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Chapter 1. Preface

Unfortunately situated along the circumpacific earthquake zone, Japan
has earned fames also for haunting earthquakes of grand scales. The Japan-
ese engineers have been compelled, therefore, to establish a practice to
take into account earthquake effects as one of the major external forces to
be considered in the design of almost any type of structure. The practice
demands various careful treatments especially for such public utilities as
earth-structures, foundation works, bridges, dams, harbor facilities and
water supply systemg;each treatment embodying time-honored experiences plus
results of scientific researches of Japanese engineers.

As a token to commemorate the 2nd world conference on earthquake engi-

neering, the following six authorities, namely,

the Japanese Society of Soil Mechanics and Foundation Engineering,

the Bridge and Structural Committee, Japan Society of Civil Engineers,
Japanese National Committee on Large Dams, .

Port and Harbor Bureau, Ministry of Transportatibn,

Japan Waterworks and Sewerage Association and

Earthquake Engineering Research Committee, Japan Society of Civil Engineers
compiled histories of earthquake damages, current aseismic design procedures,
important results of research act1v1t1es and other related data in their
fields.

Though every one of the presented data is deemed a contribution of
8reat interest to enriching the aseismic engineering at large, it is not
possible to present them at the conference in their entirety in the limi ted
space assigned to each author. The writer will therefore confine himself
to trying only a general review of these data. For further details, readers
are refered to the recent publication of the Japan Society of Civil Engineers,
titled "Earthquake Resistant Design for ClVll Engineering Structures, Earth
Structures and Foundations in Japan".

Chapter 2. Earth structures and foundations
81. Curreri methods of earthquake resistant design
1) Design seismic-coefficient
For the purpose of earthquake-resistant design of foundation for build-
ing and civil engineering structures, including earth structures, the so-

called seismic-coefficient method is commonly used at present. In the seis-
mic-coefficient method the force equal to the weight of a mass multiplied
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by the specified value of seismic-coefficient is assumed to act statically
at the center of gravity of the mass, and the stability of a structure is

checked under the above loading condition. In general, the action of the

seismic force is considered in horizontal direction alone, whereas in some
cases the vertical force is also taken into account.

Values of design seismic-coefficient specified in different fields of
construction engineering will be shown in the followings.

a) Building foundation

Earthquake force is agsumed to act in horizontal direction alone and
the value of design seismic-coefficient, k, is determined within the spe-
cified range of 0.096 - 0.300 depending upon the ground condition and the
type of the construction of the building.

b) Bridge

See Chapter 6.

¢) Dam

See Chapter 4.

d) Port and harbor structure

See Chapter 5.

e¢) Embankment

For earth structures such as river dike, coastal levee or highway em-
bankment, no effect of earthquake action is taken into account. The reasons
“for this treatment are that (1) river dikes and highway embankments may be
easily repaired even when they are damaged and (2) furthermore, for river
dike which is to be designed with due consideration of flood, it may be per-
mi tted to assume that flood and earthquake seldom occur simul tansously.

2) Earth pressure

To compute earth pressure upon a retaining wall under the action of
earthquake force, Coulomb's earth pressure formula is used in general, with
the assumption that the back-fill is actéd upon by horizontal acceleration
k x g (g3 acceleration of gravity) or both by horizontal and verticsal -ac-
celerations. However, when conditions are favorable, the increments of
earth pressure due to earthquake are 'sometimes disregarded.

3) Soil reaction

Soil reaction acting on the base of footing under the influence of
earthquake forces is usually assumed to be distributed in a trapezoidal or
triangular form. ‘ :

4) Bearing capacity of soil
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For building foundations it is permitted during earthquake to double
the allowable bearing value of the subsoil or of the pile for normal case.
This concept is, however, not always supported in other fields of construc-
tion and the ways of estimating bearing capacity under the aciion of earth-
quake are quite different.

5) Resistance against sliding

The resistance against the sliding of a structure is also examined
when the structure is subjected to earthquake forces.

6) Barth structures

In design computation of earth dam, it is assumed that the earthquake
force acts in horizontal direction and the factor of safety is calculated
by taking the ratio of total shearing resistance to developed shearing
force along the most unfavorable circular surface of sliding. Furthermore
the pore water pressure is also taken into. account in the above computation.

The angle of slope of the downstream side of a rock-fill dam for slag-
dump of an ore mine is determined so that the following condition is satis-
fieds

i< & - tan 'k

wherein
i : angle of slope
¢ : angle of intermal friction of rock-fill material (assumed to be

equal to angle of repose)
k : design seismic-coefficient

7) Factor of safety

In some fields the factor of safety for a structure is reduced during
an earthquake in a similar way to above stated building foundations. This
idea is based on the momentary character of earthquake and the economy of
construction. Since, however; the effect of earthquake force has not been
fully revealed as yet, the reduction of the factor of safety during an
earthquake is often disfavored,,

For an earth structure such as earth dam, the factor of safety may be
equal to unity during an earthquake, which is determined as mentioned be-
fore as the ratio of total shearing resistance to shearing force developed
along the most unfavorable circular surface of sliding. In general, thus
designed earth structure provides the factor of safety equal ta 1.5 to 1.7
in normal cases.

The factor of safety during an earthquake as to sliding of gravity-type
quaywall may be Teduces to unity, while for some railway structures such as
retaining walls the factor of safety for earthquake force is often consid-
ered as same as in normal case.

2. Problems in earthquake resistant design
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Beczuse of the facts that the effects of earthguake, especially on
ear.h structures znd Toundations, are not precisely known as yet and that
the desinsning is inevitably influenced by economy, it may be said that the
general policy for earthquake-resistant design in Japan is likely to be
underiain by a philcsophy of resignation.

The reduction of the factor of safety during an earthquake as stated
in the previous paragraph may not necessarily be justified, if a great earth-
guake loosens the ground or causes an abrupt increase of pore water pressure
and & loss of strength of subsoils. However, as to the behavior of the sub-
s0il benesth a structure or the change of pore water pressure due to earth-~

gquake, may things remain still unknown.

On the other hand, the full-scale gnd model tests under static loadings
carried out in the National Railways show that some assumptions in conven-
tional theories of stability compuiations are not adequate. For instance,
it has been an accustomed practice to check the stability of a shallow foot-
ing for overturning and sliding separately; however, it is shown that the
resistance against sliding changes with the magnitude of overturning moment
and, consequently, the conventional practice to assume a constant resistance
against sliding is not correct. Both effects of overturning and sliding are
thus cleosely related to each other and should not be dealt with separately.

The usual assumption, that soil reaction upon the wall surface of a
well or a caisson acts purely in horizontal direction, distributions in a
parabolic form and is not allowed to exceed the value of Rankine's passive
- pressure, iS far from the actually observed result. In reality, the reac-
tion at the wall surface is not horizontal but involves a vertical compo-
nent due to friction and adhesion. Even whan the magnitude of this reac-
tion exceeds far more than Rankine's passive pressure, the soil does not
perfectly reach the state of yielding.

Fortunately, such inadequacies in the theory of stability computatiocns
are graduelly being removed and corrected to some extent by analysing re-
sults of static tests; nevertheless, as for deformation characteristics and
strength of subsoils under the action of dynamic forces such as earthquakes,
it could not be overemphasized that many unsolved, important problems should
be studied in' the near future.

While various attempts have been made with respect to vibration tests
of model foundations, satisfactory conclusions have not yet been obtained.

It is expected that many uncertainties would be made clear if full-
scale foundations were subjected to strong, artificial vibration and their
behaviors were carefully observed. Unfortunately, however, it is quite
difficult in the present state of techmiques to generate and control at
one's disposal such a strong vibrational motion that would cause damages to
the specimen. Consequently, in addition to the development of basic the-~
ories, the establishment of empirical earthquake-resistant design method
based on analyses of observed earthquake damages is most important under
the existing circumstances. In order to promote such an empirical studies
the Japanese Society of Soil Mechanics.and Foundation Engineering should like
to make proposal 1o World Conference on Earthquake Engine®ring to establish

an international standards of questionaire on earthquake damages. It will

1920



Earthquake~Resistant Design for Structures in Japan

be a great help to have unified and comprehensive information on garthquake
damages at every part of the world.

Chapter 3. Water supply works
§. Introduction

Aseismic structures for the water supply works in our country are de-
signed in accordance with the standards determined by the Japan Waterworks
and Sewerage Association in 1953. These standards specify the general
principles of aseismic structures and the detailed treatises of special
structures for water supply works. Some notes about the latter will be
given here,

82, Detailed treatise
A, Water source installations

(1) Careful precaution shall be exercised so that the outlets and out-
flow channels, either of open-channel or of tube type, may not be clogged by
surface soils and rock debris originating from adjcining hills at the time
of earthquake.

(2) Intake tower

(a) The most desirable type of an intake tower is a reinforced con-
crete structure resembling a cylindrical appearance.

(b) The intake tower shall be given a reasonably deep embedment into
a strong foundation. When a sunk-well technigue is applied, the embedment
depth shall be sufficiently large and the bottom lined with concrete to a
considerable thickness.

(c) The conduits leading away from the intake tower shall be, if
possible, iron pipes embedded deep below the water bottom.

(d) It is desirable to make a foot bridge approaching the intake
tower as light as possible so that the tower may remain free from any extra
load,

(e) It shall be avoided to locate the intake tower at such places
where there is a possibility of burial due io collapse of river embankment
or hill slopes, or of scouring due to currents.

(f) In computing the stability of an intake tower, a particular em-
phasis shall be placed on the buoyancy so that the safety of the siructure
may be guaranteed against earthquake shocks when the interior is empty.

(3) For such intakes of gate and pipe type the same sort of care
shall be exercised as for the case of a reservoir.

(4) The intake pipe crossing an embankment shall be made of iron,
laid upon a strong solid foundation, well protected with concrete, and re-
filled with special care.

(5) As an infiltration gallery, a perforated reinforced concrete pipe
equipped with sockets of sufficient strength and considerable depth shall
be laid on a homogeneous foundation: tihe spigot shall be inserted sufficien-
tly deep into the socket and its periphery protected with strong wooden

frames or other devices. )
(6) It is desirsble that the attached manholes and junction wells

shall be placed on an especially strong foundation, and the join?s connect-
ing 2 or 3 succeeding pipes immediately adjoining them on both sides shall
be dressed in comparatively long thimbles. o .
(7) The portions of an infiltration gallery other than the 1nf1}tratlon
pipes, including the part crossing an embankment, shall be made of high-qu-
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ality pipes without openings and the joints shall be completely water +tight.

(8) The side walls of a shallow well shall be, as a rule, of a cylind-
rical form and built of reinforced concrete.

(9) A deep well casing shall be egqual or superior to the JIS-G3427-type
gas pipe; the joints and strainers shall also possess sufficient strength.

(10) Deep well casings shall project beyond the floor slab of the pump
chamber.,

(11) It is not advisable to shape the upper portion of a deep well
casing similar to that of a shallow well in order to use it also as a pump
well,

B. Water conveyance installations

{1} In principle, an open channel and a culvert shall be built of rein-
forced concrete with the combination of the bottom and side walls behaving
as a monolithic unit.

{(2) It shall be avoided to place them on or inside the refilled soil.
When otherwise impossible, the technigues applied to purification installa-
tions shall be employed.

(3) The expansion joints shdll be installed at approximately 10 to 20
m intervals; they shall also be used at such places where different geolo-~
gical formations meet, and before and behind a bridge, weir, manhole and
gate, etc.

(4) The route of a tunnel shall avoid such places as a hill slope which
exerts a biased loed.

(5) Since the entrance and exit of a tunnel are liable to collapse,
they shall be protected adequately.

(6) At such places where there is a fault line runing in the vertical
direction or where sharply differring geological formations meet, the tunnel
lining shall be insulated and the lining before and behind this position
particularly strengthened.

(7) Since an agueduct structure is top-heavy, the design shall be so
arranged as to prevent it from falling off the bearing plate due to a
horizonital thrust of an earthquake, For such purposes it is advisable to
extend arms from bridge piers or bearing posts, and connect the bridge piers
or bearing posts to the aqueduct beams with diagonal members so that both
tensile and compressive stresses may be transferred directly to the piers,
bearing posts or beams.

(8) The piers or bearing posts of an agueduct bridge shall be equipped
with appropriate transversal straddling post to prevent overturning due to
earthquake.

(9) The post of the aqueduct bridge pier and the foundation shall be
connected adeguately.

(10) The abutment(of an aqueduct bridge), which is generally vulnerable
to earthguake shocks, shall rest on a firm solid foundation with a large
embedment depth.

(11) Since the connection of the conduit and the aqueduct constitutes
one of the most vulnerable points, special care shall be exercised to make
it a perfect earthquake-proof structure, or otherwise an efficient expansion
Joint shall be installed at this position. In cases where an intensive ea-
rthquake shock is expected, a further safety shall be guarantteed by insta-
1ling two joints at a relatively close interval.
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C. Installations for purification and distribution

(1) A structure of this category shall not be placed upon a refilled
earth or near a slope toe which is apt to collapse. If otherwise impossible,
it shall rest on a pile foundation or reinforced concrete columns, either
supported on the original ground, and the bearing capacity of the refilled
earth shall be disregarded in the process of compution.

(2) For the sloping walls of a sedimentation basin which are inevitably
built on an artificial fill, the soil shall be adegquately compacted and the
construction shall start only after an adequate amount. of settlement and
hardening of the fill has taken place. In the regions where the value of
geismic coefficient exceeds 0.3, the structure shall on no account be
placed on an artificial fill.

(3) The tops of the foundation piles shall penetrate into the structure
as deeply as possible (30 to 50 cm, if possible).

(4) It is not advisable to construct a unit structure astride 2 compo-
site foundation which consists of layers with different bearing capacities.
If otherwise unavoidable, it shall be divided into separate units in propo-
rtion to the capacities of the supporting layers.

(5) If it is necessary to place a wunit structures astride a composite
foundation, the layer of lower capacity shall be improved by pile driving
or other treatments to equalize the bearing capacities of the entire layers
before erecting the structure, and more-over, expansion joints shall be
installed at the boundaries of the neighboring structures.

(6) Any type of structure having Bimpler appearance both in plan and
profile and devoid of abrupt changes in configuration is advantageous in
resisting earthquake shocks. Accordingly a large haunch shall be placed at
the rigid joints. 7

(7) Particular care shall be exercised in designing the connecting
points of different structures since they are vulnerable to earthquake shocks.

(8) For better resistance against earthquake shocks a circular plan
shape is generally preferable as a basin-well structure to an angular one.

(9) The floor and side wall of the basin-well shall be built of rein-
forced concrete in accordance with the earthquake- proof design and rest on
a s0lid foundation so that their combination may act as monolithic unit.

(10) The side wall and floor of the basin-well shall be made water-
tight by applying high-quality concrete elaborately. In_case a wat?r-proof
motar coating is applied to a purified wate? storage basin or a basin of a
large depth, it shall be reinforced with thin bars arrange@ densely bothbln
longi tudinal and latitudinal directions. The same precauylon will also im-
prove the safety of the protection concrete or moter coating for a water-
proof layer of asphalt or other materigls. ) . 11 b

(11) On the side walls of the basin well the expansion 901nts sha. e
placed near the corneris. At other portions the expansion joints shall be.
inserted at intervals of 6 to 9 m for a thin wall and 15 to 18 m for a t%lck
wall (10 m ordinarily and 15 m in maximum). The gap of the joint shall be
ordinari 1 cle '

?ﬁ;%yA c:;o;ied pasin shall be desinged in such a manner as to allow
safe entrance and exit even at the time of earthguéke, and hence every ar-
rangement shall be provided to satisfy this condition. ble %o 1

(13) Since the doorways and inspection w1pdows are Yulnerab.el o lo-
cal damages due to earthquake they shall be reinforced with special care.
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(14) The fourdation of a water_ tower shall rest on a ground of par-
ticulér reliabiiity. It is desirable even on a favorable ground to Secure
as gresat an embedment as possible.

{15} 4 cylindrical structure of a water tower is advantageous to safe-

ty ageinst eartihquake.

{16} The riser portion of an intake pipe which is housed inside the
wazter tower shall be supported along the wall surface. It shall be borm
if availeble, by the columns in the center which support a canovpy for a
tower., It is advisable to comnect the columns with horizontal diagonals.

{(17) If further the inside face of the water tower wall is made water-
tight by lining with steel plates more than 3 mm thick, a fear of leakage
will be much reduced assuring extreme safety against earthquake shocks,

(18) The materszl for an elevated tank shall be steel in preference
+t0 reinforced concrete in view of safety against earthgquake shocks,

(19) The riser portion of various types of attached pipes to an elev-
ated tank shall be equipped with earthquake-proof joints near the ground
surface,

{20) The elevated tank shall be provided with as many supporting col=-
umng as possible, with horizontal and diagonal members adequately arranged
to prevent buckling.

{(21) The tank shall be tied fast to the supporting frames.

{(22) A4 reclining type is recommendable as safe for & pressure tank.

iarge

D, Pipelire and appurtenances

{1) The most preferable earthquake-proof method is to select a reli-
able ground for the site of a pipeline route.

{2) The route shall avoid an abrupt bend either horizontal or verti-
cal, When an abrupt bend is included due to unavoidable circumstance, it
is necessary for safety to place a supporting pylatform equipped with earth-
guake-proof joints before and behind it.

(3) It shall be avoided to lay a pipeline on refilled earth. If
otherwise unavoidable, the technique specified for purification installations
shall be employed,

(4) The embedment-depth of pipeline shall be arranged in such a manner
as to allow convenient maintenance as well as easy repsair.

(5) A solid uniform ground is desirable along entire route. A soft
ground shall be adequately reinforced by pile driving, ladder struts or
concrete foundation even for a small pipeline,

(6) At such places where soft and firm grounds join, an earthquake-
proof- joint shall be installed near the latter,

(7) At such places along the trunk route where the specified design
coefficient is more than 0.3, it is safe to install expansion joints at the
rate of one for every 3 joints.

(8) It shall be avoided to lay the trunk route of a pipeline on the
reclaimed area, vicinity of ditches, river banks, beaches, cliffs or bulk-
heads., )

(9) At such places where the route crosses over a sewage pipe or other
establishments, a gap shall be maintained between them. '

(10) The distribution pipes shall not have a dead end; the pipe
terminals shall be connected to each other.

(11) The distribution pipelines shall all be equipped with gate valves
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installed in such a manner that in event of damages inflicted on any part
of the system the suspension of water supply operation could be confined
to as small a region as possible.

(12) Bven such types of pipe as a delivery pipe and a trunk distribu-
tion main pipe which do not possess branch pipes shall be equipped with sluice
valves at an interval of approximately 1000m.

(13) It shall be avoided to lay the specials continuously. A cut or
straight pipe shall be inserted between 2 adjoining specials. )

(14) Near the position of a tee or cross pipe along & key route it is
desirable to install earthquake-proof joints at the two pipelines meeting
at right angle.

(15) When inserting along the pipeline such appurtenances as a fire
hydrant or sluice valve, etc., which present different characieristics of
vibration due to earthquake from that of the pipe, it is desirable to in-
stall earthquake-proof joints before and behind it.,

(16) The bends, dead ends or tee pipes shall be protected by placing
a concrete platform in direct contact to the outer surface of them or dri-
ving reinforced concrete piles. It shall be avoided, however, to install the
bends inside a concrete block.

(17) Various types of pipes which penetrate through the surrounding
wall or bottom slab shall not touch the wall body directly. When it is ne-
cessary to install them in direct contact to the wall in order to ensure
water-tightness, an earthquake-proof joint shall be installed apart from
but near the wall. The same procedure is recommendable between a pump and
a suction or pressure-conveying pipes

(18) A suction pipe which is suspended down a pump well shall be
fixed to the wall with strong metal fittings to prevent it from vibration
in a different manner from the wall.

(19) A pipeline running on the ground surface for a great length
shall be eguipped with a fixing platform at an interval of approximately
300 m to fix the pipeline to the subsoil (namely, fixing with iron bars to
& dented platform), together with expansion joints set between them.

(20) In case a high-quality cast-iron pipe is used and unless an
effective earthquake-proof joint is employed a lead socket joint shall be
used as a rule,

(21) Special care shall be exercised in treating the upper and lower
portions of the perimeter of a lead connection. o

(22) When using a steel pipe, a flange or electric-welded joint be-
side a socket lead joint is recoumendable; and the former two type; of
joint shall have an expansion joint inserted at an interval approximately

0 to 60 m,
’ (23) A siphon crossing shall not be puilt on unfavorable ground con-
di tions.

(24) A flexible joint durable to water pressure shall be used for a
siphon crossing. . . .

(25) The approach pipes before and behind a siphon cr0351ng_sha11
have as gentle a curvature as possible, and any curve shall be fixed suf-
ficiently with a concrete platform. i ]

26) Sluice valves shall be palced at both en@s.of a siphon crossing.
§27) A siphon crossing of a large-calibered pipe or of a key trunk
line may be divided into 2 or more branches for safety.
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(28) Unless otherwise unavoidable, a nlpellne shall not be laid on.
e eooden orvdge.

{29) 4 pipe bridge shall be located away from an existing wooden bridge
by a2t least more than 2 m upstreamside.

(30) L pipe bridge shall be built of fire-proof material, and on =z soft
foundation a steel plate-girder or a steel frame girder is recommended for
safety.

(31) It is advantageous against earthquake shocks to build the super-
structure as continuous system on relatively favorable ground.

(32) The superstructure shall be adequately anchored on the substruc-
ture with anchor-bolts in order to prevent it from falling off the position
at the time of earthquake.

(33) It is safe to use a steel pipe for a bend pipe or an S-pipe which
connects to a bridge-born pipe and an underground straight pipe behind the
abutment, It is advisable to treat the joints of the steel pipe by electric
welding.

(%4) A bridge-born pipe shall be fixed to the superstructure at each
span, and also equipped with an expansion joint at each span.

(35) For a bridge-born pipe made of cast-irom a flange joint shall be
avoided.

(36) At the position where connection is made to the bend pipe on
either end of a bridge-born pipe an expansion Jjoint shall be placed without
exception.

(37) A pipe mounting to the abutment shall be sloped by less than
45° and connected tightly to a straight pipe before or behind the bridge.

(38) The both ends of a bridge-born pipe shall not be fixed to the
abutments, but allow for a considerable gap around the pipe.

(39) special care shall be exercised o refilling the banking behind
the abutment, and a foundation supporting a bend pipe shall be particularly
reinforced by pile driving.

(A40) A pipe bridge having the steel pipe itself as the main girder sh-
all be a simple beam structure especially on a soft foundation and equipped
with flexible joints on the abutments and piers.

(41) Gate valves shall be installed at the pipeline before and behind
bridge.

(42) A gate valve shall not be placed close to a building or any
other establishment in order to ensure convenient and rapid replacing and
repairing.

(43) It is desirable to insert an expansion joint before and behind
a gate valve.

(44) Sluice walve chamber or fire hydrant chamber shall be built of
reinforced concrete or, preferably blocks of concrete or brick, so that
damage repair may be convinient.

(45) It shall be avoided to use a gas pipe as a service pipe, since
its screws are vulnerable to an earthgquake shock.

. (46) When a steel or copper pipe is used as a service pipe, a lead
pipe approximately 500 mm long shall be inserted before and behind the con-
nection to a ferrule, stop valve or hydrometer, The connection to a large.
tap post such as an anti~freeze common tap shall also comply with the same
provision.
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E. Power and pump

(1) An extra power unit of, if possible, different type shall be main-
tained for emergency use.

(2) When only the electric power is available, an extra unit with dif-
ferent source and supply route shall be provided for emergency use.

. (3) The delivery end of a pump shall be directed horizontally or down-
ward.

Chapser 4. Dams
§1. Damages to dams in past earthquakes

In Japan, from ancient days agriculture developed primarily with the
cultivation of rice paddy fields. To assure supplies of water for irriga-
tion purpose, many earth dams have been built and azmong the existing dams,
the oldest date back to over 1,000 years. These dams were constructed based
on experiences during those days. Most of the dams, approximately 50 meters
in height, including other purpose dams were constructed in the past thirty
years. Therefore, at the time of'the 1923 Kanto Barthquake the number of
high dams in existence was extremely small. Since then, Japan has been af-
fected by several severe earthquakes. Investigations of damages to dams
caused by these earthquake were important factors in the researches oun
earthquake resistant features in the design of dams. ’

In this investigation the method followed was to circulate question-
naire forms to administrators of dams. However, it was technically d4if-
ficult teo investigate all phases of damages. Therefore, investigations were
made of the 1923 Kanto Earthquake and the 1944 Nankai Earthguake which caused
comparatively heavy damages to dams. In both earthquakes, as a principle,
investigations of damages were made on high dams selected in areas where the
intensity exceeded scale V(80-250 gals) established by the Central Meteorogi-
cal Observatory.

(1) Damages to dams in the Kanto Earthquake

A description of the dams that were damaged by the Kanto Earthquake
are given below:

(o) Ono dam

The Ono Dam is located in Ono, Uenohara Town, Kita-Tsurugun in
Yamanashi Prefecture. The dam constructed on the Yata River, a tributary
of the Katsura River, in the Sagami River System is an earth -dam with a
center impervious core. The height of the dam is 37.3 m above foundatlon
and 49.1 m from the base of the cut-off wall. The center core is concrete
and soil concrete. The dam body is red earth which was placelin 1lifts gnd
compacted. The dam was completed in 1914 and nine years later it was hit
by the Kanto Earthqusake.

The dam axis runs generally in the direction of N 21TE. The lgft ab-
utment curves towards the upstream. The geology gf the right bank is pal-
acozoic strata and left bank is alluvium. The major part of the dam rests

on bedrock.
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From ¢ ﬁservatlon of toppled stone monuments in the locality of the
am, i1 was estimated that the earthquake intensity was about 330 gals or
ntensity Scale J cettl ment of about 3 cm took place in the center of

crest an? aboat 25 cm at the curved section of the left abutment.
imost Z0 cm wide, 6 m deep and 40 m long appeared on the crest
near the left bank. On the upstream slope several cracks appeared running
parallel with the dam axis, but the cracks were in the riprap and did not
ex+end into the dam body. Several cracks appeared also on the down stream
slope within the distance of about 10 m from the crest. The crack nearest
tc the crest was sbout 11 m deep and 30 m long was observed and numerous
small cracks in the vicinity of the drain duct in the berm. Swelling on
the slope about 18 m below the crest was noticed.

{B) Murasyema-kami Dam

Murayama-Kani Dam is located in Imokubo, the Town of Yamato, Kitatama-
gun in Tokyo. This is an earth ng 24 m high with a center core. The
direction of the dam axis is N 10°E. This dam was completed in June 1823,
just immediately before the Kanto Earthquake. The geology of the dam site
is loam formation of the Tertiary Period. The core puddle is a blend of
clay and sand mixed to a ratio of 2:1, The material was placed in layers
of about 9 cm in thickness and compacted with rollers to 6 cm. In the other
sections of the dam, earth was placed in layers of about 15 cm in thickness
and compacted to about 9 cm. In the upstiream slope of the dam, a layer of
gravel 30 cm in thickness was laid on which concrete blocks 30 to 45 cm thick
and 1.8 m sguare were placed. The void between the concrete blocks were
filled with clay.

The earthqueke intensity in this district was estimated to be in the
scale of VI. The reservoir pool was T7.58 m below full water level and the
effective drawdown was 5.94 m, Damages by the earthquake were movement
of the concrete block facing by approximately 6 cm, destruction of a drain
duct end parapet wall erected on the dam crest. Settlement of about 18 em
was observed near the center on the crest. On the downstream slope, sett-
lement of about 1.2 m was observed near the center and a crack about 12 cm
wide and 110 m long eppeared in the downstream slope protection. Settlem-
ent of about 1.2 m was observed around the center of the drain ducts in the
berm and in the downstream foot of the dam. Generally speaking, deflection
was observed on the horizontal plane. However, cracking did not happen in
the slope of the dam body.

(C) Murayama-shimo Dam

Muresyama-shimo Dam is located near Murayama-kami Dam. The construction
method applied to Murayama-kami Dam was followed at this dam. At the time
of the 1923 Kanto Earthquake the dam had reached a height of 16.2 m of 2
total height of 30.3 m. Three cracks running parallel with the dam axis
appeared approximately 25 m upstream of the dam center. One of these cracks
was about 2.4 cm wide, 10 m deep and 68 m long. It was recognized that
the foundation where this crack appeared was the weakest zone.

(2) Damages to dams by the Nankai Earthquake
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There were T instances in which high dams were. damaged in the hankai
sarthquake. . A1l of those dams were for irrigation purpose and aside from
the Honen-ike Dam in Kagawa Prefecture, which is a multiple-arch concrete
dam, the rest are earth dams. Of the dams damaged in that earthquake, de-
scriptions are given of the Otani-ike and Honen-ike Dams.

(4) Otani-ike Dam

Otani-ike Dam located in Otani, Komatsu Town, Ehime Prefecture is an
earth dam with a center impervious core, This dam is 27 m high, 8 m wide
at the crest, 116.4 m wide at the base, the slopes of the upstream 1:4 and
the downstream 1:3, and the total embankment 168,800 m* . This dam was co-
mpleted in 1920 and 26 years had lapsed when it was struck by the earthquake.,
The goundation of the dam is sandstone, the direction of the dam axis is
N 85 E and the depth of the water in the reservoir at the time of the ear-
thquake was 16 m.

The earthquake caused a crack on the crest approximately 84 m long and
running parallel with the dam axis. In addition, cracks running parallel
with the dam axis appeared on the upstream slope at distances of 12 m and
22 m from the upstream end of the crest. These cracks were respectively
about 60 m and 24 m long. The culverts in the base of the dam and in the
left abutment were damaged. In repairing the dam, earth was compacted where
the cracks occured and cement was grouted from the culvert.

(B) Homen-ike Dam

The Hanen-ike Dam is located in the village of Gogo, Mitoya-gun, Ka-
gawa Prefecture. Minor damages were suffered by this dam in the Nankai
Barthquake. The dam is 30 m high and the length at the crest is 144 m of
which the center 87 m is a multiple arch structure adjoined to concrete
gravity structures on both ends. Each arch section with a span of 14.4 m,
is 5.45 m thick at the crest and 8 m thick at the foundation.

The earthquake caused a crack in the center arch section near the joint
at the buttress and leakage of water was observed. Leakage occured alsc
in the left abutment where the foundation rock (Izumi sandstone) is weak.
The damages were repaired by grounting cement.

(3) Damages to dams by earthquakes

From the foregoing discussion, it is possible to draw a general vigw
on earthquake intensi®y which have caused damages to various types of high
dams. Maximum earthquake intensity experienced with concrete gravity_dams
was within the scale of VI (250-400 gals) and no damages have happensd.
However, there have been a few cases in which cracks appeared in the base
of overflow gate piers.

Earth dams were damaged by earthquakes of an intensity scale over Iv
(25-80 gals), and the damages experienced are cracking, sliding of the sl-
opes and collapsing. The degree of damage cannot necessarily be determined
by the seismic intensity. Though the intensity may be the same, phe degree
of damage is dependent on the motion of the earthguake. But, it is recog-
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nized that the seriousness of damages is greater to a dam near the epicenter
than away from it. The degree of damages to an earth dam greatly depends
on the physical properties of embankment materials and the appropriateness
of the construction practice, and that a number of the dams reported in
this investigation were constructed in an era before modern construction
techniques were developed.

Arch. hollow gravity and rock-fill dams are types of structures which
have developed comparatively in recent years and have not experienced ser-
ious earthquakes. Their ability to withstand earthquake shocks remains to
be tested.

82, Barthquake resistant design methods for dams

Barthquake resistant calculation methods generally followed in the de-
sigh of dams is the so-called earthquake intensity method in which the wei-
ghts of the dam and a part of stored water determined by the formula of dy-
namic water pressure, are multiplied by the seismic intensity and these
forces of inertia are applied horizontally on the dam body to calculate st-
ress and stability. This method has been in practice in Japan from the time
high dams began to be construgted. Since then as years have passed improv-
ements to the method have been made in substance, and with developments in
the researches and studies of earthquake phenomenon and earthquake resistant
properties of dams, at present the earthquake intensity taken into account
in the design of dam is determined by various factors such as the type of
dam, foundation rock, occurence of earthquake in the past in the area where
the_dam is to be constructed, and the magnitude of influences on the down-
stream reaches. In the case of an important dam, model tests are made to
study vibration features, equivalent seismic coefficient are considered
dynamically, and measuring of stresses under assuped earthquake conditions
are considered dynamically, and measuring of stresses under assumed earth-
guake conditions are conducted to examine closely the stability of a dam
in an earthquake. )

Table 1 is the design seismic coefficient given in the design criter-
ion for dams established in 1957 by uie Japanese National Committee on
Large Dams and this criterion is commonly followed in Japan today. Half
the values shown in Table 1 may be taken when the reservoir is empty beca-
use in case of an emergency the damages caused thereby not be serious.

Table 1, Design Seismic Coefficient

Type of dam District

Tohoku region(Fukushima, | Hokkaido region;
Akita, Miyagi Pre Hokuriku region; Tohoku
fectures); Kanto region: | region(Iwate, Yamagata,
Chubu region; Kinki Aomori Prefecture);
region; Southern Shikoku Northern Shikoku -
region region; Kyushu region

Concrete dams and

- 0.10 - 0.1
rock-fill dams 0.12 - 0,20 5
Earth dams 0.15 - 0.25 0.12 - 0.20
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In the case of a concrete dam, on the stress obtained from the above.
seismic coefficient, the allowable stress under static load condition only
is increased by 15 to 20 %.

In the following paragraphs are described examples of earthquake re-
sistant designs applied in existing dams.

(1) Ogochi Dam {concrete gravity type)

ThHe Ogochi Dam is a non-overflow concrete straight gravity structure
constructed on the upper reaches of the Tama River in the Kanto region.
The dam is 149 m high, 353 m long at the crest and the volume content of
concrete is 1,675,680 m3, This dam was built by the block system and keys
were provided in both the longitudinal and transverese Jjoints which were
bonded by grouting after cooling of the mass concrete.

Stress calculations made in the design of the dam were both gravity and
trial load twist methods of analyses which were conducted under the following
combinations of loads,
(a) static water pressure at full water level-silt pressure-earthquake
force in the downstream direction-dynamic water pressure-dead load
-up-1lift pressure.

(b) static water pressure at full water level-silt pressure-dead load
-up-1lift pressure.

(¢) dead load-earthquake fo¥ce in the upstream direction.

In the trial load analysis, variation of stress conditions in ungrouted
and grouted transverse joints and other conditions were analysed.

The equivalent horizontal seismic coefficient taken for full reservoir
cordition was 0,12 and that for empty reservoir 0.06. The allowable com-
pressive stress of concrete under earthquake condition was taken at 46 kg/cﬁ
To study the results of the design calculations, model tests were made by
the photoeleastic method. However, in this analysis, the earthquake force
was considered as static external force. Studies are being continued on
the behavior of the dam to vibration caused by natural earthquakes.-

(2) Ikawa Dam (hollow gravity type)

The Tkawa Dam is a hollow gravity type concrete structure, 103.6 m
high and 243 m long at the crest, constructed on the upper reaches of the
0i River in the Chubu region. The upstream and downstream faces are 1:0.55

and the section is I shaped.

Earthquake resistance studies in the design of this dam were for the
following load combinations.
(a) static water pressure at full water level-silt pressure-earthquake
force in the downstream direction-dynamic water pressure-~dead load.
(b) earthquake force in the upstream direction-dead load.
(c) earthquake force in the direction of the dam axis-dead load.

The equivalent horizontal seismic coefficient taken for full water
condition was 0.12 and that for empty reservoir 0.06. For stress calcula~
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tions, in the case of (a) and (b) load conditions, load distribution was

23 sumed to be trapezoidal and in the case of (c), buttress wall was assumed
to be fixed trianglar slab. Stress distribution was studied by three di-
zensional photoelastic experiments to check and correct the computed values.

From the standpoint of earthquake resistance, case (c) was considered
10 be the most important one because of the existence of tensile stress,
though very little, and vibration experiments with rubber models were sup-
plemented to determine the period and mode of natural vibration. The re-
sults of this experiment generally agreed with the calculated values and the
srimary vibration period of the highest section in the actual dam was es-
timated to be in the order of 0.11 to 0.12 seconds.

After the dam was completed, vibration experiments were conducted with
vibrators and records are maintained on the vibration of the dam and founda-
tion caused by natural earthauakes.

The vibration experiments were primarily conducted to study the vibra-
tion characteristics in the direction of the dam axis. The vibration period
is generally close to the value obtained in the model experiments and the
damping constant showed an extremely small value of about 2. In view of
the fact that the fundamental period of the dam is short in comparison with
the predominant period of the earthquake motion and consequently, the dezree
of resonance being rather small, it was concluded that tne dam is stable
against earthguakes, Vibration records of natural earthquakes are general-
ly in agreement with the estimated values.

(3) Kamishiiba Dam (concrete arch dam)

The Kamishiiba Dam constructed on the upper reaches of the kMimi River
in the island of Kyushu is a constant angle arch dam. The standard radius
at the crest is 142 m, the center angle 115 , the crest length 330m, the
height 110m, the maximum width 27.7 m and the minimum width 7 m.

Earthquake resistant features studied in the design of this dam are

stress conditions under the following load combinations.

(a) static water pressure at full reservoir-silt pressure-declineocof
temperature~earthquake force in the downstream direction- dynamic
water pressure-dead load-up-lift pressure

(b) static water pressure at low water level-rise of temperature-
earthquake force in the upstream direction-dead load

(c¢) earthquake force in ‘the tangential direction at arch crown

(d) relative displacement of both banks caused by the phase difference
of seismic waves at either banks

The equivalent horizontal seismic coeffici-nt used in the calculations
were 0.12 a2t full reservoir and 0.06 at low water level conditions.

Stress calculations were checked by the trial load analysis method and
adjustments were made in the radial direction or in the radial direction,
tangential direction and rotation.

The maximum $tress was fcund to be in load condition (a) and in the
oiher cases the stress was of a value much smaller and not comparable with

(2).
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In the case of load condition (a), when the tensile stress exceeded 5 kg/cﬁ
on the cantilever elements, recalculations were made as cracking of concrete
was assumed to have occured. Allowable compressive strength of concrete

was so determined that the safety factor is 5 based on the strength of test
pieces (15 cm diameter, 30 cm long) 91 days and the allowable strength of
concrete was increased by 15% under earthquake conditions.

In addition to the above described earthquake considerations, in the
design of the dam, studies of the vibration features by model tests, obser-
vations of earthquakes at the damsite and detailed investigations of accele=-
ration spectrum due to seismic wave action and seismic activity in the vi~
cinity of the damsite were conducted.

The mode and the natural period of the vibration of the dam at empty
reservoir condition were studied with models made of agar-agar and those
at full and empty reservoir conditions were studied on a rubber model whose
specific density coincided with that of concrete. Through these experiments,
the modes and periods of the vibrations of the first, second and third order
were determined and further the prolongation of the natural period by the
“*oring of water were ascertained.

For the earthquake characteristic in this region, it was found that
the predominant period at the damsite was shorter when the earthqguake ori-
ginated in the inland and the epicenter was close, and in the case of an
earthquake originating in the ocean some distance away, the period was quite
similar to the dam!'s lowest natural period of 0.3 to 0.4 second.
From the acceleration spectrum calculated from earthquake records, it was
found that the equivalent seismic coefficient is 3 to 1.5 times the intensity
at the foundation for a period of 0.1 to 0.4 second taking a damping constant
of O.1.

On the earthquake activities in the region, based on earthguake re-
cords of almost 50 tremors in the Kyushu region, it was estimated that the
maximum intensity was in the scale of III to IV. It was also assumed that
the influence would be extremely little to this damsite by inland earth-
quakes of a volcanic nature.

As a result of these stability calculations and experimental studies,
it is believed that the stability of the Kamishiiba Dam against earthquakes
has been generally satisfied. Since completion of the dam, vibrations
caused by natural earthquakes and with vibrators are being studied.

(4) Mivoro Dam (rock-fill dam)

The Miboro Dam is a rock-fill type of structure with an inclined im-
pervious clay core under construction on the upper reaches of the Sho River
in the Hokuriku region. The dam is 131 m high, 405 m long at the crest
and the total embankment is 7,950,000 i’ . Design calculations were made
for the following load conditions.

Stabiliily calculations against aliding were made of the dam body
(downstream filter zone and rock zone) under full reservoir condition.
Stability against bearing strength under full reservoir condition were ex-
amined at the base vertically below the downstream end of the crest of the
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standard section of the dam. On the stability of the upstream slope, calcu-
lations were made by ihe slip circle method under the following conditionds:
at completion of the dam, full reservoir level and low water reservoir level.
Stability calculations of the downstream slope was also by the slip circle
nethod. For the foundations, the stability against horizontal shearing force
was calculated under empty reservoir and full reservoir conditions. In all
of the stability studies described above, calculations were made taking into
account earthquakeé influences as well as not taking into account such influ-
ences.

0f the load conditions that were taken into account in the desizn cal-
culations, the horizontal seismic coefficient was Ky = 0.12 and in case of
a temporary condition only one half of this value was considered.

As a result of these calculations, the minimum safety factor obtained

for siiding was 1.1 and for stability of the Slopes was 1.2.
(5) Makio Dam (rock-fill dem)

The Kakio Dam under construction on the tributary of the Kiso River
in Nageno Prefecture will store water for the Aichi Irrigation System. This
dam is a rock-fill structure with a center clay core. The dam is 106 m high
from foundation rock, 264 m long at the crest and the total embankment is
2,5C0,000 m*. Aminimum safety factor of 1.37 was obtained as a result of
studies made by the modified Fellenious! method for various load conditions.
A horizontal seismic coefficient of 0.15 was taken in the design calcula-
tions taking into consideration earthquake records taken at the dam site and
the results of vibration experiments on a model. Acceleration meters and
- displacement meters are embedded in the dam and observations of earthquakes
and measurements of the movement of the dam are being taken.

(6) 0jiya Dam (earth dam)

The OJjiya Dam is a center core, rolled-fill earth structure located
at the downstream of the Shinano River in the Hokuriku region. It is. 954 m
long at the crest, 18.8 m in meximum height above ground lével.and 29.3 m
above Tertiary bed rock.

Calculations of the stability of the dam were carried out as follows:
The gtability of the dam to shear force was studied at the base and on the
surface of the Tertiary bed of the highest section under normal and earth-
quske conditions. At the same time the stability of the slopes of the dam
under normal condition was examined by the slip circle method when rapid
draw-dovn takes place on the upstream side and when there is a snow load of
1.75 t/m® working on the dcwnstream slope and its seepage pressure is at
full work.

As a result of the studies, minimum safety factors of 1.18 at the base
of the dam, 1.04 on the surface of the Tertiary bed in time of earthquake
shock and 1.48 on the upstream slope and 1.47 on the downstream slope under
normal condition were obitained. The angles of internal friction of the
soil used in the calculation were determiried by laboratory shear tests.

& seismic coefficient Xy, = 0.1 was used as an earthquake force and the angle
of internal friction was reduced by applying Dr. Sano's method. As the
unit weight of earth below the seepage line, saturated unit weight when it
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acted as external force and bouyed unit weight when it acted as resistance
were adopted. The excessive pore pressure in the clay core taken in the
calculation of the slope stability was 1.25 times the vertical height of
the core from the point under consideratiom.

83. Description on research activities

The history of research activities related to earthquake resistant -
feature of dams can be braodly divided into two periods. The first period
is the years from the Kanto Earthquake to the termination of the Second
World War. Research activities during these years in respect of earth dams
was treated dynamically and of gravity dams the research was mainly directed
to practical calculation methodsby the earthquake intensitiy method. On
arch dams there were no studies worthy of mention. This trend in research
activities is believed to have resulted from the belief that, in view of
actual damages to dams by earthguakes, dynamical clarification of an earth
dem was thought essential but as for gravity dams (the highest in existence
during that time was the Miura Dam which is only 84.1 m) it was recognized
that they were in practicality considered rigid structures.

The second period of research activities is the year from the termi-
nation of the War to date. During this period theori€S of considering earth
guake force as dynamic external force and researches by model experiments
have developed. These activities were stimulated by definitive schedules
of construction of gravity dams, drch dams and hollow gravity dams in the
magnitude of 150 m in height, and dynamical researches advance greatly as
it was realized that statical researches only were inadequate in the studies
of earthguake resistant features of these dams. Whereas researches up to
now, in a way, have dealt with the fundamental problems of vibration, in
recent years the practical application of theories have been pursued. In
order to obtain necessary date for this purpose, measurements of dynamic
characteristics and vibration during earthquakes in existing dams and re-
searches in the dynamic strength of structures and structural materials
(concrete and earth) have been stated.

Generally speaking, the researches on the earthquake resistant fea-~
tures of structures have been made to understand the properties of earth-
quake motion expected in the region where s structure is to be built and
the properties of structures that can resist such forced vibration and to
find an appropriate earthquake resistant design method. I+t will be noted
from the general description of earthquake resistant studies of dams in
Japan given in the foregoing chapter our knowledge with respect to the earth
quake motion at a damsite and the dymamical properties of a dam are by no
means sufficient. The trend of abstractness in many of the studies is be-
lieved to be due to the inadequacy in the accumlation of concrete know-
ledge. Fortunately, seismometers and other measuring instruments have been
installed in 17 important dams recently constructed. There are plans to
maintain records of earthquake motions of the dams and foundations at the
Japanese National Committee on Large Dams.

In the design of important dams dynamic studies by model tests are be~-
ing conducted to estimate their earthquake resistant properties. Exciting
machines and large shaking tables for model experiments essential for the
above studies are installed in the Technical Research Laboratory of the Cen-
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tral Research Institute of Eleciric Power Industry, Institute of Industrial

Science, University of Toxyo and Engineering Research Institute of Kyoto

University. On the dynamic properties of materials used in the construction
£

cf dams, the studies are being per
of the materials gecing a step forwards from their elastic properties.

Chapter 5. Harbor structures
81, Fundamental items in aseismic design of quay walls

1) Design seismic coefficient

Current aseismic design of quay walls are briefly reviewed in this paper
following the newly revised "Japan Harbor Engineers! Manual (1959)". Ais
shown in the manual, in the aseismic design the whole effects of an earth-
quake are substituted by static force obtained by multiplying seismic coef-
ficient to the mess in question. Consequently proper estimation of seismic
coefficient K, which is the ratio of seismic force to gravity, is essential
to an aseismic design. Although many factors should be considered in esti-
mating design K-value, it is done empirically. As to locality of proposed
harbor structure, K-values being different for each region of this country
is given in the manual by refering to a study of Dr. Kawasumi on the re-
gional probability of occurence of destructive earthquakes. It is also to
be noted that in the current design only the horizontal seismic coefficient
is taken into consideration. : .

Seismic coefficient in the air should be increased in the water due to
buoyancy. This increased coefficient is called apparent seismic coefficient
and it is given by, the following egquation.

T
K' = ——— K
r -1
where K' : Apparent seismic coefficient in the water
K : Seismic coefficient in thebair
T : Unit weight of the mass in the air

(for the soil it should include the weight
of water saturating the soil mass)

2) Lateral earthpressure in an earthauake

" Mononobe-Okabe formula is used in the computation of lateral earth-
pressure in an earthquake.
rCOS @ }C

P ={ZM* C5@ -5

Cos’ (PFL -0)

C = n (PO Sx8-0) !
C056C052¢Cos(5+$¢9)Pi/—5—c——(_—"og(g,-,sj i

2

where $: angle of internal friction of backfill,
8: friction angle between wall and soil,
4¢: inclined angle of back surface of wall to the vertical,
83 angle of ground surface of backfill to the horizontal,
h: height of the wall, and & : tan'k .
In this eguation, following values are usially to be used. The unit weight
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of sandy soil is 1.8 t/ﬁsabove the water level in the backfill and 1.0
t/m3 below the water level in the backfill, and angle of intsrnal frictaon
of sand is 30° for general case and 40 for particular good condition, and
friction angle between wall and soil is 15 - 20°,

Correction should be made for the lateral earthpressure below sea water
level as follows. Lateral earthpressure at the water level in the backfill
and that at the bottom of the wall are computed by employing seismic coef-
ficients in the air and that in the water respectively and straight line
connecting these two values of lateral earthpressure gives the lateral earth-
pressure distribution under water.

3) Dynamic pressure of water in an earthquake

The dynamic pressure of water in the backfili is not considered in the
current design procedure, because during an earthquake the water might move
together with soil particles and dynamic water pressure is to be included
in the lateral earthpressure when it is computed by employing apparent seis-
mic coefficient. Also the dynamic pressure of water in front of the wall
is not considered because of the complexity of its characteristics such as
difference of phase from that of wall movement of lateral earthpressure.

4) Bearing capacity in an earthquake

In addition to the value for the static.state, a great increase of
inclination and eccentricity of load should be taken into consideration
during an earthquake. The circular sliding surface method is employed in
the computation of the bearing capacity during an earthqueke.

5) Lateral resistance of piles

For the lateral resistance of a vertical pile the following values are
standard in design
for clayey soil cosse {5¢0n
for clayey soil when replaced the top

2 m layer with dence sandc°<***°* <{ 7ton
for sandy soil eeeee £10ton
The lateral resistance of group of piles is considered to be the total sum
of lateral resistance of single piles.

Lateral resistance of coupled piles is computed from two axial forces
each of which might take the ultimate bearing capacity of pile. The esti-
mation of the bearing cepacity is made by (1) loading test of pile, (2)
statical bearing capacity formula, or 23) pile-driving formula. The safety
factors of 2.5 are used for the cases (1) and (2) and 6-7 for the case (3).

6) Stability of slopes during an earthquake

The stability of slopes in an earthquake is analyzed by the circular
sliding surface method, by taking horizontal seismic force into consideration.
The lower limits of safety factors in the static and seismic conditicns
is to be 1.5 and 1.2 respectively when a permanent structure is proposed.
These values are reduced to 1.2 and 1.0 in the case of a temporary or an
unimportant structure. Usually in sandy soil or gravely soil the base
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