructed on a deltaic
deposit of stratified clayey silt and silty sand. Features and some analysis
results are reported by H.B. Seed et al. (1988). Regarding the triggering
mechanism, multiple events were cited to have been possible causes for
initiating the slide. These are (1) the tidal wave first inducing about 3m
lowering of the sea level due presumably to a off-shore landslide and (2) the
increase in an artesian pressure due to rainfalls in the preceding days at
depths of about 40m in the pervious sand layer which is connected with
water levels on land. Thus, it was difficult to narrow down the causes into a
single event.

The clarification of the triggering cause for the slides in the Jamuna
River channel is also a difficult task but the conceivable reasons variously
conceived may be summarized as follows.

1. During the process of underwater excavation, the cutting by a
dredger might have been carried out so fast that the rapid change
in the state of stress did occur creating a highly undrained
condition with the result that local failure was triggered first and
retrogressed into a large slide.

2. In the course of the excavation conducted stepwise, one step of
cutting might have been so large in block that the steep slope
locally created did collapse enlarging the zone of slips into the
entire slide.

3. There were natural phenomena frequently occurring in the region
of Jamuna River. These include torrential downpour, wave
actions and falling water levels. None of these phenomena could
be pinpointed as a single cause of excitation, but the effects of
falling water level are most likely to be one of the reasons
triggering the slips.
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4. Besides the externally imposed agencies as cited above, there
would be an internal reason. That is the nature of the sand itself
containing the mica mineral as mentioned above. The sand in the
Jamuna River environment must be deposited in a precarious state
narrowly keeping its stability and thus easily susceptible to
triggering failure. This aspect was addressed by Kramer and Seed
(1988) who asserted that the sand deposited with a large initial
shear stress, that is, the one anisotropically consolidated with a
smaller Ko-value, the margin of stability is narrow against
additional external agency. This fact holds true for many of sand
deposits, as exemplified by the test data demonstrated in Figure 9
to 11. It may be seen for example that the sand consolidated with

Ke =0.5 with the void ratio of 0.875 could collapse if a small
deviator stress of g=10kPa is applied additionally.
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Among several reasons as cited above, there are not strong reasons in
support of the above hypotheses 1 and 2, that is, the rapid cutting and
overstepping. Once these operations turned out to be undesirable, it is likely
that the operators must have changed the way the cutting was performed.
Therefore the sliding must have been limited to a certain area throughout the
length of the channel. However, the slips did actually occur along the long-
stretched zone in the channel. This fact appears to indicate that the
hypotheses 1 and 2 are not likely to be the scenario triggering the slips.

It is the authors view that (1) the lowering of water levels and (2) the
potentially susceptible nature of the mica-containing sand put into the K -

conditions by excavation are most likely the two major reasons creating
conditions to trigger the failure. Although the scenario is envisaged as
above, it was not possible to come up with a parameter such as factor of
safety to define the triggering mechanism in a quantitative manner.

(b) Factor of Safety Against Flow Slide

The flow-type failure will be induced in loose sandy deposits, if the
magnitude of the residual strength is equal to or smaller than that of the
shear stress induced by the gravity force. It is to be mentioned here that,
among several external agencies, the gravity-induced stress would be the
main force driving the soil mass to move downhill. If the soil deposit were
in a loose state exhibiting the contractive behaviour with a residual strength
which is smaller than the gravity-induced shear stress, then the soil mass
would continue to move downwards leading to the follow-type slide. The
deviator stress, g, applied initially to a soil element at a depth of H under

the submerged slope is evaluated, as follows, with reference to Eq. (8).
Oo = 0'1c—0'3c=2y'Hsina (20)

The residual strength, S,5, in the soil after it has been deformed

largely is known to depend on the void ratio, but if the largest normalized
residual strength, S,5/0"c=0.26, within the range of contractive behaviour

is taken up for consideration, residual strength would be estimated with
reference to Egs. (5) and (8) as

Sus =q%s-cos¢s=o.zealc =0.26y'H(1+sina) (11)

The factor of safety against the flow deformation may be defined as
the ratio between the deviator stress gy at the steady state and the initial
deviator stress g, as illustrated in Figure 22. With reference to the
definition given by Eq. (3), the deviator stress gos=0qs Is expressed as
0s =29ys/cosgs and the initial deviator stress is given by
Uo =0'1c—0'5c=2y'Hsina from Eq. (8). Thus, the facto of safety against
flow is expressed as
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poodos_ Ss 1 (12)

0o JV'Hsina cosgg

Introducing Eqg. (11) into Eq. (12), one obtains

FS=0.261+_Sma- 1 (13)
sine  CoS¢g

The factor of safety thus defined is shown plotted in Figure 29 (a)
versus the angle of slope « and versus the K. -value as evaluated by Eq. (9).

Individual values Fs obtained from the TC-tests are indicated by circles and
those from the TE-tests are indicated by rectangles.

The plot of Figure 17 showing the relation between K. -value and
Sus/ o'ic 1S reproduced in Figure 30 where the value of void ratio is indicated
for each value of §,4/0',=0.04, 0.09, 0.15 and 0.26.

It is known from plot of Figure 30 that if the relative density in-situ is
assumed to have been D, =60% corresponding to e=0.84 , the residual

strength ratio would have been §,5/0'c=0.15. For this value, the factor of

safety is obtained simply by changing the coefficient in Eq. (13) from 0.26
to 0.15. The relation between Fs and K. for such a case is also shown in

Figure 29 (a). The zone enclosed by these two curves is indicated by dark
color. In the same fashion, the zone corresponding to the residual strength
ratio between 0.15 (D, =60% ) and 0.09 (D, =58% ) is shown in Figure 29(b).

The factor of safety corresponding to smaller value of §,5/0',c=0.04 to 0.09
is shown plotted against K. -value in Figure 29 (c).

10. CONSIDERATIONS FOR INSTABILITY OF UNDERWATER
SLOPES IN JAMUNA RIVER BRIDGE SITE

As mentioned in the foregoing section (see Figure 4), the angle of
underwater slope in the Jamuna River excavation was 1:3.5 in the upper and
lower parts on the permanent slope and 1:5.0 in the middle portion. The
slide took place on Dec. 3, 1995 at the cross section 1480, 1500, 1550
within the zone of W3 (see Figure 3) and cross section 1800 in W4 on Dec.
15, 1945. These are shown in Figure 23 to 26. The slide on the temporary
slope occurred in April and May in 1996. Cross section for these slides is
shown in Figure 27 and 28.

There are no reliable test data available to assess the relative density
of the field deposit in the Jamuna River bed, but judging from the nature of
fluvial sediments and from the SPT and CPT data, it is envisaged as shown
in Figure 6 that the relative density may be around Dr=50% and more likely
less than Dr=60%. With this assumption in mind, the residual strength of
the sand in Jamuna River may be estimated roughly from the diagram of
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Figure 30 in which the normalized residual strength is indicated in terms of
void ratio or relative density.

It might be difficult to assess the normalized residual strength only by
way of relative density but if attention is paid to the range in the normalized
0.26, this value seems to be in an appropriate range which is acceptable in
the light of many data on other sands ever obtained. Under the
consideration as above, it may conclusively mentioned that, (1) for the slope
with 1:3.5, the factor of safety could easily be less than 1.0 for the Jamuna
River bed sand with the normalized residual strength less than about
Ss/ o' =0.26 which could most likely to be the case, and (2) for the slope

with 1:5.0 slope, the value of §,5/0'c with Fs=1.0 could be read off from

Figure 29(a) as being about 0.15 which could be the case if there exist loose
zones in in-situ deposit.
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The outcome of the evaluation as described above is summed up in the
diagram of Figure 31 where the lines giving a factor of safety F =0.9, 1.0
and 1.7 are indicated in terms of slope angle « and relative density. For
reference sake, SPT N-value converted by the empirical relation is
demonstrated in the ordinate of Figure 31 with the scale indicated on the
right-hand side. Eqg. (14) is quoted from the study by Cubrinovski and
Ishihara (1999) by assuming that e, —e., =0.60. The N,-value in Eq. (14)
indicates the SPT N-value corresponding to an overburden pressure of
1kg/cm? and also about 80% of the theoretical energy in hammer hitting.
Drawing attention to the line Fg=1.0in Figure 31, one may recognize that
for the slope angle between 1:5.0 and 1:3.0, the factor of safety estimated
lies in the zone of instability with Fg<1.0 assuming the relative density
smaller than about 62%.

e

N, =25
100

)? (14)

In view of the actual conditions in the field at Jamuna River as
described in the foregoing sections, the results of the simple analysis
summarized in Figure 31 would appear to provide evidences with a
reasonable level of credibility for the occurrence of the underwater slides on
the excavated slopes in Jamuna River.

11. CONCLUSIVE REMARKS

The failure of the underwater slopes during the dredging excavation in the
sand bar in Jamuna River in Bangladesh was introduced first and then some
speculative reasons for such slips to have occurred were pointed out. To
provide sound basis for interpretation of failure mechanism, results of
multiple series of triaxial test in the laboratory were introduced with the
framework of consistent concept in line with the test results on other sands
in Japan. The main points derived from the tests are summarized as follows.

1. It is known that the sand initially consolidated with higher degree
of anisotropy, that is, with a smaller K. -value, tends to exhibit

more contractive (or collapsible) behaviour when it is deformed
largely into a steady-state. To take into account of this effects, it
was found more appropriate to select the major initial principal
stress, o , not the mean initial principal stress,

pc=(c"c+20',c)/3, as an index parameter to express effects of
confinement. Thus, when the residual strength S, at the steady
state is normalized to the major principle stress, o', it takes a
constant value irrespective of K. -conditions.

2. Thus, the normalized residual strength S,5/o"c can be expressed

uniquely as a function of relative density or void ratio. Within the
range of relative density where the behaviour is contractive, the
upper limit of the normalized residual strength for the Jamuna
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River sand is S,5/0"c=0.26 and this value is encountered when

the sand is deposited at a relative density less than approximately
Dr=65%. On the basis of the SPT and CPT data, the in-situ
relative density at the site of Jamuna River was found to be
somewhere around Dr=50% which is less than 65%. This fact
implies that the in-situ deposit is within the range of density where
the sand exhibits contractive behaviour indicating high
susceptibility to flow type deformation once the slip is triggered.

3. On the other hand, the slope angle of dredged channel in Jamuna
River at the time of sliding is known to have been 1:3.5 (= 16
degree) and 1:5.0 (= 11.31 degree). By assuming the slides to
have occurred on the straight-line sliding plane which is parallel to
the surface of the slope, it was possible to assess the magnitude of
shear stress and the major principal stress o' which was

mobilized in the sand deposits in the slopes excavated with the
angle of 1:3.5 and 1:5.0.

4. By comparing the magnitude of shear stress assessed as above with
the value of residual strength evaluated from the laboratory tests, it
was found that the existing shear stress must have become greater
than the residual strength available at the riverbed deposit, if the
in-situ sand were deposited with a relative density in the range less
than about 60%.

5. It is to be noticed here that for other sands in Japan, the upper limit
of density showing contractive behaviour is, by and large, smaller
than Dr=50%. This implies that only loosely deposited sand with a
relative density less than 50% could develop flow type
deformation and therefore such a sand is identified potentially
more stable. In contrast, with a higher value of upper-limit density
such as the mica-containing Bangladesh sand, the likelihood is
high for in-situ deposits to exist with a relative density less than
the upper limit. Thus, such sand is to be identified as potentially
unstable. In the sense as above, the identification of the upper
limit density or threshold density differentiating between
conditions of contractive and dilative behaviour of a given sand
will pose a important challenge in future development in this area
of soil mechanics.
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ABSTRACT

The investigation by Engineering Institute of Thailand (EIT) revealed
that the damage was caused by the premature failure of asphalt base course
due to the separation of asphalt binder from aggregate surface in the
presence of moisture, commonly known as "stripping"”. It was quite evident
from the milled damage area that water seeped from the sand blanket
underneath the cement-treated base (CTB) through expansion joints. The
core samples of the asphalt concrete pavement from damaged area show
evidence of asphalt stripping at the base course, a typical effect of soaking
water, while core samples from undamaged areas show good condition. In
order to prevent further distressin the Tarmac, as the airport site is located
in the floodway of Bangkok's eastern suburbs, it requires both effective
flood protection and drainage systems to avoid problems caused by water
seepage into the sand blanket under the airport's taxiways and runways.

1. INTRODUCTION

Last October, when the first sign of rutting was spotted in five of the six
taxilanes and in one taxiway at the Suvarnabhumi International Airport, the
Engineering Institute of Thailand (EIT) assigned a team of experts to join
the preliminary investigation. The investigation revealed that the damage
was caused by the premature failure of asphalt base course due to the
separation of asphalt binder from aggregate surface in the presence of
moisture, commonly known as "stripping". It was quite evident from the
milled damage area (Figure 1) that water seeped from the sand blanket
underneath the cement-treated base (CTB) through expansion joints.

The key question is: How, and also how long, has the water been
trapped in the sand blanket?

This article intends to provide technical facts to the readers who want
to understand what really happened to the airfield pavement of this brand
new airport.
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2. WORRYING OBSERVATIONS

L

Figure 1: Milled asphalt at the damaged Area

On 27 October 2006, about 2-3 weeks after the official opening of the
airport, the first signs of distress were spotted at several locations in the
taxiways and taxilanes, in the form of rutting, rutting with shattering and
split, and rutting with hairline cracks (Figure 5). Since then, a similar pattern
of failure has developed heavily in five of the six taxilanes and along the
east parallel taxiway. Although both runways are still in good structural
condition, plastic deformation of the asphalt wearing course was observed
near the takeoff position. The extent of the damage is summarised in

Figure 2.

Summary of Pavement Damage as of 25 January 2007

Alrfleld Area  |Distressed Area| Locations | Typlcal Damage
Pavemoent (sq m} (sq m)

1 West Runway
2 Enst Runway

Total Areas
3 West Taxiway
4 East Taxiway
5 Cross Taxhway
G Taxilane

295,500
318,000

613,500
724 BGB
572,056
217,706
303,086

1,818,616

15

18

Taxiway
Curved
Junction

E13, E21
B, B2, BS
G
T4,T5.78,
T11-TASTIT

Wearing course plastic
deformation

Wearing course plastic
deformation

Damage area = 0.00015%
Rutting, cracks or shattenng
Rutting, cracks or shattaring
Rutting, cracks or shattening
Rutting, cracks or shattering

Damage area = 5.31%

Figure 2: Illustration of taxiways and taxilanes
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Figure 3: Overview of east runway, taxiways and the drainage system

Suvarnabhumi airport covers an area of 20,000 rai (3,200 hectares). In
its first phase, the airfield serves its hourly 112 flights with two runways, six
taxiways and six taxilanes (Figure 3). The tarmac (Figure 4) consists of
three layers of asphalt concrete, namely the base course (23 cm thick), the
binder course (6 cm thick), and the wearing course (4 cm thick). Underneath
are four layers of the cement-treated base (CTB), 18 cm. thick each, sitting
on top of the sand blanket (approximately 80 cm thick) left over from the
ground improvement process.

STRUCTURE OF TAXIWAY PAVEMENT
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Figure 4: Sructure of taxiway pavement

Plastic deformation was observed on the wearing course at the turn-
around segment of the taxiway leading to the takeoff position of the runway
(Figure 6). This location is normally under maximum load when the plane
takes off with a full load of fuel. The high shearing stress that causes plastic
deformation was imposed by braking, accelerating or turning traffic. Plastic
deformation is greatest at high temperatures, especially for the AC 60/70
binder grade used in this case. The occurrence of the plastic deformation at
this location is therefore a common phenomenon and only routine
maintenance is required to repair this type of distress. Aside from this
surface distortion, both runways are in good structural condition.
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Rutting wi shattering/split
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Figure 5: Typical distressin the taxiways and taxilanes.

Plastic Deformation of Runway's Asphalt Wearing Course
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Figune - Suriace deformation of the: namsay. surface distress

Figure 6: Surface deformation of the runway.

Initial investigation was made by coring the asphalt concrete
pavement at a diameter 100 mm throughout its 33 cm thickness from the
damaged areas (Figure 3). The following observations can be made:

- All core samples from damaged area show evidence of asphalt
stripping at the base course, a typical effect of soaking water, while
core samples from undamaged areas show good condition.

- The water had infiltrated into and confined in the asphalt concrete
base course for a long period. Thus, the base course has been
immersed in and impaired by the water.

- As a result of asphalt stripping, asphalt binder was separated from
aggregate surface, leading to premature loss of strength and stability
of the base course.

- The load of the aircraft had then impaired the failed asphalt concrete
pavement, causing rutting on the surface.
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Based on the core samples, laboratory tests have indicated the correct
job mix and aggregate gradation of the asphalt concrete material. This was
also confirmed by a separate test at the Highway Department.

To expose the cement-tested base (CTB) for visual inspection, an area
of asphalt concrete pavement was milled at the damaged area of the
taxilane. It was evident that there was no sign of damage or subsidence in
the CTB. However, traces of water seepage were clearly observed (Figure 7)
along the rim of the expansion joints in the CTB. This evidence of seepage
further hinted that a large quantity of water might still be trapped in the sand
blanket.

Opening of the Distressed Pavement Structure

Wiearing course (40 mrm)
Birgder coLrse (60 mim)

{-0.10) ~ (+0.1)
+0.75

Baze course 230 mim

Cored Sample of |

Asphaltic Pavement | :

Figure 7: lllustration of milled pavement in the taxilane T11, a core sample of
asphalt concrete, trace of the water seepage at CTB joint and the test pit.

On January 31, a test pit (Figure 7) was dug on Taxiway T11, where
damage was found to be extensive. After the excavation went through CTB
and exposed the top surface of the sand blanket, water seeped through the
sand immediately until the water level reached about 20 cm above the sand
blanket (or roughly at +0.0 MSL). The water stayed at that level even when
attempt were made to clear the water.

Interestingly, to prove that water in the sand blanket is fully confined
with no connection outside, a deep excavation was made nearby, but outside
the pavement area (Figure 8). After the excavation, the dug hole was
completely dry. No sign of water from the sand blanket had receded into
this empty hole.
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Meanwhile, Highway Department experts have tested the samples of
sand and CTB from this test pit and reported that all materials tested have
met the standards.

e

Figure 8: Excavation to test the connectivity of the trapped water

3. HOW WAS THE WATER TRAPPED?

Based on the official report of the investigation committee appointed by
Airports of Thailand Public Company (AOT), the following reasons had
been given for the trapped water:

1. Runoff of rainfall water was collected and retained within the
airport compound in the pockets of sand used to fill fishponds,
swamps and waterways prior to the airport construction. Water
from this source might find its way into the sand blanket.

2. Surface water spilled from the drain age canals, during the flooding
period, over the top soil around the unpaved neighbourhood into
the sand blanket.

3. Surface water once trapped underground was not able to escape due
to the lack of a subsurface drainage system. This was aggravated by
the blockage of culverts and other underground structures.

4. Based on soil boring records, thin sand layers may exist originally
within the soft clay layer at a level about 10 metres deep. Some of
these sand layers may cross path with the leftover PVD, thus
allowing running shallow ground water to seep upward into the
sand blanket.

On the last point, some geotechnical experts argued against this
possibility. At the end of the PVD preloading, the extra surcharge consisting
of crushed rocks was removed. Thus, it is no longer possible for water to
move up to the surface through the PVDs against the hydraulic gradient and
against gravity at the end of consolidation process.

In addition, there is hydraulic back-pressure from the trapped water in
the sand blanket making it impossible for such hydraulic upward flow to
occur.
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Because the airport site is located in the floodway of Bangkok's
eastern suburbs, it requires both effective flood protection and drainage
systems. The aim is to prevent flooding from flash floods, as well as to drain
away rainwater in the catchments of the airport compound. The design of
the polder system includes the perimeter polder dike, internal drainage
system, two pumping stations and a perimeter road (Figure 9).
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Figure 9: Profile of the flood protection and the drainage system.

Basically, the internal drainage system for runoff water consists of:

1. The unlined primary canals and reservoirs both with the bed at -
1.90 m MSL. Based on the design criteria, water level in the
primary canals and reservoirs must be maintained not higher than -
1.40 m MSL.

2. The secondary canals with concrete linings. The canal bed of the
secondary canal is -1.15 m MSL. It is designed to be dry except
during the raining.

The primary and secondary canals are interconnected by ditches to
ensure that the runoff water from the pavement area will flow under gravity
towards the two pumping stations located at the south corners of the site. In
the operating manual, water in the primary canals and reservoirs must
always be controlled at the pumping stations to ensure that the water level is
maintained at -1.40 m MSL or lower.

With the design assumption that no rain water runoff can leak into the
sand blanket, no subsurface drainage system exists to systematically drain
trapped water from the sand blanket. This might be a weakness in the design
criteria of the airfield pavement.

4. GROUND IMPROVEMENTS

Suvarnabhumi Airport compound is situated on formerly agricultural land,
fish farms, swamps and waterways. A thick deposit of soft clay is found
over 10 metres deep, with 100-120% water content, on top of medium stiff
clay and stiff clay with water content of 50-90% and less than 50%
respectively.
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Soil is a multiphase system, comprising a solid phase (soil particles)
and a fluid phase (air and water) called the pore fluid. For soft clay, the
higher the volume of the fluid phase, the weaker and more compressible the
soil mass. Therefore, any reduction of water in the pores of the soil, which
decreases the volume of the soil mass (Figure 10) and subsequently
increases the particle-to-particle contact, increases the strength of the soil
and reduces its compressibility at service stage.

To be suitable for airfield pavement, pore water in the soft soil must
be squeezed out to result in water content around 80%. Thus, the soft clay is
transformed into medium stiff clay. This consolidation process can be
accelerated by a modern technique using Prefabricated Vertical Drains
(PVD).

,-'r. Farawaler
Folid panicla
— Entragped air Man-mada owsrhurdan

Figure 10: Natural and consolidated soft clay deposits.

PVD is a plastic tube core wrapped in a filter jacket, made of non-
woven polyester or polypropylene geotextiles or synthetic paper. PVDs
drain soil by squeezing out pore water, a process that can be accelerated by
adjusting the spacing of PVDs. In this process, water flows a lot more
quickly horizontally towards the drain and then vertically along the drains
towards the permeable drainage layer at the top. The step-by-step procedure
of consolidation using PVD is illustrated in Figure 11.

Figure 11: Consolidation process of soft clay under the airfield pavement
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5. WHAT'S NEXT?

In its press release issued on 15 February 2007, the Engineering Institute of
Thailand (EIT) strongly recommended that, similar to a first-aid treatment,
trapped water should be drained out urgently to minimise the potential
spread of cracks on taxi lanes, taxiways, and even on runway. This
immediate action should be carried out with the consent and cooperation of
all concerned parties including the project management consultants, the
designers and the contractors.

Alternatively, the AOT should seek temporary protection from the
court to implement the required first-aid treatment without damaging its
rights under the contract. Meanwhile, it was reported that the AOT plans to
commission a team of international experts to carry out an in-depth
technical investigation in order to recommend long-term remedies.
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ABSTRACT

The maintenance of concrete structures is essential and important to
maintain the safety of urban area. Most of the political, economical and
educational activities of a country are concentrated in urban area. If any
accident or hazard occurs, the effect is tremendous. Concrete structures are
durable and people easly forget about the durability aspects of concrete
structures. It is very important for both the owners and engineers to
recognize how important it is to maintain concrete structures to keep the
people safe in urban area. Before any accident of hazards happens, we
should keep eyes to the maintenance of concrete structures. This paper
describes what we are doing in Japan to maintain the existing concrete
structures.

1. INTRODUCTION

Up till now in Japan, the economic growth was rapid in the period of 1960

1980. More than 100million cubic meters of concrete were used to
construct the structures such as buildings, bridges, tunnels, dams, etc. to
support the activities of Japanese people. As a result, these infrastructures
rapidly reached 50 years in service, and due to deterioration of the structures,
maintenance of these structures has become a major interest among the
owners and the civil engineers.

On the other hands, population of Japan will reduce from now on
because of fewer babies in a family approximately 1.2 children per one
family. Although high technologies have been developed in recent years, it
is sure that fewer engineers have to take care of the huge amount of
structures from now on, which has never experienced in the past. Due to
reduction in the economical growth, the budget for both construction and
maintenance will be reduced in the future. The maintenance of existing
structures must be done with the following conditions: 1) rapid increasing of
the amount of existing structures reaching to the age of 50 years, 2) less
amount of engineers to maintain the structures, 3) less amount of budget can
be used to maintain the structures. .
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Although there are many hazards in each country, concrete structures
are expected to be safe for long period of time. Main hazards for the
structures in Japan are as follows:

1. Earthquake and volcanic action
2. Landslide and flood

3. Typhoons and strong wind

4. Fire and Thunder

5. Accidents

6. Terrorism

If the structure is deteriorated before the hazards, the structure may
easily collapse and difficult to maintain the safety of the people. The Figure
1 shows an example of a collapsed pier during Hanshin Awaji Great
Earthquake. As shown in the photo, the pier was deteriorated to large extent
due to alkali aggregate reaction. Concrete is cracked severely and is just
like a bundle of concrete blocks.

3
2
-
ﬂh. y
x,
-
gy
-

Figure 1. Collapsed reinforced concrete pier affected by alkali aggregate
reaction

In order to keep the safety of urban area, it is important to study and
investigate not only on hazards but also on durability aspects of existing
structures. Even a small amount of concrete spalling may cause traffic
accidents to large extent as we experienced in Sanyo-Shinkansen in 1999.

Considering these situations now, this paper explains what is
happening now in Japan and how we are dealing with the problems through
researches and engineering.

2. GENERAL MAINTENANCE METHODS BEING USED UP TILL
NOW

The maintenance of concrete structures has been done mostly by the owners
of the structures. In case of public structures, the ministries, etc. maintain
the structure after the structures are completed. For the time being, the
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methods for the maintenance differ according to the owners of the structures.
Although there are some differences, the main concept of the maintenance
can be summarized as follows (Uomoto and Misra, 2001):

1. Periodic inspection and evaluation of deterioration degree
2. Detailed inspection and decision making
3. Repairing and strengthening of deteriorated structures

For periodic inspections, the inspectors inspect the structures visually,
sometimes with the help of binoculars and hammers, once a year or once in
several years according to the importance and time after the structure is
completed. The inspectors are mostly trained engineers with experiences.
The detailed inspection is done when the estimated degree of deterioration
exceeds certain limit, or when some new phenomenon is found during the
periodic inspection. The detailed inspection is done by visual inspections
with the aid of non-destructive tests or taking core samples out from the
inspected structure. The purpose of the inspection is to decide the cause of
the deterioration and also to evaluate whether repair and/or strengthening is
needed or not.

To repair or strengthen the existing structures, it is important to design
and select sufficient methods and materials. The most popular repair
method for corrosion of steel bars due to carbonation is to eliminate the
carbonated concrete and replace it by new concrete and apply coatings with
and without FRP sheets. But in case of steel corrosion due to chlorides from
the surrounding environment, the highly chloride concentrated portion of
concrete are taken out, anti-corrosive treatment is applied to the surface of
the bar, and polymer cement mortar is generally used to repair the concrete
before coating the concrete surface.

3. NEW STANDARD SPECIFICATIONS OF JSCE

After the investigations of many deteriorated concrete structures, the
importance of durability was fully recognized by the civil engineers. To
deal with the problem not only JSCE, AlJ, and JCI recommending methods
to deal with the problems but also the Ministries, and other authorities
started to propose practical counter measures to cope with the situation. As a
result, a large amount of researches has been done related to the durability
of concrete structures including non-destructive inspection methods.

Among these authorities, the Concrete Committee of JSCE, the
leading committee in the field of concrete in Japan, has published the
translated version of “Standard Specifications for Concrete Structures-2002”
in English to deal with the problems of durability (JSCE, 2005a, 2005b and
2005¢). The concept written in the specifications will surely be adopted by
other institutions.

The main proposals of the “Standard Specifications” are the following
two items:
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1) Propose a new method to design and construct new concrete
structures that can be used for specified lifetime without large
amount of maintenance cost.

2) Propose an effective and economical system to maintain existing
concrete structures with small number of engineers and workers.

To deal with the problems for the items 1) and 2), the following two
Specifications are published:

1. The Standard Specification for Concrete Structures-2002
“Structural Performance Verification” (JSCE, 2005a)

2. The Standard Specification for Concrete Structures-2001
“Maintenance” (JSCE, 2005b) and

3. The Standard Specification for Concrete Structures-2002
“Materials and Construction” (JSCE, 2005¢)

The concepts of the new Standard Specifications are briefly explained
in the following chapters.

3.1 Durability design of concrete structures for new structures

Performance-based durability design was introduced to “Standard
Specification of Concrete Structures” by the Concrete Committee of JSCE
in the year 2000 and be translated to English version in 2005 (JSCE, 2005c).
Although durability of concrete structures was considered important in the
previous specifications, performance-based design method was not used.
The previous specifications described the importance of durability by
proposing that the concrete structures are durable for a long time when
specified materials, mixes, covers, etc. are used. But these specifications
did not mention about the duration of service time, etc.

The proposed performance-based new durability design can be
summarized as follows:

1. The concrete structure must be quantitatively checked whether the
structure possesses required performance within the designed
period.

2. The degree of deterioration of the structure in service on specified
cause must be specified.

3. To maintain the structure above the specified degree of
deterioration, the required performance must be specified.

To examine the performance on durability, a kind of limit state design

scheme was introduced for the durability of concrete structures. The
equation can be written as shown in Equation (1):

A
7 /%m <1.0 (1)

54 New Technologies for Urban Safety of Mega Citiesin Asia



ICUS Report 27

Where, A4is designed performance of the structure at specified time
considering the specified deterioration cause, Ajn 1S limit of the
performance of the structure, and v; is coefficient of the structure
considering the importance, etc.

Generally, performance of concrete has to be verified to satisfy the
required performance. Not only resistances against deterioration but also

mechanism properties of concrete have to be verified as shown below (JSCE,
2005c¢).

Compressive strength

Carbonation rate

Diffusion coefficient of chloride ions in concrete
Dynamic modulus of elasticity

Resistance to chemical attack

Resistance to alkali aggregate reaction
Coefficient of water permeability of concrete
Fire resistance

Adiabatic temperature rise

10 Drying shrinkage characteristics

11. Setting characteristic

00N U AW

The Figure 2 shows an example of the calculated result for minimum
cover thickness to prevent carbonation induced corrosion at different years
of service for OPC concrete and BFSC concrete. As shown in the figure,
the cover thickness required changes according to the type of cement to be
used, water-cement ratio of concrete, years of service and exposed condition
(wet or dry) of the structure to be constructed. When the structure is
designed for long period of time, the cover thickness may become too large,
and it is recommended to use other countermeasures such as Epoxy-coated
bars.

3.2 Methods of maintenance newly proposed by JSCE (JSCE, 2005b)

The methods used in the new Standard Specification are basically the
same as the conventional method. The differences are that the new method
requires to maintain the structure within their required performances
throughout their service life. Firstly, the listed below issues have to be
clearly specified.

1. To maintain a structure, performances required for the structure
must be clearly defined.

2. The performances required for general structures are “safety’
“serviceability”, “hazards to the public”, “aesthetics and
landscape” and “durability”.
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Figure 2: Calculated results of concrete cover according to JSCE Sandard
Specification (JSCE, 2005¢)

And the basic principles of maintenance works are as follows:

1. Structures must be maintained according to a designated
maintenance category by formulating a maintenance program to
retain the performance within the specified tolerances
throughout their service life. And maintenance system includes
adequate  “initial inspection”, “deterioration prediction”,
“inspection”, “assessment/judgment”, “remedial action”, and
“record”.

2. To maintain a structure, in addition to the assessment and
evaluation at the time of inspection, assessment and evaluation
must be made throughout the service life of the structure based
on prediction of deterioration.

3. To predict the deterioration, required performances of the
structure must be clearly defined, and also the design service life
must be made clear.

4. The records on design, construction, initial inspection,
deterioration prediction, periodical inspection, assessment
and/or evaluation, and remedial actions must be kept throughout
the service life.

Standards for maintenance of concrete structure deteriorated by
different mechanisms are also discussed. The lists below are the standard
maintenance method published in this standard:

1. Standard maintenance method for carbonation induced
deterioration
Standard maintenance method for chloride induced deterioration
Standard maintenance method for frost attack
Standard maintenance method for chemical attack

Standard maintenance method for alkali aggregate reaction

Nk
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6. Standard maintenance method for fatigue of RC slab of road
bridge

7. Standard maintenance method for fatigue of RC beam of railway
bridge

In detail for an example, the standard method for chloride induced
deterioration recommends the model to predict chloride ion diffusion,
progress of steel corrosion, and correction of the prediction. Also the
methods of initial inspection, routine inspection, periodic inspection, and
detailed inspection as well evaluation and judgment method are also
discussed. Finally, recommendation of selection of remedial measurement
both of repair or strengthening is given also the information has to be
recorded.

One of the difficulties is how to predict the degree of deterioration at
the end of their service life. There are several researches being done to
predict the deterioration in numerical manner (JSCE, 2005b). In the
published Standards, several numerical prediction methods are introduced as
references for structures suffering cyclic fatigue loads, carbonation induced
corrosion and chloride induced corrosion. In case of cyclic fatigue, S-N
curves are used to predict the service life. In case of carbonation induced
and chloride induced corrosion of steel bars, diffusion equations for carbon
dioxide and chloride are used to predict the degree of corrosion. Using
these prediction methods, deterioration degree can be estimated to certain
degree. (See Figure 3) But for other deterioration problems, which has not
been studied numerically, a quantitative model has not been proposed yet.
To deal with the problem, a qualitative method “Grading method” is
introduced in the Standard.
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Figure 3: Quantitative prediction of corrosion in marine environment with
cracks (Tsukahara et al., 2000)
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4. PROBLEMS IN ACTUAL EXISTING STRUCTURES

When a civil engineer is asked by the owner to check the safety of an old
existing structure, one of the largest problems is that there are neither
drawings nor construction records of the structure available. No problem
may occur in case of important facilities, which is maintained with great
care. But in case of normal structures, the owners do not know the
importance of these documents.

To deal with the problem, NDI is not enough. Fortunately, our
structures are not too old, and they are mostly designed and constructed by
the method specified by JSCE, AlJ or other associations. Considering these,
the only way is to re-design the structure again using the methodologies
used at the time of construction. Figure 4 shows an example of re-designed
bridge pier constructed about 35 years ago. From the figure, it is much
easier for a civil engineer to check the safety of the structure under several
hazards. It will become more important for the owners and engineers to
keep these documents throughout the service life of a structure.
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Figure 4. Re-designed reinforced concrete pier of a bridge (Okazaki, 2005)

5. CONCLUDING REMARKS

Engineering is not always complete, and further research works are needed.
To sustain existing structures, durability of the structure is important. One
good method is to construct durable structures, but for the existing
structures maintenance is the only way to deal with the problem. Although
concrete committee of JSCE has set up a good system for maintenance of
existing concrete structures, there are still many things to be done: not only
researches but also education to the students and engineers about durability
and maintenance. I hope this paper may become a help to the concrete
engineers of the world who are trying to design, construct and maintain
concrete structures.
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ABSTRACT

Triggered by a M9.0 earthquake that occurred along the Sunda
Trench, Off-Sumatra, at 07:58 (local time), on December 26, 2004, a huge
and devastating tsunami hit the Indian Ocean Rim countries, causing
unprecedented disaster with over 300,000 dead and missing persons. The
analysis of other potential tsunami scenarios in the region has revealed that
1.3 million dead and missing people may be expected, at worst. Therefore,
an effective and sustainable framework against tsunami disaster is
indispensable in this region.

Land use control, i.e. preventing people from residing next to the
shore, is one way to mitigate tsunami disaster if people follow it. However,
thisis not always a proper option in the Indian Ocean Rim region where the
economic activities, e.g. fishing, tourism, take place directly next to the
seaside. For this case, a New Tsunami Disaster Mitigation System by
combining a reliable warning system and proper evacuation facilities is
proposed. Important characteristics of this system are its smplicity,
economical efficiency and daily-usability.

This paper introduces the New Tsunami Disaster Mitigation System,
highlighting its strengths and the works necessary for its implementation.

1. INTRODUCTION

Triggered by the M9.0 Earthquake that occurred along the Sunda Trench,
Off-Sumatra, at 07:58 (local time), on December 26, 2004, a huge and
devastating tsunami hit the Indian Ocean Rim countries, causing
unprecedented disaster with over 300,000 dead and missing persons. The
tsunami was triggered by one of the possible earthquake scenarios along the
Sunda Trench. Four other potential earthquake events along the trench have
been identified and the expected number of casualties in case they occur has
been estimated. As a result, it was revealed that 1.3 million dead and
missing people are expected, at worst, as shown in Figure 1. This number is
several times larger than the observed in the December 26, 2004 event,
showing that an effective and sustainable framework against tsunami
disaster is indispensable in this region.
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Figure 1: Estimated damage based on numerical tsunami simulation
with possible fault scenarios along the Sunda Trench

(c) Estimated Death Toll and Missing Persons
due to Different Scenario Faults

Some countries along the Indian Ocean Rim have established a
tsunami disaster mitigation system based on land use, i.e. prohibiting people
inhabiting next to the seaside. Others are planning to adopt similar measures.
Land use control is an efficient measure if people follow it. However, this is
not always a proper option in case activities such as fishing and tourism,
which are the pillars of the region economy, take place directly next to the
shore. Under these conditions, it is inapplicable to implement land use
control policies.

In the Pacific Ocean Rim region, tsunami disaster mitigation relies on
a sophisticated warning system, which is used not only for disaster
mitigation but also for earth science research. This system is costly in terms
of both installation and maintenance. Furthermore, it requires a great deal of
knowledge to operate it. Although it is very useful and appropriate for this
area, where countries with financial and technological resources such as US
and Japan are located, it is not applicable for the Indian Ocean region
(Figure 2).

Taking the above mentioned points into consideration, a New
Tsunami Disaster Mitigation System which combines a warning system
suitable for the Indian Ocean region and proper evacuation facilities in
terms of location, strength and sheltering capacity is proposed. With this
system there is no need to relocate the people living along the seashore;
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therefore, there is no impact on the local economies. The proposed system is
simple, economically efficient and daily-usable.

Tsunami Warning System
(TWS)

Conventional
TWS

Proposed
New TWS [ Z

Low Cost, Simple and Daily Useable [§ Sophisticated but Expensive and Complicated

The minimum unit of the proposed system
would be one or two simple multi-purpose
observation buoys with solar battery
system operated by one beach society,
such as hotel resort society or its network.
temperature, current velocity, wave
height, moisture, etc. on a daily basis

Redundant and ea5|er/;heaper to sustain Difficult to maintain the system
Because of more and simpler stations

Useful for earth-science

But, from disaster mitigation
purpose, frequency of use of
the system is very small.

44—

With daily usability Long return period of Tsunami
Weather forecast, Safety information, t'rg'md resources, researchers and
Break unscientific rumor P“ get ) ’ i
Prediction of catch of fish, Fish dude ranch, etc. oor experiences of tsunami disaster

Figure 2: Comparison between conventional and newy proposed
tsunami warning systems
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Leisure Condition
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(a) Concept of TWS using Multi-Purpose Buoy (b) Networked Multi-Purpose Buoy System

Figure 3: Concept of proposed tsunami warning system composed of
networked simple multi-purposes observation buoys installed
locallv and internationallv

2. PROPOSAL OF THE NEW TSUNAMI DISASTER MITIGATION
SYSTEM

My proposed New Tsunami Disaster Mitigation System combines a reliable
warning system and proper evacuation facilities. As mentioned earlier, a
warning system such as the one available in the Pacific Ocean Rim region is
not suitable for the Indian Ocean region which has fewer technological
resources, researchers and experiences of tsunami disasters. For this reason,
I am proposing to use simple multi-purpose observation buoys, which in
addition to serve as a tsunami warning system, would record temperature,
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current velocity, wave height, moisture, etc. on a daily basis. This
information can be used for weather forecasting, safety assessment, fish
catch prediction, etc. which are useful for the local businesses (Figure 3(a)).
My proposal is to use numerous and simple stations so that the system is
redundant and easier/cheaper to sustain. The minimum unit of the proposed
system would be one or two multi-purpose observation buoys operated and
maintained by hotels/resorts or beach societies in the area. These businesses
will benefit from the daily collected information.

It is expected that many beach societies install the system and join the
multi-purpose observation buoy network beyond the administrative or
international boundaries (Figure 3(b)). In this way, it may be possible to
gather daily maritime information over a wider area and eventually forecast
a transoceanic tsunami. A system for transferring this information between
associations, domestic and foreign, already exists.

The installation of the proposed buoy system could have additional
advantages. After the December 26, 2004 tsunami, the tourism industry has
suffered greatly not only due to direct impact of the tsunami in the
infrastructure but also due to the unscientific rumors. Visitors that used to
come to resort facilities in the region started avoiding these destinations for
fear that a new disaster may occur. In order to recover the tourists’ trust, the
information collected by the buoy system can be very useful. It is also
known that buoys may become the center of marine ecosystems which could
be an attraction for scuba divers.

Proper evacuation facilities in terms of location, strength and sheltering
capacity are also part of the proposed system. In the region, it is common to
observe temples, churches and shrines located along the coastal line.
Therefore, 1 am proposing to use similar community centers as evacuation
facilities. This scheme has two main advantages. Because worship centers
are permanently used by the people, their location is well known so that in
case an evacuation notice is released, everybody can easily access them.
Additionally, because the people feel strong commitment with these
facilities, they take active participation in their building and maintenance.

3. ESTABLISHMENT OF THE PROPOSED TSUNAMI DISASTER
MITIGATION SYSTEM

In order to establish the proposed system, several works are needed as
shown in Figure 4 and the reconnaissance team, which | headed, carried out
them.

1) Structural damage survey

2) Tsunami numerical simulation
3) Topographical survey

4) Questionnaire/Interview survey
5) Evacuation numerical simulation
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The first three activities are closely interrelated and their main objective
IS to design the configuration and location of evacuation centers. The
structural damage survey is intended to evaluate the tsunami load and
corresponding damage. With this information, the relationship between
tsunami wave load and wave height/velocity can be obtained. With tsunami
numerical simulations using potential earthquake scenarios, it is possible to
estimate the wave height and velocity and the tsunami inundation area due
to future tsunami hazards. These data enable us to properly determine
location and structural design criteria for evacuation facilities.

Numerical Tsunami ; Questionnaire Proposal of
Dg;ngtgrgc?uﬂgsey Simulation using T°p§3:353 e and Interview New Tsunami
Potential Faults Survey Warning System
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Figure 4: Establishment of the proposed tsunami disaster mitigation system

In order to guaranty that the evacuation centers are fully functional,
their location should be selected so that when the expected tsunami occurs
they will not be washed away. For this purpose, it is indispensable to carry
out a topographical survey. Real-time kinematic GPS and laser total stations
are powerful tools for this purpose.

Questionnaire and interview surveys are useful to gather data
necessary for the evacuation behavior simulation. Relationships between
human evacuation velocity and water depth, which are needed for this study,
have already been proposed. The simulation will confirm whether the
escape routes and proposed evacuation centers are suitable. Because the
proposed tsunami disaster mitigation system heavily relies on the
participation of regional organizations, the interviews are also helpful to
assess the level of acceptance of the system among the people involved.
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4. CONCLUDING REMARKS

This paper presents a New Tsunami Disaster Mitigation System for the
Indian Ocean Rim region, which combines a reliable warning system and
proper evacuation facilities. The warning system consists of multi-purpose
observation buoys operated by local organizations such as hotels and beach
associations. The system is not only used for tsunami warning but also to
monitor temperature, current velocity, wave height, moisture, etc.,
information which can be used on a daily basis for the economic activities
of the region.

The proposed evacuation facilities are designed taking into
consideration: sheltering capacity, location, and structural strength. Location
is especially important to prevent that the structures are washed away by the
tsunami and to guaranty an easy access for the evacuees.

In order to verify the suitability of the proposed system, tsunami and
evacuation simulations are recommended. Actually, the research team
headed by the author has already perform this type of study with some
selected areas in Japan and Sri Lanka and proved the system effectiveness.
The strong points of the proposed system are its simplicity, economy and
daily usability, which makes it a sustainable option for the region.
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