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ABSTRACT

Although tetrapods are used in many countries around the world,
probably no nation has used them so extensively as Japan. They, and
other shore protection structures, have been used on subsiding and low
cliff coasts, in harbors, along sand and shingle beaches, and on
coasts subjected to ice action. Although tetrapods are mainly used in
shore defense, they also have other uses such as enclosing specific
areas for aquaculture, creating artificial currents 1n estuaries, and
as submerged offshore barriers for the purpose of creating new beaches.

The tetrapod (patented by the Nippon Tetrapod Co., Ltd.) has many
variants. In Japan, for example, weights presently used range from 4
to 50 tons. Usually before the size to be used Is specified, model
tests are conducted in laboratories.

New types of structures are continually being developed in Japan.
One of the most recent additions is what has been labeled the "Igloo."
It is a wave dissipating wall in which vertical moving waves are con
verted into horizontal waves by curved vertical plates within the
structure. In 1975, Igloos were constructed along 4 separate coasts
in Japan and to date have proven very effective. Also, according to
the company, they are "in harmony with the environment," a claim one
could hardly make for tetrapods. If such "environmental blending"
proves acceptable to the public, one of the stresses which has received
additional attention in recent years, the visual stress, will be
lessened greatly.

*This paper 1s a slightly revised version of "Tetrapods, Igloos, and
the Coast of Japan," published in the ONR Tokyo Scientific Bulletin,
Department of the Navy, Office of Naval Research.
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INTRODUCTION

Japan, with an area three times that of Louisiana has a coastline
that is 31,382 km long. This length provides an exceptionally favor
able value of one km of coastline for each 14 km2 of area. Nonethe
less, population density Is so great (275/km2) that each kilometer of
Its highly varied coastline Is shared by nearly 4,000 people.

In many places hills and mountains rise directly out of the sea
and peninsulas and small islands are numerous. Some coasts are vol
canic; others are earthquake prone and extensive earthquake-generated
landslides are not uncommon. There are other coasts however, which
are low; some have long beaches, others have sand bars and/or sand
dunes, and still others have abrasion platforms. Coral reefs occur 1n
the south and lagoons are common along many coasts. Some lagoons, such
as Hachirogata 1n northern Honshu (Fig. 1), have been reclaimed. For
merly Hachirogata lagoon was the second largest body of water 1n Japan,
but during the 1960's much of it was filled in order to increase the
country's rice production (Noh and Gordon 1974).

"•m Sandy cootl

imti Severe erosion

-» Igloo conirruction
titei (1975)

F1g. 1. Japan and coastal
characteristics. Locations
at which Igloos are under
construction are:
1. Numazu, 2. Kochi,
3. Hosojima, and 4. Karatsu.
Adapted from Sunamura, 1973.

Marine generated coastal processes are equally as varied. They
include erosion by ice on the shore of the Sea of Ohkotsk in Hokkaido,
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by monsoon generated waves on the coast of the Sea of Japan, and by
typhoon and tsunami generated waves along much of the Pacific shore
line. Although exposed coasts are lengthy and bear the brunt of waves
which frequently have an extremely long fetch, there are many relative
ly protected lagoon, bay, and sea (as in the Inland Sea) coasts.

The fact that the coasts of Japan are Important in the lives of
the Japanese people is well known. Fishing has been traditional and
prosperous and fishing villages dot the coast. Coastal catches, how
ever, have recently decreased—partly because of local overfishing and
partly because many fish are now being caught 1n deep waters before
they reach the coast. Another Important factor is the increase in pol
lution of coastal waters (Matsulshi 1975). Pollution has progressed
to such an extent that the cultured-pearl Industry is suffering. None
theless, the coastline and its numerous bays and harbors is still
important for its abundant biotic resources. Further, increasing
attention is being given the development of aquaculture—a lagoonal
and coastal enterprise. Fish farming techniques have been developed
to the point that they are among the best 1n the world (Takeuchi
1975).

In addition, Japan is one of the world's leading industrial
nations. However, it differs from most of the rest of the industrial
nations in that its industry 1s based almost entirely upon imported
raw materials. These materials, once converted into manufactured
goods, are exported. Most large Industrial complexes are located in
the lowland along coasts and especially along coasts on the country's
Pacific side where the best harbors are found.

The physical nature of the land, a fishing heritage, and an
industrial emphasis have combined with other factors to attract great
concentrations of people to coastal areas. Today, some 80% of the
over 100 million population of Japan are so located.

COASTAL RESPONSIBILITY

Of the 31,382 km coastline, it has been calculated that 15,020 km
or 47.955 needs protection of some kind (Fig. 2) and that 10% suffers
from severe erosion (Fig. 1). This 15,020 km is under the control of
three Ministeries although in actuality only 12,327 km has been offi
cially assigned (Fig. 2). A little over half (8,080 km) has some
protection at present, i.e., one quarter of the coastline of Japan has
been modified to some extent by man.

The three Ministeries that control the protection efforts along
the coast of Japan are those of Construction, Agriculture and Forestry,
and Transportation (Fig. 3). Each has responsibility for lengthy
shores with the longest belonging to the Construction Minestry. Nearly
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half of the shoreline needing but not yet protected, is under its
jurisdiction.

TOTAL LENGTH: 31,382 KM.-

-NEEOING PROTECTION: 15,020 KMr

COASTS ASSIGNED: ™*f«?f>
"12,327 KM"

WITH SOME

p*—PROTECTION^-*"
8,080 KM

2,693KM

WITHOUT

-PROTECTION:-!
6,940 KM

NOT NEEDING PROTECTION:
16,362 KM."

Fig. 2. Coastal protection characteristics.
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Fig. 3. Ministries and coastal responsibilities.
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In recent years the increase in monies for coastal protection has
been rapid. In 15 years the amount has increased eight times from 9.1
billion yen in 1961 to 76.1 billion In 1976 (Fig. 4), i.e., a value of
about $260 million (National Coastal Association 1976).
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Fig. 4. Government funds allocated for coastal protection.

CLIFFY COASTS

Although cliffy coasts are common in Japan, only recently have
they begun to attract scientific attention; an attention that has
resulted from the construction of scenic highways and atomic power
stations (Sunamura 1973). Indeed, some of the erosion-prone cliffs,
especially those adjacent to railroads and highways, are now protected
by artificial coverings. Prior to such aesthetic and energy related
interest, the severe erosion that occurs along cliff coasts was of
little concern. Erosion rates along many cliff coasts range to over
2 m/year with rates depending mainly on rock strength and wave energy.
Whereas the beaches along sandy coasts can be restored by artificial
nourishment with some success, cliffs, once eroded, are gone and can
hardly be returned to their original state.

SUBSIDENCE

Subsidence began to receive serious attention only recently in
Japan, just as in the United States. In Japan it had become an impor
tant problem before World War II because of the rapid advance of
Japan's industry after World War I. Overpumplng the ground water
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and/or natural gas, especially that associated with the industrial
areas In Osaka, Tokyo, Nagoya, and Nllgata, resulted In much subsi
dence (Nakano 1970). In all of these cities there are now large areas
of land below the "zero-meter Hne" (as the Japanese refer to their
non-marine land presently situated below sea level). The areas
involved are sizable; the largest 1s 1n Nagoya where over 200 km2 are
below sea level. The rate of expansion of subsided areas has also
been rapid; e.g., 1n Tokyo the zero-meter region increased from 35.2
km2 in 1960 to 61.5 km2 by 1970.

Osaka provides an Interesting and Informative example of change
in subsidence rates with changing conditions. One hundred years ago
the coastal part of Osaka was used for rice cultivation. Between WWI
and WWII much of this area was converted Into a massive industrial
complex. Ground water was pumped in great quantities and subsidence
followed. During WWI, however, the factories were destroyed, ground
water consumption decreased, and subsidence ceased. After the war,
industrial development was reinitiated, groundwater consumption again
increased, and subsidence began anew. This condition continued until
the 1960's when laws were enacted restricting groundwater usage resul
ting in stabilization of the land surface.

Subsidence aggravated disasters in the past 1n many locations in
Japan. A typhoon In 1959 was responsible for heavy flooding in
Nagoya, flooding which killed more than 5000 people. Much of this
disaster occurred in the zero-meter region. In Nllgata, it was a
severe earthquake in 1961 that brought about flooding in the subsided
area. These two disasters led to the construction of seawalls not
only 1n Nagoya and Niigata but also in Tokyo, Osaka, and other areas
where subsidence has been severe.

SEA WALLS

In all coastal areas where subsidence has been severe lengthy
seawalls have been constructed. Indeed, the retaining wall—of which
the seawall 1s a marine version—Is one of the most conspicuous and
wide spread artificial forms to be seen near water in Japan. Artifi
cial levees, for example, border most rivers whereas seawalls are
found along many low-lying coasts. Some seawalls are very old and
many display several stages 1n their development. Heightening and
widening seawalls along some coasts appears to be an almost continuous
effort. Along some shorelines, especially those where typhoon waves
are likely to be accentuated, seawalls are more than 15 m high. At
other locations seawalls merge with river mouth retaining walls and at
these locations serve the double purpose of preventing encroachment of
the sea and controlling river flow.
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From the standpoint of loss of Hfe and property the retaining
wall is undoubtedly the most important of the man-made coastal modifi
cations. Great amounts of money, time, and scientific effort have
been expended In attempting to control beach erosion, as well.

Sand removal from coasts is a natural process, and has been since
the still-stand of sea level was reached some 5,000+ years ago. How
ever, 1t has become aggravated along many coasts of the world because
of a variety of human activities—especially those activities related
to altering the discharged sediment load of rivers through the con
struction of dams and river linings. Along the Niigata coast, for
example, shoreline sand starvation, because of modifications of the
Shinano River, has been so great that the beach has receded more than
300 m during the past 50 years.

The groin has been the structure most commonly used to prevent
coastal beach loss and to trap sand formerly lost due to longshore
drift. Groins have not always been successful and other methods such
as detached breakwaters have recently been introduced.

The experiences at Kaike Beach in southern Honshu 1s an excellent
example of man's effort 1n Japan to not only stop beach erosion but to
re-establish eroded beaches (Toyoshima 1973). Kaike Beach faces the
Sea of Japan which is notorious for its rough seas during the winter
monsoon season. This beach has long suffered from severe erosion and
local peoples, using pine logs and sand bags, were unsuccessful in
their attempts to control it. Between 1946 and 1956 groins were con
structed along the beach and although the beach was initially reestab
lished slight changes in wave regimes and unrepaired wave-damaged
groins again led to loss of the beach by the early 1960's.

The next attempt at Kaike was the construction of 3 detached
breakwaters 150 m offshore. The dissipated wave energy not only
reduced the erosive nature of the waves but also brought about the
formation of tombolos between the shore and the breakwaters reestab
lishing the beach.

Additional benefits have accrued from the use of detached
breakwaters as exampled at Ishizaki, a fishing village on the south
coast of Hokkaido. In 1960-61 seawalls were built at the back of the
beach. The sand in front of these seawalls was stripped from the bed
rock eliminating the beach. Plans at first called for groin construc
tion but it was decided to use detached breakwaters instead. In all
12 of these structures were built and all served the purpose of re
establishing the beach in the form of tombolos, an additional benefit
accrued. Because of the nature of these breakwaters, the sand on the
bottom seaward of the structures was transferred to their innersides.
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This transfer exposed the rocky sea bed in front of the breakwaters, a
surface upon which an important type of seaweed grows well. Because
this seaweed 1s a desirable food item, its presence serves as an addi
tional and now a very important source of income to local fishermen
and their village (Toyoshima 1973).

TETRAPODS

Although seawalls are usually solid concrete they sometimes are
buttressed by other materials, frequently tetrapods. Tetrapods have
been used In Japan for over 20 years. One of the first structures
made from them was an offshore breakwater at Niigata. Taking several
years to construct, it required nearly 90,000 tetrapods before comple
tion. Most of these tetrapods (being among the first made) weighed
only 4 tons. Today they come in many sizes, the largest now being
used weigh 50 tons.

One of the most common uses of tetrapods is for breakwaters In
connection with harbors as at the ports of Abashari and Rumoi 1n
Hokkaido, and Kuji, Sandai, Fukushima (in connection with a nuclear
power plant), and Aklta 1n Honshu. Most structures use a variety of
sizes, e.g., the breakwater constructed for the Tokyo Electric Power
Co., Ltd. at Fukushima took 5 years (1966-1970) to complete and
required 820 - 8 ton, 3,482 - 10 ton, and 5,827 - 25 ton tetrapods.

The tetrapod 1s patented by the Nippon Tetrapod Co., Ltd.,
headquartered in Tokyo. It and other companies have developed a
variety of forms since WW II. Many coastal sections have several types
present and represents either different models used by the same com
pany or models from different companies.

Today, prior to the actual construction of most systems, model
tests are conducted. The Nippon Tetrapod Co., for example, has a
large, modern, well equipped laboratory near Tsukuba, the new research
center for Japan about 60 miles north of Tokyo.

IGLOOS,

An additional function of this laboratory is the development of
new models for use in shore defense systems. Better coastal defense
and lower cost of construction and maintenance are major objectives In
this research. An additional reason, and one that is increasing 1n
importance as social attitudes change in Japan, 1s the Increasing
demand for an aesthetically pleasing design—the need to decrease
visual pollution.

One of the most recent developments 1s the "Igloo." It Is a wave
dissipating structure which can serve as a retaining wall and even a
wharf (Palmer 1975). The structure 1s made of a series of concrete
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components (Fig. 5) which are produced in 6 standard sizes varying 1n
weight from 20 to 40 tons. When the Individual components are
combined, a wall is formed which 1s composed of a series of vertically

Fig. 5. Perspective
drawing of an Igloo
component.

interconnected circular chambers. As a wave strikes the vertical
front Its water is separated into layers by the horizontal plates
which join the tiers of the igloos together. Each layer of water is
separated by the vertical rounded pillars into water jets. Each jet
flow is divided into counter rotating whirlpools within the chamber
and with a loss of energy because of friction. The connection between
the tiers of Igloos permits vertical flow resulting in turbulence and
further loss of energy. The water descends through these connections
to discharge seaward into the following wave trough.

Construction of this type of wave dissipating wall was begun at
4 different locations in Japan (F1g. 1) during 1975. When completed
these 4 walls will be 950 m in combined length. The prospects for the
construction of other structures of this type are excellent. The
igloo's major asset is the obvious one of energy reduction—however,
another benefit is that it meets the recent demand in Japan that man-
made structures also "be in harmony with nature and the environment"
(Palmer 1976).
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