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Chapter | Basic_items

| Basic ideas

1.1.1  Purpose of aseismic design

The purpose of the aseismic design of nuclear power plants is to design the facilities appropriately so that
no excessive oxposure to radiation takes place to the public and employees, in case of a major earthquake at the
nuclear power plant. For this purpose, a more strict aseismic design should be performed for facilities, the damage
of which would cause exposure to radiation, and for facilities which are designed to prevent discharge of the
radiosctive substances, than the other facilities of the power plant.

In addition 1o the sforementioned purpose of preventing radioactive exposure, rest of tie facilities of the
power plant with little relation to radioactive exposure, should also be designed to avoid any danwige caused by
earthquake. In this case, however, a tiade-off may be considered between the interruption cf power generation and
destruction of facilities catsed by damage and the cost increase due to the aseismic desipn.

1.1.2  Aseismic design and safety design

For safety design of a nucleer power plant [1.1.2-1], it is required that the facilities be designed to avoid
excessive radioactive exposure to the public and employees, even in the case when various design conditions,
including natural phenomena, are taken into consideration. One of these natural phenomena is the earthquake. It
is required that the aforementioned safety requirement be satisfied even in the case of a major earthquake at the
power plant. In other words, aseismic design is performed as a link in the whole chain of safety design.

1.2 Summary of aseismic design
1.2.1  Procedure of aseismic desi.

ltems of the aseismic design of the various facilities of a nuclear power plant include determination of the
design seismic motion for the site, confirmation Jf stability and survey of the ground during earthquake, stability
of the support ground for the facilities, aseismic designs of the underground structures, buildings/structures,
equipment, etc. They involve many fields, such as seismology, civil engineering, architecture, mechanical
engineering, etc. As u result, with .se aseismic capability taken into consideration for the overall layout of a plant
and its construction plen, design of each facility is performed in its respective field. We will present detailed
explanation of the various fields in the following chapter. At presen’, we only discuss the overall procedure of
aseismic design.

As pointed out in section 1.1.1 "Purpose of aseismic design,” it is necessary to ensure that the various
facilities of the power plant do not cause a major accident due to faiiure in their safety mechanism during a major
earthquake. For this purpose, design should be performed with the following procedure: (1) determination of the
earthquake which may affect the site and should be taken into consideration in design; {2) determination of the
earthquake ground motion at the site due to the aforementioned earthquake: (3) calcuiation of the ground motion
input to the peripheral ground and the facilities; (4) calculation of the seismic force, stress, strain, deformation, etc.
at the peripheral ground of the various facilitie and at the various facilities caused by the seismic motion; (5) cross-
sectional design for structures, and confirmation of aseismic capability by comparing calculated stresses with
allowable stresses.

Dbl b st i

The earthquake motions assumed for the site of the nuclear power plant include basic earthquake ground
motions S, and S, with different intensities. Basic earthquake ground motioa §, is ascumed at the rock outerop of
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(1) In the case of extreme design earthquake

11} Lows of coolant accident should not be induced.

{27 11 should be possible to shutdown the nuclear reactor and to maintain the safe shutdown.

{7} Even in the unlikely case when loss of coolant acuident takes place and the extreme design earthquake
also tahes place within a rather long period after the accident, the nuclear reactor containment should
be able to maintain its function.

(i) In the case of maximum design earthquake

{1} Items (i)-{1}, {2} in the above should be satisfied.

{2} Even in the unlikely case when the maximum design earthquake takes place right after & loss of coolant
accident, the function for preventing discharge of & large amount of radiosctive substances should stili
be maintained.

{3) Facilities, the damage of which causes discharge of a large amount of radioactive substances, should
be able to maintain their function,

From the aforementioned basic consideration, the aseismic importance is classified and defined. In addition,
classification of equipment is performed as related to the functions indicated in the classification of functions. From
the classification of equipment and classification of functions, the aseismic importance is defined.

The equipment is mainly classified as follows:
{1} Primary equipment; System equipment directly related to function,
{2} Awxiliary equipment:  Equipment indirectly related to function and playing an suxiliary role.

{3) Direct support structures. Support structures which directly support the primary equipment and
auxiliary equipment, and support structures which directly receive the loads of the aforementioned equipment.

{4} Indirect support structures. Reinforced concrete or steel-frame support structures (buildings/structures)
which receive loads transferred from the direct support structures.

{5) Equipment for which inter-equipment influence should be considered: Equipment for which damage
of equipment in the lower category affects equipment in the upper category.

For the primary equipment, auxiliary equipment and direct support structures, the aseismic importance is
defined as required by the safety function of the primary equipment. On the other hand, for the indirect support
structures and equipment for which inter-equipment influence should be considered, since the safety requirements
are determined as related to the other squipment, it is necessary to confirm that there is no probiem under the
standard seismic motion corresponding (o the aseismic importance of the related equipment. This standard seismic
motion is called seismic motiou for evaluation. In addition, for the ground on which said equipment is installed,
it is necessary to handle it in a similar way as the indirect support structures. As far as the peripheral ground, such
as the back slope, is concerned, when its failure would affect squipment which is important for safety, it is
necessary to handle it in a similar way as the equipment for which inter-equipment influence is considered.

For further details of the aseismic importance classification, plsase see "Technical Guidelines for Aseismic
Design of Nuclear Power Plants: Volume for Importance Classification and Allowable Stress, JEAG
4601 -Supplement-1984° [1.1.1-2) (referred to as "JEAG 4601 Supplement-1984" hereinafter).






Table 1.2.3-1.  Correspondence between aseismic importance of faility and basic earthquake ground motion,
slatic seismic coefficient, etc. '3

Basic earthquake ground r stion,
Aseismic story shear coefficient, static

importance seismic coefficient Horizontal* ¢ Vertical® %19
As Basic earthquake ground motion A A Ag
Basic earthquake ground motion Ag, ‘A Ag,
As, A

Story shear coefficient,
Building static seismic coefficient

ilding/
structure'”’ Basic earthquake ground motion , -

Story shear coefficient

Basic sarthquake ground motion

Story shear coefficient C, -~

As Basic earthquake ground motion Ag 4 Ag
X Basic earthquake ground motion Ag A Ag
As,
Bquipment/ Static seismic coefficient 16C, 1.2Cy
piping Basic earthquake ground motion ~
system'" B
Static seismi- coefficient 1.8C, -

Basic earthquake ground motion

Static seismic coefficient

UiFor Class As and Class A facilities, the horizontal seismic force and the vertical seismic force due to the basic
earthquake ground motion are combined both in the unfavorable direction; and the horizontal seismic force and
vertical seis nic force caused by the story shear coefficient or the static seismic coefficient are combined in the
unfavorable direction.

@'The static horizontal seismic force of the underground portion of the building/structure is calculated by the
horizontal seismic coefficient K specified for the underground portion. The static horizontal seismic force of the
underground portion of the equipment/piping system is calculated from the value 20% larger than the horizonal
seismic coefficient of the building/structure at the location where said equipment is set. (For details, please see
Chapters S and 6.)

“For building/structure, the horizontal seismic force is calculated from the story shear coefficient; the vertical
seismic force is calculated from the vertical seismic coefficient.

“'The static horizontal seismic force of the equipment/piping system is calculated by regarding the story shear
coefficient of the strcture at the location of mounting as the seismic coefficient.

®Ag,: Acceleration acting on the facility due to basic earthquake ground motion §,.

®Aq, Acceleratior. acting on the facility due to basic earthquake ground metion §,.

¢y Story shear coefficien. (for details see Chapters § and 6).

®IC: Vertical seismic coefficient for caloulating static seismic force (for details, see Chapters 5 and 6).

172 Agy: 172 the value of the maximum acceleration amplitude of basic earthquake ground motion 5, is taken as
the vertical seizmic coefficient.

09172 Agy 172 the value of the maximum acceleration amplitude of basic earthquake ground motion §, is taken
as the vertical seismic cosfficient.
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(n Nuclear reactor building foundation ground

& Safety evaluation

Depending on necessity, the (ollowing analyses are implemented for the safety evaluation of the foundation
ground

{1} Analysis using sliding-plane method and other conventional methods
{2} Sttic analysis
{3} Dynamic analysis

If the analysis result can satisfy the safoty evaluation standard value, uscaliy further detailed analysis and
examination can be omitied.

b. Design seismic force
() Seismic foree for static evaluation
{1} Ground seismic coefficient

In principle, the desigu horizontal seismic coe ficient (Ky)) of the ground is determined using the following
formula at the giound surface. Or, the equival=nt seismic coefficient may be caleuinied by considering the vibration
charactenistics of the ground for the basic earthquake ground motion.

Ky, =n K

where K;©  standard design ho:izontal seismic coefficient (taken as 0.2)
ng;:  correction coefficient for the site (taken as 1.0)

The design vertical seismic coefficient (Ky) is set as Ky = Ky 2, and is assumed to act together with the
horizontal seismic coefficient in the unfavorable direction at the samw time. Ky = 0.2 can be applied for bedrock
with an S-weve velocity higher than soout 500 m/s and the maximuin acceleration from the basic earthquake ground
motion, §,, lower than 500 Gal. However, sinwce there are varions different types of soils, care should be exercised
when it is applied

{2) Seismic force acting on soil by building

The horizontal seismic force acting on the soil by the building is tal e us the static seismic force basad on
tue Evaluaioo Guideline," or the seismic foroe due to basic earthquake ground motion §;, whichever 1s larger.

The vertical force acting on the so1l by the building is calculaied by assuming & constant seismic coefficient
in we vertical direction (taken as 1/2 the maximum horizontal acceleration amplitude in the case of seiumic force
caused by basic carthquake ground motion S,) in consideration of the vibration charscteristics of building structure
with & vertical seismic coefficient of 0.3, In the case when dyramic analysis is aiso performed, it is possible to omit
the static evaluation using the ssismic force due to basic sarthquake ground moti.n S,

() Seismi> motion used in dynamic ¢ /aluation
The horizontal seismic motion used in dynamic sualysis is set by transforming the basic eartligncke ground
motion 8, Jefinad at the rock outcrop of the site to the lower boundary of the analysis model. It .4 ssumed cha
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b Seismic response analysis

To model the superstructure of the nv.-lear ‘eaction building, a so-called bending/shear-ty pe discrete-mass
system model is used. In this model, the various ). * . are taken as multicantilevers standing on the foundation mat;
or, the various parts are combined as a single caiver, with masses concentrated at the floor position. To
determine the stiffness of the various parts of the building. *~ b nding shear stiffness are evaluated considering the
web/flange offects. In order .. iake into account the effect of wall openings and the 3-D effect of orthogonal walls,
it is also possible 1o use FEM with the foundation mat and various building parts modeled as a continuous body .
In modeling the superstructure, it is also important to evaluate the properties of the building/structure related to
stiffness and damping. For stiffness, the evaluation method using the various elastic constants is # ‘ailable in the
various standards of Architsctural Institute of Japan. For damping, th» conventional damping constants for the
different types of structures n'ated are used, and the damping probl s treated in the vibration PGUALIONS As
internal viscous damping, modal a. mping, strain-energy-pre sorti. nal damping, complex damping, etc. The major
structural elements of the nuclear rea.‘or buildings inch 4e bo-shaped or cylinder-shaped shear walls, for which
the restoring force characteristic curves Yave been determined on the basis of many structural experiments.

In nonlinear seismic response analysis, a model of the shear wall is formed by the aforementioned
bending shear cantilevers, with their skeletcn curves approximated by trilinear lines. The hysteresis curve may be
assumed in the so-called peak-oriented type, origin-oriented type, degrading trilinear type, etc. In the case when
8 large overtuming moment acts on the base portion of the nuclear reactor building, the geometric nonlinearity is
considered using & rocking spring for uplifting of base mat,

The conventional solution methods for the lirear vibration equatons include modal spectral method, time
history modal method, direct method, frequency response analysis nethod, ete. For the frequency response analysis
method, first, the response in the frequency domain is calculated to consider the frequency dependency of stiffness
and damping; then, the results are transformed 1o the time domain. 1o order to ¢ /aluate the building stability, it is
necessary to detormine the contact pressure and contact rate of the foundation mat using the linear/nonlinear
response analysis results. In addition, it is necessary to evaluate slide, etc. In the design of equipment/piping
systems, the time history responses of the floor and other necessary parts on which they are installed are NEcessary.
The floor response spectra are calculated with the damping constants of the equipment/piping systems used as
parameters.

(3) Stress analysis and structural design
'S Stress analysis

In order to select the stress anulysis method and modelii 2 method, much attention should be pud to the
configuration and load conditions of the structure. For the buildings in a nuclear power plant, since the structural
forms are complicated, and the thicknesses of walls and plates of the structural components are much larger than
those of the conventiona! buildings, the stress analysis is mainly performed with the aid of FEM analysis.

Important items for the stress analysis are as foliows:

{1} Input method and model of composite structure

{2} Formation of analytical model for the thick concrete structures, such as the foundation mat of a
containing facility, etc.

{3} Evaluation of spring in stress analysis of foundation mat

{4) Treatment of soil pressure in stress analysis

{5} Handling of thermal stress in combination with S, seismic stress.
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Chapter 2 Earthquake and basic earthquake ground motioo
2.1 Sutamary of earthquake and basic earthquake ground motion

Evaluation of \he seismic motion used for seismic design of nuclear reactor facilities (known as basic
earthquake ground motion) is performed to satisfy "Regulatory guide for Aseismic Design of Nuclear Reactor
Facilities in Power Plants” (referred to as *Evaluation Guidelines” hereinafter) drafted in September, 1978 by the
Atomic Energy Commission (partially amended in July, 1981 by the Nuclear Safe'y Commission).

According to the “Evaluation Guidelines,* seismological and geological knowledge are judged from the
engineering point of view on the basis of past experiences of safety evaluation; the basic earthquake ground motion
is determined on the basia of the updated knowledge in the seismology and seismic engineering fields from the
viewpoint of ensuring the seismic safety of the facilities used in the nuclear reactor AgAinst any possible earthquakes

The basic earthquake ground motions can be divided into two types: S, and 5, according to their
intensities.  They are defined at the rock outcrop of the sites.

The earthquakes that cause basic earthquake ground motions S, and 8, are called the maximum design
earthquake and the extreme design earthquake, respectively.

In addition, in the explanation of the *Evaluation Guidelines. " definition of terminology, points for attention
in evaluation of standard earthquake and evaluation standards of active faults, etc.. are presented and are used as
the standards for making judgment for the basic earthquake ground motion.

Figure 2.1-1 shows the items for investigation and the points for attention needed for evaluation of
earthquakes.  Figure 2.1-2 shows the items for investigation and the points for attention needed for determination
of the basic earthquake ground motion. Figure 2.1-3 shows the flow for determining the specific basic earthquake
ground motion,

2.2 Earthquakes

As pointed out above, when the basic earthquake ground motions S, and S, are to be determined, it is
necessary (o select the maximum design earthquake and the extreme design earthquake.

The maximum design earthquake ic assumed to be the earthquake with the largest influence among the
following earthquakes: earthquakes which once had an influencs of Scale V or higher intensity, on the earthquake
intensity scale of the Meteorological Agency, on the site or in its vicinity according to the historical data and are
expected to take place again with the same influence on the site and its vicinity, and earthquakes due to active faults
with a high activity which may have influence on the site in the near future.

The extreme design earthquake is supposed to be the earthquake with the largest influence among the
eartiquaxes greater than the maximum design earthquake from the seismological point of view, with investigation
made from the engineering point of view on the bazis of the past earthquake state, properties of active faults in the
vicinity of the site, anc seismic gsostructure.

In this section, we will discuss past earthquakes that should be taken into considerstion, earthquakes due
to active faults, and earthquakes caused by seismic geostructures.

221  Past earthquakes

First, in order to select the earthquakes which had an influence of Scale V or higher intensity on the site
of its vicinity, a survey is made of the various earthquake catalogs which list the historical earthquakes. The

21
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Figure 2.2.1-4. Diagram of relationship among carthquak= catalogs
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In addition, new survey results are summarized in "Active Structural Map (1/500,000)" [2.2 2-4)
{Geological Survey Institute), "Seabed Geological Structural Map (1/50,000)" (Maritime Safety Agency) and other
maps. These mps and references which make detailed description of cach active fault can be used effectively for
surveying the specific regio..

‘The active fault dis*ribuiion maps cited here are ali maps which summarize the active faults as well as
structures that might be considered as active faults in Japan.  Also, more detailed survey/investigation has been
perforniat for each active \ault, and the results have been published as reierences.

As can be seen from Figure 2.7 2.2 [2.2.2-3], tor the active faults in Japan, the distribution density,
distribution pattern, strike, length, feult type, etc., are different in different regions, The degree of activity also
depends significantly on the region.

Due to the difference of active faults in uifferent regions, Japan can be divided into several regions of active
faults for research purposes. Figures 2 2.2-3 [2.2.2-5) and 2.2.2-4 [2 2.2-3) are examples of this classification.

The classification of active fault regions is closely related 10 the rock that forms the earth's crust, the stress
state in the earth's crust and the seismic mechanism of the 2arthquake.

The activity of the active faults can be classified according to the velue of the average dislocation speed
as shown in Table 2.2.2-1. In this case, the average dislocation speed is derived b dividing the dislocation of an
active fault by the years since formation of the dislocation.

2) Active faults and past earthquakes

The relation between active faults and past earthquakes is most clearly displayed by the fault appearied on
the ground surface during the earthquake. This fauit is calied a seismic fault. Even when no apparent faults are
found on the ground surface, ¢ fault which caused the earthquake can be identified under the ground. These faults,
together with the above seismic faults, are sometimes called as source faults [2.2.2-T1.

Table 2.2.2-2 [2.2.2-8] lists examples of earthquakes that took place in Japan accompanied with seismic
faults,

The seismic faults are usually appear along the existing active faults, with their disivcation directions in
agreement with those of the active faults as indicated by the topography.

However, in many cases, the relation between the historical earthquakes and the active faults is not clear.
Hence, in order to relate the past earthquakes to the peripheral active faults, it is necessary to perform a detailed
survey of the epicenter locations of past earthquakes, time of occurrence, scales and properties, as well as sizes and
activities of the active faults, and to make a detaiied evaluation of the relationship between them.

3) Active fauits and microtremors

Among the active faults, those for which the present activity is found significant by observation on
microtremors are evaluated as active faults with high activity degrees in some cases. However, it is believed that
direct correlation between occurrence of microtremors and the present activity of the active faults as a whole exists
only in limited cases. Hence, when evaluation is to be made of the activity, it is necessary to perform a detailed
survey/study in time and space of the geological data, such as occurrence status of micro-earthquakes, properties
of active faults, etc.
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43



—————————————————————————" . —————

-

v earthquakes accompanied with seismic Tauits

Earthquakze 3 M Seismic fault or location

NSNS SN — - - ————————————————————————— ———

Zenkoii earthquake 7.4 Zenkoyi fauit, etc
|
Nobi earthquake 0 |  Neodani fault, et I
| I

e ——————————————————————— —

e —————— ———————————————

Shonai earth{quake { Yada ezawa Tault, etc ‘

—— —

Rikuu earthqu p Senya fault, et

b —————— A ———————— ————————— —_— !

Omachi earthquake 6.1 | Terakaito fault

e ————————— . - - g e e

Great Kanto earthquake ‘ 7.9 |  Shimoura fauit

b

Tajima earthquake 8 Tai fault

Kitatango earthquake

Kitaizu earthquake

Kussharo earthquake 1 Kussharo fault

. e ——— ——— ——

Tottori earthquake [ | Sikano fault, etc

Mikawa earthquake | 6 Fukouzu fault, ete

———————————————————— . A—— -

Fukui earthquake 7.1 |  Fukui seismic fauit

Niigata earthquake | Murakamioki seabed

e — ————— —————————————— B St —

Matsusiro earthquake swarm ~5.4 | Matsushiro seismic fault

e e—————— - ——————————————

[zu Peninsula offing e¢ 6.9 | Irousaki fault, et
quake

e ————————————————————

Earthquake in sea near 17u 7 natori Omaezaki fault, et

)shima isiand




4 Earthquakes caused by active faults tha! should be tuken into considera.ion

The chaiac rerisucs of active faults (e.g. the magnitade and frequency ot earthquakes) differ corsiderably
from fault to fault, and it is not practical to take all the active faults into considesation on an equal basis. For
example . it is not necessarily proper from an engineering viewpoint to expect that the active fault with a very small
probability of generating a strong earthquake, would generate ancther earthquale

Therefore, when the active faults are consid-red, their activities shall be evaluated first and they will be
taken into account according to the degiee of their activities.

e rthquakes which could be generated at active faults shall be classified as earthquakes producing the basic
earthquake ground motions S1 or 82 depending on the activities of the faults. The following guidelines will be the
bases for the evaluation of active faults.

a.  The following shall be considered in the evaluation of sources generating the basic earthquake ground
motion S1:

{1} Faults with a historical record of earthquakes.

{2} Class A faults having clear evidence of movement within the past 10,000 years, or whose return
period is less than 10,000 years.

{3} Faults whose activity is considered significant based on the observation of microtremors.

b. The following items shall be considered in the evaluation of sources generating the basic earthquuke
ground motion §2

{1} Faults belonging to Class A except those in above a. {2}
12} Class B and C faults having clear evidence of movement within the past 50,000 years, or whose
return period is less than 50,000 years.
For the active faults on the iand of Japan, it is believed that the creep dislocation is small, Hence, the

following relationship exists between the recurrence period R (years) of earthquake and the average dislocation speed
of the fault § (mm/year) [2.2.2-6):

R = DI(SXIO 3) (2.2.2-1)

where IX(m) represents the fault displacement amount in an earthquake; it is related to the earthquake magnitude
by the following equation:

logD = 0.6M-4.0 (2.2.2-2)

From Equations (2.2.2-1) and (2.2.2-2), the following relationship is derived which can be used to calculate
the earthquake recurrence period R (years):

R =~ lo{Qﬂ l)ls (222'3)

In addition, the following relationship [2.2.2-6] exists bstween length L (km) of seismic fault on the land
of Japan and magnitude M of the earthquake:
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related to earthquake activity was made by Imamura

The fi-,. effort to divide Japan Into several zones t
vho discovered the earthquake belts from the earthquake O urrence maps. [he concept s 1O make &
{ the dependence yf earthguake activity or the m fron the ometrical distnbution of the
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first made & formal 1nve

Mivamura formed & 3-D earthquake distribution map 1ot the whole antry of Japan and studied the zoning
fea f the focal densit Based on anaivtical results and their reiation 1o (e history of development of the
Japan islands and their vicinity, he progx sed that Japan be divided into O types ¢ f earthquake
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{¢) When damping is other than S%, the response spectral value should be amended by the following

formulas
n oo WISTHR-0085exp(-257T,)  when 72T, (2.3.110)
n - 10 when T+7, (231411

b damping coefficient

T TA' T'. T(. TD‘ Ts in Table 2.3.1-1

T, effective duration of seismic motion (s) = 100 3M~13

(d) When magnitude M und epicentral distance & are different from the values listed in Table 2.3.1-1,
first, linear interpolution is performed for M, then, for A, interpolation is made with the logarithm of
A

b Kobayashi ‘s method (2.3.1-7)

Hased on the idea that if the spectrum of seismic motion is averaged for a number of earthquakes, a
spectrum similar o the ground amplification characteristics can be obtained, Kobayashi et al. derived the velocity
response spectrum at the seismic bedrock (corresponding to an S-wave velocity of around 3.0 km/s) using magnitude
M and focal distance X as follows:

() The velocity response spectrum of the seismic motion recorded at each observation point on the ground
surface is divided by the amplification function of the soil, and the result is considered as the velocity
response spectrum (damping: 5% ) for the bedrock.

The follewing empirical formula is derived for the spectrum.

log§,(T) = a(T) M- KT Jog X - (T (2.3.1-12)

Sv,(Th: velocity response spectrum (damping factor 5%) (kine)

M: magnitude

X: focal distance (km)

ATy, B(T). ofT): coefficients derived for each bedrock using the least squares method; they are
functions of period T(s).

() For this empirical formula, coefficients a(T), b(T), and o(T) were later amended by Midorikawa and
Kobayashi (1978) [2.3.1-8).

(¢) In addition, Kobayashi and Midorikewa have (1981) [2.3.1-9) proposed the following empirical
formula with seismic moment (M) instead of magnitude (M) used as the parameter:

log,,(T) = a(T) (logM, - 26.6) - B(T) log X +2.36 (23.1:13)

3 Estimation of seismic motion with the aid of fault model

The area of the seismic fault plane increases as the soale of the earthquake increases. At magnitude 8, the
area reaches & size similar to that of & prefecture (Translator's Note: size of a typical county in the U.S.). Asa
result, it is difficult to take the focus as a point.
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Figure 2.3.1-2.  Functions for defining the seismic waveform [2.3.1-13].
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Figure 2.3.1-3. Duration and time variation of amplitude envelope [2.3.1-5).
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o For the maximum amplitude of seismic motion, Kanai's empirical formula is usually used as ‘he
formula 1o evaluate the strength of the seismic motion at the bediock, since it has relatively small
difference between the calculated values and the observed values.

b The frequency characteristics of seismic motion are determined on the basis of the design response
spectrum (referred 10 as “standurd response spectrum” hereinafter) which was proposed for nuclear
reactor buildings or other rigid structures built on the bedrock according to aforementioned *2. 3 1(2m.
Osaki's method” (see Table 2.3.1-1).

The maximum amplitude and frequency characteristios of the seismic motion are evalusted as a
function of the magnitude of earthquake and the distance between the site and the focus where the
energy is released.

¢ The duration of seismic motion and the tume vaniation of the amplitude envelope are shown in
Figure 2.3.1-3,

Also, in order to determine the location of rock outerop and the frequency characteristic of the seismic
motion, results of the following survey items are also taken into consideration

{1} Survey of elastic wave velocity. Survey of elastic wave velocity at the site  |f needed, survey to a
portion with a significant depth

{2} Measurement of microtremor: Measurement of ambient micromotion at the site

{3) Earthquake observation: Barthquake observation at the site.

{4) Existing data for similar grounds

In the case when the epicentral distance is small compared (o the size of the site, it is also possible to
evaluate the seismic motion on the basis of the fuult model, which takes the geomotric dimensions of the fault and

the rupture process into consideration. A tvpical method is shown in the above section "2.3.1(3)d. Engineering
model "

Based on the results of recent resesrch work [H-K-1], from the statistical analysis results of the earthquake
observation duta obtained for hard bedrock, it is found that for earthquakes with the same magnitude and focal
distance, & clear difference in the response spectrum is developed due to difference in the shear wave velocity of
the bedrock.  As a result, when the frequency characteristics of the swndard seismic motion are to be evaluated,
on the basis of Figure 2.3.2-1, the standard response spectrum should be mu'tiplied by a correcting coefficient
corresponding to the shear wave velocity at the rock outerop.

Correction coefficient R and shear wave velocity Vg of the ground are defined as follows.

{1} Correction coefficient R

R = 10 when Vg = 0.7 ks, R = 0.8 when Vg = 1.5 kin/s,

When 0.7 km/s < Vg < 1.5 kmvs, linear interpolation is performed on the two log-scale axes. That is,
the correcting coefficient is defined as follows with its shape shown in Figure 2.3 2-1.

R =10 L Vg = 07 days
R =08 LV r 1S kays (2.3.2-1)

R = (V07 %% {07 lays < ¥y < LS ks



i Shear wave velocity & groun
The shear wave velooit N he rock rof " { rey ST \ For per T '
special consideration is needed when the aforementions rrect wificiet
1.1.3 Generation of simulated seismic wave
For basic earthquake ground motions 5, and 3 } simulate seisn Wi s generate
orresponding response spectrum on (he Dase f the duration and the time variation Of the amj

explained in the above section on seismic MOLION ChAracienstics

1) Although there are many methods for generaling the simulated seismic waves, the
used at prosent I8 by superposing sinusoidal waves rve-fit the desired resp ¢ spectrun
2) The time history f acceleration wave X(l) ms & Tw " f ime 18 representes
formuia
N
|
X(t E(r) LA, 'sit I+ ¢
where X(1t time histo:y of acceleration wWave
E(t amplitude envelope
N: number of superposaed A
w,. Aangular frequency
A amplitude of each frequency mponen
¢ phase angis
The aforementioned methods can be divided a g he phase chara ]
urves
1!‘\ Method 1in which the simuia e seisn ARV § formu sing rhase Nara
sarthquake
‘ ’\1?”\"(‘ L:N(v\“ the ;"‘HN' angle determine } a niform rand n number and thi

urve as shown in Figure




{3} Method using the phase of a uniform random number and different amplitude envelopes for different
period ranges

{4] Method in which the phase characteristics are prepared as & mixture of pulse phase, exponential
functional phase n.y random-number phase

(3) The fitness 1o the target response spectrum can be evaluated as follows. Damping of the response
spectrum is supposed 10 be 5%

5,
RT) « . 2085 (00 <Ts20 (23.3:2)
5,

where, T: period (s)
S¢i(T) Response spectral value of simulated seismic wave
Sy2(T): Target response spectral value

If the above condition is not met, appropriate correction can be performed repeatedly until the conditio
i met

Figure 2.3.3-1 shows the flow sheet of the above method (2)-{2). Figure 2.3.3-2 shows an example of
the generation of a simulated seismic wave.

24 Others
241 Earthquake prediction
(1) Earthquake prediction

Earthquake prediction refers to the prediction of the fol! ving parameters of the earthquake to take place:
location, scale, and time, on the basis of crustal movement, seismicity, geomagnetism, underground water, otc.

For the major earthquakes which take place at the interplate with a repetition interval ranging from several
tens of years to about 200 years, there exists a rather high possibility for prediction. On the other hand, for the
earthquakes taking place in the intra-plate of Japan, since the recurrence period is estimated as about 1000 years,
prediction is rather difficult

la 1965 the Earthquake Prediction Research Project (2.1.1-1] was started under the suggestion of the
Geodesy Council, the Ministry of Education. This was the first time that the prediction of earthqual . was taken
#s & national project in Japan. Later, in 1968, a system for promoting the project was set up with The Coordinating
Committee for Earthquake Prediction as the mainstay. using the Tokachioki earthouake as the tuming point. In
1970, eight areas of specified and intensified observation were assigned. Amendment was made in 1978 as shown
in Figure 2.4.1-1.

When a nuclear power plant is to be planned in one of these regions, sufficient survey should be carried
out with respect 1o the reasoning for selecting the specific area.

2) Large Scale Earthquake Countermeasures Act
As & background for drafting a law regarding speciel measures against large-scale sarthquakes (2.1.1-2],
efforts were made to provide prediction information on large-scale earthquakes in the Tokam region (Tokai
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Figure 2.3.3-2.  Example of formation of simulated seismic wave,
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earthquake) For this purpose, measures for preventing damage have been proposed, and it became necessary to
support these measures by logal means.

Based on the following facts with respect to the Tokai region, the Earthquake Prediction Lisison Council
(2.1.1-3] believed it necessary to further strengthen the observation. Hence, in April 1977, Prediction Council for
the Toka Area was set up.

The facts include:

{1} About 120 years have passed since the Ansei Tokai earthquake in 1854, 1t is clear that there exists
an seismic gap where no large-scale earthquake took place during this period.

{2) Significant subsidence has been found since the Meiji era in the area from Onaezaki to Suruga.

{3} Horizontal compression in the northwest-southeast direction with Suruga at its center is observed.

In addition, public opinion 1s strong on the counter measures against earthquake disaster with a demand
for drafting a law regarding measures against earthquakes. As a result, Large Scale Earthquake Countermeasures
Act was drafted und went into effect in December 1978

This law is mainly characterized by the feature that it is a law of special measures against earthquakes
before the damage takes place. The earthquake taken as the object is the earthquake with magnitude of about 8 for
which the precursory phenomenon before the earthquake can be observed in relatively wide range.

At present, only the Tokai region is assigned as Area under Intensified Measures against Earthquake
Disaster. 1. is believed, however, that in the future, with the development of earthquake prediction, other regions
may also be assigned. When a nuclear power plant is to be planned in any region assigned, it is necessary to make
a sufficient survey on the reasons for the siting and to take necessary measures.

2.4.2 Tsunami

Many nuclear power plants in Japan are located in coastal regions. Hence, when the site is selected and
designed, the influence of « tsunami must be f-ily taken into consideration. Teunami is mainly caused by the uplift
and depression of ocean bottom in a wide range accompanying an earthquake.

In the ocean, the transier velocity ¥ of a tsunami is represented by V = (gh'? (g: gravitational
acceleration. h: depth of the sea). 1t is about 200 m/s at a water depth of § km. Hence, it takes about 8 min for
a tsunami genevated in the coean 100 km away from the coast to reach the coast. As it approaches the coast, the
watsr becomes shallower, the transfer velocity becomes slower, and the wave becomes more concentrated When
a tsunaimi hits 8 V- or U-shaped bay, the wave may have a very large height in some cases.

In order to predict the height of a tsunami, the following measures are taken:
{1} Survey of past tsunami records

{2} Investigation using simplified formulas

{3} Numerical simulation

etc.

In the survey of past tsunami records, evaluation is performed by extracting the references which record
the earthquakes that caused damage on the site and vicinity [2.1.2-1).
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Chapter 3 Geological and ground survey
il Sunumary of geological and ground survey

o order to ensure the safety of the nuclear power plant, it is necessary to perform a careful survey and
test of the geological conditions and ground, so that highly reliable construction works can be performed on the basis
of relinble analysis and design. Since the actual geological conditions and grounds have various different types, for
each type of geological condition and ground, appropriate survey, testing, analysis, evalestion, design, etc., should
be performed with a good understanding of them

This chapter refers to the report of “Survey/test methods of geologioal conditions and grounds of nuclear
power plants and evaluation methods of aseismic stability of grounds” compiled by the Japan Society of Civil
Engineers [3.1-1].

311 Summary of geological survey

The purpose of the peological survey in planning/construction of a nuclear power plant is to understand
the sctivity of the faults which should be taken into consideration in the aseismic design and to clarify the detailed
geology and geological structure in the periphery of the foundation of the structuie.

For this purpose, geological survey is performed for the wide region in the poriphery of the site (land and
sea) and for the region within the site.

For the wide-range geological survey, appropriate reference survey and topographic survey are performed.
On the base of the survey results, surface geological survey is performed along the faults and lineaments described
in the references. In particular, in the region near the site, surface geological survey is implemented mainly by
performing detailed survey on the outcrop of the fault.

For the geological survey within the site, on the basis of the reference survey. topographic survey, surface
geological survey, etc., bonag survey and pit survey are performed to obtain knowled te of the detailed geological
structure, as well as rock distribution and rock type. If needed, geophysical prospecting, trench survey, etc., are
also performed.

In these surveys, the activities of the faults to be considered are clarified, and the detailed geological
conditions of the bedrock around the foundation of the nuclear reactor building are dstermined. On this basis, soil

clagsification and formation of soil model are performed, with results used as the data for satety evaluation of the
ground.

3.1.2  Summary of ground survey/test

On the basis of the results of the geological survey and the soil model, appropriate survey and testing of
the soil are implemented The soil as the survey items include ground of the foundation of the nuclear reactor
building, peripheral slope of the nuclear reactor building, grounds of important outdoor underground structures, etc.
The survey /test are performed correspondingly in the various design stages: basic planning stage, design stage, and
detailed design stage

In the basic planning stage, on the basis of the jlans for arrangement of the nuclsar reactor building and
other structures, necessary surveys and tests are implemented to find the general propertie: of the geology and soil.
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Classification
of lineament

Table 3.2.2.-1.

Examples of standards for judging *he lineament [3.1-1].

Elements for juding

Terrace surface

Within mountain and hil

Lineaments continuation direction.
continuation, altitude continuation, et

Lineaments
with high
possibility of
ﬂ disleoation

- Those for which on a

clearly continuous ter-
race surface there are
clear scarp, steep
slope, and other linear
continua which are
free of breakuge.

< Those for which on &

number of different
terrace surfaces and
other terrain surfaces,
there exists a straight
continuation of scarp

and steep slope.

- Those for which on &

clearly continuous
terrace surface, there
are clear scarp, saddle
portion, and other
linerar continua which
form a uniform height
discontinuity .

- Those for which the

river valleys and
ridges are systemati-
cally bent in the same
direction, with the
bending amount being
accumulative.,

+ The continuous direction is oblique

or perpendicular to the directions of
river-eroded scarps of sea-eroded

scarps

- The direction of inclination is oppo-

site to the general inclined direction
of the topographical surface

- The continuous direction is identical

to the direction of river-eroded scarp
or sea-eroded scarp; the inclined
direction is wentical to the general
inclined direction of the topographi-
cal surface. However, there exists a
clear height discontinuity, and the
difference in elevation is generally
uniform with good continuity .

Lineaments
witi. possibility
of dislocation

« Those for which on a

clearly continuous ter-
race surface, there are
clear scarp, steep
slope, and other linear
continua which are
almost free of break-

age.

~ Those for which or an

estimated continuous
terrace surface, there
are scarp, saddle por-
tions, and other linear
continua which form &
uniform height discon-
tinuity.

- Those for which al-

though the river val-
leys and ridges are not
clear, they are bent
systematically in the
same direction,

- The continuous direction is obligue

or perpendicular to the directions of
river-eroded scarps or sea-eroded

SCArps.

= The direction of inclination is oppo-

site to the general inclined direction
of the topographical surface.

- The continuous direction is identical

to the direction of river-eroded scarp
or sea-eroded scarp; the inclined
direction is identical to the general
inclined direction of the topographi-
cal surface. However, ther exists a
clear height discontinuity, and the
difference in elevation is generally
uniform with good continuity .







Table 3.2.2-2.  Examples of the content of judging of lineaments related 1o

Items for judgment

identification of dislocation (3.1-1)

Content of judgment

Presence/ubsence of &
sense with & certain ten-

dency

Whether there is a cumulative tendency of dislocation with the lineament &t the

boundary. In particular, for terrace surface with different heights, if the ‘
lineament has an accumulated difference in elevation, there is & high possibility |
of dislocation. ‘

| Degree of preservation of
topography form

Is the 1opographical configuration that forms the lineament clear or not?

Continuity of lineament

Is the lineament continuous of not on the standard topography? Does it have a
certain iength? ‘

Standard topography

Does the standard topography lineament include terrace, volcano foot, fan-
shaped terrain or foothill mild slope? These terrains are believed to be formed |
in the late Quaternary period.

Topographical configura-
| tion

Does he lineament topé.n.phic-ul configuration contain reverse scarp, reverse |
low scarp, wind gap, or bend? These terrain configurations are belie ed to be j
closely related to the dislocstion

Lineament direction

Is the lineament direction perpendicular or oblique to the direction of the | |
cenventional scarp? In the case of parallel direction, there is a high possibility | |
of forming scarp by srosion.

Linearity of lineament

Is the lineament linear or not” If it is not linear, there is & high possibility of |
formation due to erosion and land slide,

Gray crushed clay Deit rottaining lens
shaped sandstones Y*r lowe! hed itk

‘ with Il amount of
Sof clay bet it oo COMAINS black clay (54 stnpsi For the

carbon laver LOMaIngd in the tissue

The upper iayst bo ; has Dlack Jeer layor boundgary (N3S .’GSWr the
mvlt‘ m’ 0 ) — . shoken side tirecting 18 unclesr
Hver bed deposit i : |
semisoligitied ’
continuous state {3
/ Shightly ruplured beit of

Stipped pattern with 3
beits of gray Clay and
black clgy with & wilth

of Y0um (NOETIW)

sangsione and shale
v . 1 0

-

O
N
ngrudomﬂ .

2~

i
-

Slightly ruptisred sandrock

-

Ruptuted witth 3 m

Figure 3.2 2-1.  Example of sketch of fault outerop
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Type of sonic prospecting @wsimteon of continuity of layer pattern

(selecting accorting to ) -
necessity) i 3 l. 1
L [Smoo n:] Discontinuous Unclear layer
Conventional analog- 4 —
e B ity
| b ~ elc -
: " ~ o o,
i o TTTTTTTA geological structure and ult in
High-power sonic !
g:"m e T T ——" NS G Not & fault
; 5070 \ ‘ Mismatct. toid
prosopecting ! [Presense — structure. seabed
N o eroston, litho-
: :‘a facies change
i [Study of Study of actvity s
| {continuity 9 '
H €0 outcrop of bedrack,
: + . . .2 :
i {Determination | | Studv of upper layer Determinatic n of age of layers '
| [of fautt size Droperties and seabed dis- — Investigation using rc* !
Figh-resolution sonic | ~= === === Mo ~ Comparison with land reg

prospecting, uniboom, ~ Age measurement using I
sonoprobe single digital Study on fault motion properties ang seabed boring and dredge
method and other | mmig:m SRS ATl T
methods for seabed Study of features of peripheral
o l region structural motion, study
Not consbierca Fault corres~ Fault corres- alselsmicactvties.elc )

for a seismic

ponding to §, ponding to 8,
- vad

e e m—

Figure 3.2.2:2. Example of flow chart of investigation of activity of seabed fault by sonic prospecting and related
items of investigation [3.1-1).
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Table 3.2 3-1.  Application of bedrock classification method and engineering classification.

Geological classification of bedrock Engineering Engineering
{see 3.3.4(3)) classification of | classification for
ground constitu- property
Hardness of Bedrock classifica- ent material representation
Type of structural rock rock block tion method (see 3.3.4(4)) (see 3.3.5)
lgneous rock
Paleozoic stratum - Hard rock: Rather fresh rock
: - Weathered rock, deteriorated rock:
Mesozoic stratum DENKEN-ty Rocks degraded due to weathering
pe : . Hard Rocks clmma“ont);ec and deterioration. Depending on
Id tertiary period , ete. the degree, the property may be
represented as soft rock B or soft
rock A (weathered soft rock).
-
§ Mio-
L Classified into 2-3
‘E _ | Class-I soft classes of rock Soft rock B
S' 2|5 2 | rock'" quality according to (Same as left)
§ 3 E hard bedrock®’
E . “a‘ Soft rock: Rocks
3 E‘ with uniaxial
§ Pio- § Class-Il soft | In principle, only | SOmPressive Soft rock B
2 i rock rock type streagth (q,) 1e8s | wich relatively
2 stratum | ; than 100-200 large consolida-
LS ' kgf/em® are tion degree, or in |
-g Class-1Ii soft | handled a8 SR unsaturated state |
' : roc
rock (Those o -
Pyroclastic § with hard Gm‘:f; o dwuied Soft rock A™
rock substraie are according to roo Soft and in satu-
tusiad a8 type and rock phase rated state
hard bedrock)

Mn some cases, depending on the consolidation degree of the forming rock, it may contain a portion of Old
Tertiary period or Pliocene layer.

@'When the rock test result is applied. rocks that correspond to the effective stress method are considered as A,
those that correspond to the gross stress method are considered as B (see Table 3.3.5-1).

$Depending on the geological state at the spot. an appropriate classification system is seq up.
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Table 3.2.3-3.

Examples of ranges of
physical properties of rock
blocks corresponding to

Basic scheme of classification of soft bedrock [3.1-1).

features of rock hlocks" Engineening
\ properties
. Possibility of 9 Ve Vs requinng
Class Features of rock blocks classification kghem” | km/s | kvs attention
Seedrock, shale, homogeneous tuff | It 1s possible 0 classi- Strength/deform
and their laminates, mainly of the fy the rocks into 2-3 ation charscter-
New Tertiary Miocene epoch, with | grades according (o the 1stics ;
f some of the Pliocene epoch and Old | degree of weathening anisotropieity i |
| Gormi-hard | TEPUary period. For the portion with | and degree of develop- | 400 3.5 1.9 | some cases. '
| soh rock | * high consolidation degree and ment of joints. These
' freshness, the rock tissue 1s fine, grades correspond to i 1 1
i (Class |
| soft:sock) However, when hit by & hammer, & | the engineening prop-
‘ muffled sound can be heard. Also, | erties 50 2.0 09
! the structural grains on the surface
? may be deformed or separaied casi-
! ly These are features different from
l hard rock. ‘
! f
; Mainly Plocene-epoch mudstone, It is usually difficuit or Strength/deform
| New- shale, sandstone and their Inrunates. | not needed. In some 100 2.3 1.0 | ation character- |
| period The consolidation degree 15 small, cases, however, clas- istics, oreep |
| soft rock | and it mey collapse casil; when hit | sification may be per- 1 i 1 | characteristics, |
i (Class 11 | by a hammer The rock bssue 1s formed corresponding slaking charac- |
| soft rock) | homogeneous with a rather simple | to the level of develop- 10 1.6 0.5 | teristics, etc, :
} geologcal structure and few joints. | ment of joints.
i Miocene or Phocene-epoch volcano- | Appropriate grouping Depending on
; ruptured rock, with a soft substrate | can be made according the properties of |
| 50 that the classification standard of | to the hithofacies the substrate, 1
\ hard rock cannot be applied. There | Classification within standards of
| Heteroge- | 18 a significant portion with hetero- | the same lithofacies 100 33 1.7 | Class | or Class |
| neous soft | geneous rock tissue which can be according to geological Il are applied.  §
| rock seen by the naked eve. The con- factors 15 difficult. 1 1 1| rarticular, |
} (Class 111 | glomerates are mainly made of cmphasis is set |
| soft rock) | volcamie rocks, or the same soft 10 20 0.8 |on heteroge- i
' conglomeraie as the substrate. It neous and dis- |
i often forms a lamunate with hard persion. .

volcame rocks, or 18 penetrated with
the hard voleamie rocks.

These are only rule-of-thumb values, not vaiges for classification.
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Ground surface geological survey
Boring/pit survey

Physical survey

Rock test

Bedrock test

Trench survey, if needed

etc

structure
Rock distribufjon
rock quality

Sotropic

Anisotropic groald,

heterogeneous
groun

Is it possible to take
as isotropic according
10 the detailed survey
esults?

P i .......
f i
|

Stability evaluation |

, for isotropic ground |
i e e iy -l

NO

[ et b ol b b Lt

]
|
!
|
i
i
|

Figure 3.2.3-6. Classification of grounds.
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Stability evaluation for |
anisotropic ground or |
heterogeneous ground |



Ground

Ta

___Isotropic

__Anisotropic__|

ble 3.2.34,

/Homoqeneous
ground

-

- Joint ground

-

Heteogeneos

L Layered
ground

Hetero-
homogeneous

. ground

Weathered/

" deteriorated

ground

L Ground

containing
fault rupture
belt

Ground models and their features [3.1-1].

Ground features

Symbols

Generally speaking, homogeneous isotropic
ground. For layers containing gravei, when the
size of the gravel is much smalier than the
width of the foundation of the structure. it is
included in the famity of homogeneous
ground

Ground with significant joints. When the
directions of the joints seem concentrated, it
i$ taken as anisotropic ground, when the
directions of the joints do not seem

concentrated. it is taken as isotropic ground

Ground which is made of laminates of layers
having different properties and displays
anitropicity, of ground which displays
anisolropicity as significant layering and
schistosity exist in an otherwise homoge-
neous ground

Ground which has a multilayer structure or
an irregular structure made of two or more

types of layers having ditferent properties

Ground wi*h localized detenoration caused by
weathering. Since the properties usually
change in a gradual transition, it Is necessary

1o arrange an apppropriate zoning scheme for | o=y .'1‘.‘."-'

the rock grade By
-

Ground for which the existence of fault v

rupture belt or other weak layer 1s an v

important factor for evaluating the

properties v v
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<" T» Note: Items to be described in Chapter 4

s -
N

(S )
|

Basic planning stage

Survey/test

l

Basic layout plan L

Design stage

Survey/test

L
-
-

Does t exceed the standard o Detailed design
.. value of safety evaluation slage |
€ CCOTdINg 10 CONVENMIONa! et ~—18
method (sfip-surface method [ aurvey/test
A ol
Sy L
YES S
Dot it exceed M No |Detailed design stage !
& stencard value of sality
>« gvaluation according to
it Enmgz,ﬂ" Survey/test
[ ]
+‘ ‘Docs’rt exceed the*~,  NO
& Standard value of SHENY s
~gvaluation according to
o-mamic anaty’sgﬁ
YES
e
( End )
Figure 3.3.1-1. Survey stages and flow shest of survey [3.1-1].
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Table 3.3.2-1(a) {Cont’'d).

Example (1) of suivey/test of foundation ground of nuclear reactor buiiding [3.1-1].

PR Te—

Pomnt F
Point E (sandstone,
p Point A Point B Point C Point D {<andstone. mudstone layered
I Item {mudstone) (mudstone) (ryholite) (granite) g - vel) together) Results
| T-axial com- 135 groups — 23 groups 100 preces About 120 pieces | In pit: mudstone | vg(c), ¢
pression test e=1,3,6,10 o=20-~200 ¢=50 mm, $=35 mm, 157 pieces, sand-
kgflem?, kgf/em® h= 100 mm n=70 mm stone 113 pieces;
- ¢=35~50 mm, (5 stages) In hole: mudstone
s h=70- 100 mm ¢=30 mm, 223 pieces, sand-
g h=60 mm stone 116 pieces
g =50 mm,
S h= {00 mm,
E 0=1,3.58,13,20
2 kgf/om?
S
2 Tensile test - - 45 pieces 60 pieces Press 1o crack, In pit: mudstone | Tensile (com-
1-_9_- ¢=50 mm, @ =50 mm, 190 pieces 40 pieces, sand- | pressive)
%" h=50 mm h=100 mm @=50 mm, stone 40 pieces, | strength
2 h=50 mm In hole: mudstone
: 90 pieces, sand-
3 stone 80 pieces
% %=50 mm,
3 h=40 ~ 50 mm
3| Schmidt rock | Measurement Measurement Measurement of | Measurement Measurement Distribution of
F | hammer test  |interval: 0.5 m; |interval 0.5 m; pit wall with interval: 2.5 m; | interval: 5 m; scatter in resis-
= measurement measurement interval of ! m | measurement measurement point | tance
range: 48 m; range: 40 m; range: 110 m; number: 9 (evaluation of
measurement measurement measurement ponts/location nonuniformty
peint number: 5 | point number: 9 porit number: 46 of ground)
-Lﬂmg_a‘ -l — -
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Table 3.3 2-i{b) (Com 'd).

Example (2) of survey/test of foundation ground of suclear reactor building

l Powt F
(sandstone
Fomt E mudstons
Point A Point B Pomt D sandstone lamnated = th
frem (msdsto.e) (mudstone) | Pomnt C {rybolite)}  (gramite) gravel) cach other) Feits
Bedrock defor | 10 Spots 4 Spets 7 Spots 15 Spots 12 Spots Vertical. @ %0 | Secant elastic
_ | mation test Load plate & 60. | Load plate 4 60 |6 30 cm, Load plate 3 30, | Load plste 6 30 |om. 4 pieces. | muduius. 1an-
g 100 cm em, Ao, = oy = 100 kgficm® | 60 cxs om horizontal. & 30 | geats? 2lastic
s Ao, =2 kglem® W;HS-'-) 50 cm. o, =50 cm, 4 preces. modsiue defor
] (15 min) kefion’ 100 com. vertical # 30 | matson coeffi
po oy =0 kgflcm’ cm. 2 pieces cremt
5 | Bedrock creep | 2 Spots 1 Spot - - pr 2 Spots S
= | est Load plate ¢ 30 | Load plate ¢ 60 Lead pliate & 80
s m, 0,=6, 12, 6,jcm, 6,=6 om, Ag, =%
™ 0 kgfien’ last- | kgflom®, 412 kgfiome . 150
ing for sbout 7 | months dmvs
davs 1
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Table 3.3.3-].

S g S S—

Example of stability « valuation methods. properties needed for evaluation methods, and combinations of tescs for determiming the
properties (foundation ground and slope (rock bed) ) [3.1-1]

118!

Properties
Static elasuc Seatic Poisson | Ultimate beaning
é. 0 E
{degree) {tf'm") ¥
Same s left
[ Same as left Plate ‘oad test Umsamiai compres-
{secam stuffness), L-nu.)—ﬁ
3-axal compres  |compression test
| S20m test
&, Ew)
 Same as above Same s above Same as 2o
Same as above
2s above Beanng capacity
==
Plate joad test Umansal compres |
isecany uffness)  [mon et J-aual
compression test
_P‘A




nra

P
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Table 3333 Exampic of stabrlity evaluation methods. properties needed for the vanous evaluation methods. and cominnations of tests for determmeng the various
propertes (ground of importart outdoor underground structure) {311}

L

Static strength constast Dynarmuc strength constant
o @, & Co G LY
of'm’) (degree) e’y (degree) Nowe
3-axs sl compression Same as jeft
Same as shbove Same as above Stanc stremgth 15 used | Same as left
N mary cases
‘} — EErre— tf







In the case of elastic analysis for fault rupture bolt or soil material, E, or Ey is used obtained from the 3-
axial compression test. In the case hen analysis is (o be performed in consideration of the nonlinearity of the
ground, the deformation coefficient for nonlinear representation as a function of the stress or strain based on the
stressstrain curve in the 3-axial compression test may be used

In the case when the earthquake stability evaluation is performed by static analysis, either static deformation
coeffi ient or dynamic deformation coefficient may be used. However, when the former is used, the deformation
cannoi be directly evaluated. Hence, appropriate judgment should be made in this case.

3 Dynamic strength characteristics

In the case of stability evaluation by dynamic unalysis, for the weak layers or weak ground with & low
streng ‘i, the dynamic streagth should be applied in principle.  However, since many factors influence the dynamic
strengh. it is difficult to make a general definition of the dynamic strength. Consequently, in dynamic analysis, the
static strengtn .. “<ed in many cases as the bedrock strength, so long as it is confirmed that *the dynamic strength
I$ not less than the static strength "

4) Dynamic deforvation characteristics

In the dynamic a alysis with bedrock as the object, usually it is possible to ignore the nonlinearity of the
bedrock.  Hence, with th aid of elastic velocity test or Iaboratory ultrasonic wave velocity test, the dynamic
deformation characteristic, are determined from the elastic wave velocity (Vp. Vo). These values can also be
determined by vibration test or dynamic load test

For soft rock ground, when a large strain due to seismic motion is estimated, analyses may be performed
u g nonlinear properties of the ground.

For the fault rupture zone and soil material, when they are analyzed as elastic bodies, the dynamic
deformation chasucteristics determined by elastic wave velocity test or laboratory ultrasonic wave velocity test can
be used. However, since the fault rupture zone and soil w.erial display nonlinear deformation characteristics,
analy s is performed with the nonlinear characteristics taken into consideration in many cases. In these cases, the
strain-dependent deformation characteristics (G relation) derived by dynamic 3-axial compression test, dynamic
shear test, elc., are applied.

(&) Dumping characteristics

In the case when bedrock is analyzed and in the case when fauit rupture belt and soil material are analyzed
a8 clastic bodies, the values conventionally used for these materials are often used. However, in the case when
nonlinear analyses are needed. just as in the above G-y relationship, the strain-dependent h-y relationship derived
by dynamic 3-axial compression test and dynamic shear test is applied.

134 Classification of soil and engineering characteristics and evaluation

(1) Soil classification

When the modeling for studying the stability of ground is the primary purpose, grounds can be classified
from the engineering point of view into the following types: {1) isotropic ground, {2} anisotropic ground, and {3}
heterogeneous ground. For details of the geological classification of ground, please see "Section 3.2.3(3) Bedrock
¢lassification.
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¢ Heterogeneous foundation rocks

The helerogeneous foundation rocks are characterized as the foundation rocks consisting of different type
and class of rocks and/or that consisting of rocks showing locally different exteuts of weathering and alteration.
Consequently. in the case when evaluation is to be made of the engineering characteristics, the ground is zoned
according to the geological structure.  For each zone, the test methods used 1o evaluate isotropic ground are
adopted, respectively . The heterogeneity can be accounted for by using different properties for each zone in
analysis

] Classification of ground constituent materials
[ Classification
The constituent materials of the ground can be classified as follows from the engineering point of view.

{1} Hard rock

{2) Weathered rock, deteriorated rock
{3) Soft rock

{4} Soil

'S] Weak strata (fault rupture zone, etc.)

In some cases, weathered and deteriorated rock are included in the class of soft rocks. However, it may
be more convenient to categorize them in separate classes for engineering evaluation. Hence, the above five classes
are used.

b Definitions of various ground constituent materials
{1} Hard rock

Hard rock refers to rock with uniaxial compression strength usually higher than about 500 kgf/cm?. Also,
rock with uniaxial compression strength of about 200-500 kgf/cm® which is sometimes referred to as intermediate
hard rock is also taken as hard rock in this guideline.

{2} Weathered rock, deteriorated rock

Rock which has been made fragile due to weathering effects is called weathered rock. Rock which has
deteriorated due to actions of heat and hot water is called deteriorated rock. Progress in the weathering process
depends on the type of rock. For new-period rocks, since there exist few joints, fault rupture zones and other
geological separation surface, weathering makes progress from the surface layer. Consequently, the interior portion
remains fresh. On the other hand, for old-period rocks, since there are many geological separation surfuces,
weathering takes place not only from the surface layer, but also along the geological separation surfaces to the deep
interior portion.  As a result, the interior may not be as fresh as in the aforementioned case. Chloritized rock,
carbonated rock, zeolitized rock, hot-water clay, and other rocks deteriorated by heat or hot water are all weaker
than the original rock. On the other hand, hornfels, silicated rock, propylite, etc., are harder and finer than the
original rock. They can be treated as hard rocks.
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Table 33,42 Types of tests of undisturbed samples and in situ tests of fault ruptire zone and other weak
stratum material for evaluation of the bedrock stability [3 1-1])

Eveluation purpose / Test type

Long-term
stability eval
stability eval
in earthquake

Longterm stability
evaluation

Safety evaluation
in earthquake

Physical
test

Strength
tost

Deformation
test

Strength
tost

Deformation’
darmping test

Note

Physical tests
(natural water
content, satu-
ration degree,
plasticity
index, density,
grain size,

Single-plane
shear, simple
shoar, 3-axinl

Simple shear,
Joaxial com-
pression.
standard con-
solidation. K,

hole, and other
in situ tests

Dynami¢
simple shear,
dynamic 3-
axial compres-
sion,® or
static | -plane
shear, simple
shear, 3-axial
compression”’

Dyynamic

simple sheai
dynamic 3-
axial compres-

olastic wave
velocity lest

Depending on
the results of
consolidation
test, etc., the
appropriate
test pressure
range iy detor-
mined.

NiConsolidation/ drainage test (CD test) is performed; it is also possible to perform consolidation/undrainage test

(CU test) with measurement made for the gap hydraulic pressure.

@Consolidation/undrainage test (CU test) is performed.
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The commonly used failure criteria are as follows: r

{1} Mohr-Coulomb failure criteria

{2} Gnffith's failure criteria

{3} Modified Griffith's failure criteria

{4} Failure criteris using parabolic representation

{8} Failure criterin using power function representation

Among the above failure criterin, the Mohr-Coulomb criteria is often used in practical applications, since
it can be handled in & simple way to evaluate the stability of the ground. In this case, the strength characteristics
of the ground can be represented by two strength constants (C, @). In addition, for representation, the range of the
stress 1o be considered should be clarified. Figure 3.3 5-1 illustrates failure criteria {1)-{4).

b Total stress representation and effective stress representation
(a) Soil and other ground materials

For a ground material with relatively large porosity, the properties of the material depend on the pressure
of water filling the pores.  This is particularly important for soil  Thai is, assuming the total stress applied to
saturated soil element 18 0, and the porewster pressure is u, then the effective stress o' can be represented as ¢' =
0 - u. The effective stress can be used (o represent the soil strength in a single defined way independent of the
drainage condition and the magnitude of the porewater pressurc. However, in the case when the porewaler pressure
15 not clear, representution may be performed using the total stress instead of the effective stress for design and

practical application.

As generation and dissipation of the porewater pressure causes variation in the safety factor of the structure
or foradation made of the soil, the application ranges are different between the case with total-stress presentation
and the effective-stress presentation.  Attention should be paid to this feature,

The total stress analysis method based on the undrained shear strength can be used for safety evaluation
during the period when the drainage condition of the porewater can be considered as undrained. For example, it

{ @ (Whena=1)
i /ra
i - @ (Wheng=2)
g & Symbols
e @ e MON-Coulomd failure criteria
»® f=crolan ¢
@ | o Griffith t,um oriteria
l"“‘ LU “"”‘0)
@ == Motiiited Grittith failure criteria
r= Q8% oy
& == Failure criteria with parabolic representation
(tagl=1 400 (18081
(Whena=1) r=rasiy
¢ Normal stress Whena=2) d=d+ 'é"

Figure 3.3.5-1  Types and profiles of failure criteria.
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can be applied 10 stabi 'ty analysis and earthquake analysis for an aguiciude ground under the so called construction
condition in & very short period just after variation in the load conditions (see Tables 3 3 5.1.2)

(b) Hard rock and other ground materials

For the bedrock made of hard rock with fewer pores, the effect of the pore water pressure may be
neglocted as compared 1o the level and variation range of the stress under considerntion. Io this case, the total stress
may be used to represent the strength characteristics.

(c) Soft rock

In recent years, it has been found that since soft rock has a relatively high porosity, the concept of effective
stress may be applied in some cases.

The behavior of the porewater pressure of soft rock is similar to that of sedimentary clay  Hence, it is
necessary to study the long-term stability problem of the slope of saturated soft rock on the basis of the et ective
stress. However, for soft rock, measurement of the porewater pressure is usually difficult, and the influence of the
porewater pressure on the strength deformation characteristios is not as significant as soil when the strength reaches
 certain level  As & result, it is necessary to use the concept of total stress and the concept of effective stress
respectively in different cases depending on the magnitude of the strength of the soft rock

Tubles 3.3.5-1 and 1.3.5:2 summarize the relations between the type of structure and type of ground as
the obyect of safety evaluation and the test conditions.

¢, Shor ¢ term strength and long-term strength

In the case when the pore water pressure has a large influence on the strength, as pointed out in section
b sbove, depending on the drainage condition, either the total-stress representation or the effective-stress
representation is used for different ranges of spplication. In this case, variation in the strength caused by generation
and dissipation of the pore water pressure is taken into consideration. Mowever, for both the v drainage strength
and drainage strength, long-term decrease takes place depending on the stress condit i, elc. The decrease pattern
can be evriuated by studying the strain ratio effect and the creep strength. For the loug-term stability of the slope,
Skempton investigated [3.3.5-1) and pointed out the importance of deriving the residual strength. For the short-term
strength, please see Section *3.3.5(3) Representation of dynamic strength characteristics

d. Type of ground and method of deriving local safety factor

The local safety factor is used as an index tor determinin g the potential slide surface from the elements with
a small local safety factor, when the safety of the ground is ev-iuated along the slide surface using the finite element
method.  For safety evaluation, the safety factor of the ¢ itire slide surface can be derived irom the safety factors
of the elements along the potential slide surface

As & result, even in the case when the local safety factor is somewhat lower than 1.0, successive calculation
can be performed to confirm that no progressive damage takes place. In this way . if it is found that the overall slide
safety factor is higher than the prescribed evaluation standard value. the safety of the ground is confirmed.

Stability of the ground should be evaluated for different phases: just after completion [of the structure ],
long-term, and during earthquake. In this case, as the state of generation of pore waler pressure depends on the
hardness of the ground as pointed out above, it is necessary to determine the strength of the ground to derive the
local safety factor
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For grounds made of saturated soil material, faull rupture zone or other weak stratum material. and
relatively soft rocks (with g, < 20 kgficm?), since the pore water pressure may rise easily, this feature must be
taken into consideration when the local safety factor is (o be determined. In this case, in principle, (ong-term safety
evaluation is performed using the strength, deformation coefficients under the consolidation drainage cordition. In
the onal 3-axial compression test, the strength in the case of consolidated drainage is higher than the CU
strefiga the case whien it is difficult to perform the CD test and CU tests for the ground, if there exists a safety
margin, the CLU strength is (o be used to study the sliding safety of the structure foundation ground. However, for
u swelling ground, the sverage principal stress decicases due to outting and digging, and the strength decreases due
to water absorption and swelling. Hence, for a certain stress range, it becomes CD strength < CU strength. For
such ground, it is necessary to determine the local safety factor by the swrength determined under the CD condition.
Sufety evaluation during earthquake is usually performed by determining the local safety factor from the strength
determined under the CU condition. In this case, the shear strength corresponding to the long-term stress (such as
the average principal stress) is believed 1o be applicable to seismic condition; hence, it is appropriate to determine
the local safety factor from the ratio of the above strength to the shear stress during carthquake.

On the other hand, for hard rock and relatively hard soft rock, the generation rate of porewater pressure
18 low; and there exists a sufficient margin of streugth. Consequently, the local safety factor can be determined
from the total-stress strength from the in-situ bedrock shear test and uniaxial/3-axial comaression test for both long-
term and seismic conditions. The same applies to the case of unsaturated ground. For soft ground, however, when
the sample 1s collected, as the stress is released, the state is disturbed manually. In addition, the status of generation
of the porewater pressure depends on the saturation degree and confinement pressure in a couplicated pattern,
Hence, it is desired that the strength under the CU condition similar to the actual ground condition be used.

e Factors that affect the st ngth

Usually, the static strength can be represeated as « function of normal stress or average principal stress,
In some cases, however, representation is made considering strain 1. te and anisotropicity. Hence, in the case when
there are factors that affect the strength in the ground, it is necessary ‘o represent the strength with these factors.

(2) Representation of static deformation characteristics

The static deformation characteristics of the grou:it is usually represented by the stress-strain relation by
regarding the deformation behavior of the ground as a continuous body. Depending on the mechanical model of
the confinuous body adopted, the stress-strain relation can be represented in various forms (Table 3.3.5-3).

For the nonlinear characteristics of the ground, usually based on the stress-strain relation from the 3-axial
compression test, the deformation coefficients and Poisson's ratio are represented as functions of stresses [3.3.5-23).
In addition, for soft rock, fault rupture zone, and other weak strata, it is necessary to consider the dependence of the
deformation characteristics on the confinement pressure. The dependence of the deformation characteristics on the
confinement pressure is usually determined from the stress/strain vs. confinement pressure (overburden load in the
case of simple shear test). In the case of soft rock, the long-term deformation may become problematic in some cases.
In these cases, it is necessary to evaluate the creep characteristics. The creep characteristics are usually represented
using the Voigt-Spring model.

(3) Representation of dynamic strength charac.sristics
A Strength
Dynamic strength is defined as the strength under a single impact load or under a repeated load of a certain

amplitude at & certain ropetition frequency. Its value depends significantly on the magnitude of the confinement
pressure and the presence of porewater. Hence, it is necessary 1o study the dynamic strength of ground and its
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() Cyclic loading effect

According to the results of researches on the effect of the magnitude of the dynamic stress on the strength
of the dry sand [3.3.5-5], we have

.’ v .. < .‘ (3.3.5'”

where, ¢y @ in static test
@gy @ in the case when an initial shear stress is applind as a repeated load
@y ¢ under repeated load after isotopic consolidation.

It can be seen that ¢ of dry sand in repeated load state is larger than 4 for static load. In addition, when
the repetitive load test is performed for clay, after an initial shear stress with one of various magnitudes is applied
to the sample, then the vibration load is applied. This is because the dynamic strength depends on the magnitude
of the initial shear stress, For rocks, the strength shows almost no decrease at all for the number of cycles typical
of an actusl sarthquake [3.3.5:6].

(d) Effect of irregular load

Usually, the dynamic strengii under & regular load decreases as the number of cycles increases. For the
purpose of studying the difference between the dynamic strength characteristics under a constant stress amplitude
and the strength characteristics under *n irregular load, the strength-deformation characteristios were studied using
4 loading time history determined from the actual seismic acceleration waveform of TAFT earthquake (NS
component) [3.3.5-6]. As u result, it was found that when an irregular load is applied, the dynumic stemngth of the
soil depends not only on the magnitude of the maximum load, but also significantly on the duration and waveform.
On the other hand, according to the test results for rocks, the dynamic strength is not less than the static st ength
determined by the conventional test.

(e) Liguefaction
(i) Loose sand

For saturated sandy ground v ith & low density, when a repested shear stress s applied 5 nearly an
undrainage state within a short duration such as an earthquake, as sand particles change relative position to fit each
other, the volume tends to decrease and the porewater pressure rises. When the effective stress becomes 0, the
shear resistance of the ground is almost totally lost, and a very large strain develops just as in a liquid. This
phenomenon is called liquefaction In addition, due to the upward flow of the underground water caused by the
liquefaction of the lower layer, liquefaction is also induced in the upper layer. This is calle< secondary hquefuction.
Figure 3.3.5-2 (1) shows the effective stress path and the stress-strain relationship in the case when a certain st/ess
is applied repestedly to the loose saturated sand sample [3.3.5-7). It can be seen that after the otress states passes
a certain line (line of tiansform), the effective stress becomes nearly null as the load is removed. ‘The shear strength
is lost and the shear strain increases drastially.
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Table 3,44 (Con 1)

“Tnample of foundation ground sur ey test of nuclesr reactor building (3.1 1]

163

(for layered ground)
Survey ‘test Relation to 7
Survey test Survey/test | Properties to be|  1ange and design analyss
Py, pose iems conditions determined atnount medhion Note
7. Estumation Amsct ity
of bedrook of strengl’ and
properues defe mation
(1) Bedrock Flow meehy, C, ¢ For each rock | Evaluation of | are investigat-
shear test insertion mesh, type/rock grade | seismic stabilic {ed. In tus
(2) Bedrock vertical, hor- | E, Beanng ty using con- | stage, for the
deformation wontal, ete,, 3 | strength ventional meth- | anisotropioty,
test direct..ns ode (shding the properties
faulure, beanag |on the safe
strength, settle: | mde are used
ment) 1o evali ate
(1) Borehole sliding fw'lure,
londing test bearing
(¢) Elastic Pit mide wall, |V, Vg Determination | strength,

* wuve speed tost [ pit bottom, By v of ground setetent, !
vegion between constants for  [#c., so that
pits dynamic seis- |t margin of

mic design safety can be
evaluated.
B - - - -
3. Evalustion (2) In the case
of rock proper- of saturated
ties soft rook with
(1) Physical Boring core or |y, , &, W q, <1020
teste block sample kgf/em®, CU
(2) Mechumical &« B, v, €, |For each rock test may be
ests ¢, o, type/rock grade performed. In
Uimxinl of layered the vase of
compression, ground saft rock,
Jaxial com- creep test and,
pression, ten- if needed,
sile (orushing) initial stress
test measurement
are performed
Depending on | 1. Evaluation
the require- of dynanuc
ment, aniso- | charactenstics
tropieity s of foundation
' considered in | bedrook
evaluation of | (1) Dynanuc G, h~y Amsotropic For amsotropic
l ground safety | deformation three-directions | nonlinear
and the data  |test ground model,
are used to (2) Dynamuc 3- | UU (CL) G, h=y oundary seismic coeffi-
determine the | sxial compres- between differ- | cient method is
ground pro- sion test (w'm- ont layers used for static
vessing needed |ple shear test, FEM i alysis
for measures 1o |tornonal shear ar dynamic
test, etc.)



i
|
I
#

thet

)
»
U Larmpie ! W a0m ground survey sl of nudcloar resdct b bng
5 " Mairung Ul rupture O wher woalk s .
§ wreap R el e = X PSS PN AU NSRSt §
Survey ‘tes Relstgon with
ey len Progserties hee f £ an ORIZ ANALY S
: ity Ong beder v e AITw net)
» . * + -+ -
RiLint ‘1'”"”'. !
penera Mite
b mtributecst
’ ™ 1
n
Metleren e
n
Nurta ’ )
" Ve
Mo K
. + 4 + 4 +
I uslion "M}' neodo, Formabion !
f Oedlaiieg fOr salety Sround mode
nstribution an invest gatbor f ] Tor demign of
properties of A or Teult ground Main
B e g fault rug
e fure 1one and
roun wher woeal
SUriace geolog avers
" sur .
Pit s ¥
Shah
4) Bonng
» . - . + -+
Riust Cvaluabon o1
WOnertie stabilst '
Mhysioa e, W ground 1
oals Slalionary state
AXIA g, I ! and i cartt
Prossiorn Juake uNing
test, sngie nvenbiona
e shear Le ¢ ethod | MY
Heoddr g on Of shide
shoar os
i * farce
settiement, et
4= x® po-temy —=~
tHa

| Depending or

RS S R

mng fr

distributior

and sprea !
ult, rumture
ne. o
4
$) For exan
e surve [

performed i
& TRnge| twice
the foundatyor
width with »
depth about
1

the Toundatior

wadth

the thuckness
and properties
I the rupture
0one, apyr
)“:llt st 1
performed
evaluate he
propertes
+) The max
MUm gravae
SiZe 16 &hOout
6 the size of

the sampie. As

the test nd




Table | &8 (Cont'd).

(for ground comaining fsull rupture zone and other weak layers).

Example of foundation ground survey /test of nuclear reactor bullding [3.1-1)
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Chapter 4

41 Basic g adelines of aseismic design

4.1.1  Evalustion of sseismic importance of ground and civil structures

According 10 "Technical Gu'delines of Aseismic Design of Nuclear Power Plants. Volume of Importance
Classification/ Allowable Stress, JEAG 4601 Supplement-1954" by the Electrical Society of Japan, for the evaluation
of the support function of indirect support structures and influence between equipment, it is necessary (o confirm
that there exists no safety problem against the ground motions used for the aseismic design of the related equipment.

Table 4 1 1-1 shows examples of the ground and underground structures of nuclear power plants. Among
the underground structures, for example, the support structures (such as seawater pump foundation, seawater pipe
duct, etc ) which support the emergency water intake equipment (nuclear reactor auniliary cooling seawater
equipment, etc ) are classified as indirect support structures.  When subjected to the ground motions appropriate
for the aseismic design of the equipment supported by them, it is necessary to confirm that the “unction for
supporting the aforementioned equipment is not degraded.

On the other hand, the structures related to the emergency water intake equipment in the range from the
sea 10 the pump chamber, such as intake inlet, water channel, etc , are classified as Class As  Since they have
various different structural forms, it is necessary to determine the design guideline for each specific structural form
in the aseismic design. Usually, they are handled as indirect support structures for the safest judgment.

The foundation bedrock of the nuclear 1 cactor building supports the buildings and structures containing
Class As structures. Hence, when evaluation of the seismic stability of the ground is to be performed, it is
appropriate to handle it as indirect support structure.

As far as the peripheral slope of the nuclear reactor building is concerned, as the peripheral slope itself
does not contain radioactive substances, nor does it directly support facilities containing radioactive substances, it
is not & structure with possible problem of influence on the environment by radioactive substances. Also, even if
a slope failure is assumed to occur during an earthquake, so long as it does not directly affect the nuclear reactor
building and the function of the nuclear reactor facility can “till be maintained, there exist no safety problems.
Therefore, when the seismic safety of the peripheral slope of the nuclear reactor building is to be evaluated, it is
necessary to confirm that its collapse does not affect the nuclear reactor facility, etc.

In addition to the items described above, the nuclear power plant also has various other structures, such
as circulation cooling water inlet/outlet facility, etc., as listed in Table 4.1.1-1. They will be explained in section
4.5 "Other civil structures "

4.1.2  Guideline of consideration of design seismic force

For nucleer reactor building foundation bedrock, nuclear reactor building peripheral slope, and important
outdoor underground structures, any of them should not degrade the function of the Class A and Class As buildings
and structures, neither should they have secondary influence on the ability to maintain the function of buildings and
structures. Hence, in the aseismic design of these ground and uaderground structures, the seismic force used is that
based on the basic earthquake ground motion S, or 8, The method for determining the basic earthquake ground
motion is described in Chapter 2.

For the seismic force used for evaluating the safety, a detailed description will be presented in section 4.2
and later for different types of ground and structures
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Figure 4. 1.3-2 Basic flow chart of safety evaluation of important outdoor underground structures [4.1-1)
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Figure 4.2.4-1.  Definition of local safaty factor (example).

(2) Evaluation standard values
. Evaluation of sliding

The sliding-plane method and static analysis method are based on the traditional seismic coefficient method,
in which the earthquake is regarded as & static phenomencn [n this anal. -~ e standard value for evaluating safety
is usually taken as about 2.0, independent of the type of found=tion g: < of the nuclear power plant.

In the case of isotropic groune evaluation is usually limited (o the sliding of the foundation bottom surface.
Consequently, only the properties ¢* the bottom of the foundation need to be evaluated, and the analysis accuracies
of both the sliding-plane method and the static analysis are considered to be about the same. That is, for ivotropic
ground, it is possible (o assume that the sliding-plane method and static analysis have the same level of general
accuracy.  For these two analysis methods, the evaluation standard value is taken as 2.0 as in the conventional
scheme.

For heterogensous ground or an anisotropic ground., it is necessary to study the stability of the sliding plane
along the weak strata in addition to the sliding of the foundation bottom surface. The sliding-plane method differs
from static analysis in that the stiffness and the nonlinear characteristics of the ground cannot be considered. As
# result, in certain respects, it is impossible to say that the ground characteristics are reflected fully in evaluating
the stability against sliding. Therefore it is desirable that a certain margin over the aforementioned evaluation
standard value of 2.0 be considered for sliding-plane method

For static analysis, it is possible to adjust the model corresponding to the characteristics of the ground.
Consequently , the analysis precision can be taken as the same for both isotropic ground and heterogeneous ground.
Hence, the evaluation standard value used for nonhomogeneous ground and amsotropic ground can be taken as
identical to that of isotropic ground, i.e., 2.0

Also, the aforementioned evaluation standard values in the various stages are used for the following
judgment: if the obtained safety factor is greater than *he evaluation staudard value, the sliding stability is taken
as fully guaranteed, and the ground does not need fu~ er detailed evaluation.

Dynamic analysis is @ method having much higher precision than the seismic coefficient method with
res wct 10 both property evaluation and analysis accuracy. As the evaluation standard value for sliding stability,
1.3 is used as the instantaneous sliding sefety factor of dynamic analysis due to basic earthquake ground motion S,.
In consideration of the fact that the sliding safety factor of fill-type dam and other important conventional public
facilities is taken as 1.2 for sliding safety evaluation [1.2.2-4), selection of the evaluation standard value for the

I18S



Table 4.2 4.1 Evaluation standard values for sliding of foundation ground of nuclear reactor building '’

Sliding-plane method Static analysis

2.0 20

Reference values for seismic evaluation of the foundation of nuclear reactor building with respect to sliding safety
factor

instantaneous shding sa)  factor derived from the dynamic apalysis of 1.5 provides a stricter condition for the
safety evaluation of the ground which directly supports the nuclear reactor building.

b Evaluation of items in section "4.2.4(1) Others*

Evaluation is performed for each item in section *Others. "

41 Peripheral slope of nuclear reactor building
431  Formation of soil model
(1) Slope as object for stability evaluation

The peripheral slope of & nuclear reactor building refers to the slope for which the distance between the
toe of the slope ana the nucluar reactor building is less than 50 m, or less than about 1.4 times the height of the

slope

-

() Properties

The properties used for stability analysis of the periphera! slope of & nuclear reactor building can be
determuned in the same way as in section "4.2.1(2) Properties.*

&) Other conditions that should be taken into consideration

In order (o investigate the stability of the peripheral slope of the nuclear reactor building, it is necessary
to study the following items in addition to the seismic force.

A Underground water

Usually, for slope stability analysis, the soil below the underground water level is taken as being in
saturated state.  For the banking slope and ground made of soil material in saturated state, excessive pore water
pressure is generated due to the effect of the shear stress during earthquake, and the stability against sliding is
decreased. Hence, an effective measure for maintaining stability of the slope is io actively lower the underground
water level using drain holes and drainage tunnels.
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Table 4 3.4-1.  Evalustion sandard values with respect to the pe ipheral slope of nuclear reactor building '

Sliding -plane thod Dynamic analysis

1.5 8 1.2

W alues as index for seismic evaluation of the peripheral slope for sliding safer; Yacior

According to section “4.3.2(1) Seismic force for static evalust.. =+ design horizontal seismic
coefficient Ky is taken as 0.3, which is about 1.2-3.0 times . * for a filled-type taq, = [4.2.2-4], and is bolieved
te be & rather lnrge seismic force. On the other hand, for the standard value .o evaluste the stability using the
iditg-plane method and excavation analysis method, & value of 1.2 to 1.5 has been used traditionally regardiess
of the type of the slope, such as banking slope, excavation slope, natural slope, otc. In consideration of the
sforementioned features. the evaluation standard value for the safety evaiuation using the sliding-plane metnod and
static analysis is determincd to be | §.

The dynamic analysi - has a much higher accurscy than the uforementioned two analysis methods basad on
the seismic coefficient scheme. The evaluation standard value for sliding stability is determined to be 1.2 This
value is equal to the sliding safety factor of 1.2 taken for filled-type dam in sliding stability evaluation using the
seismic coefficient method. Hoewever, since this sliding safety factor for dynamic analysis is used to evahiate the
instanteneous sliding condition, the safety evaluation of the slope is rather strict.

b. Evaluation of items in section "4.3 4(1) Others"

Evaluation is performed of each item in "Others.”
44 Important outdoor underground structures
441 Basic times
(h Scope of objective structures

The important outdoor underground structures refer to the structures related to emergency cooling facilities,
such as water inlet, water channel, water pit (pump chamber), seawater duct, and other seawster piping suppor!
structures. They form a very long structure from the water inlet to the nuclear reactor building, and may be
affected easily by such conditions as topography of the site, geology, structure lkyout planning, etc. Consequently,

sufficient care should be exercised in their seismic design. Figure 4.4 1-1 illustrates an example of the emergency
cooling facility.
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(2) Funrtio o needed

For the seismic design of the emergency cooling facilities, the following functions ~ust be maintained even
und: the basic earthquake ground motion §; or §,

{1} 1t should be able to take seawaier with the prescribed flow rate through the water i~ ad send it to
the residual heat removal system after passing \nrough the water channel, pump chamber, ard seawater pipe. That
18, it should he able to maintain the water transporting function of the water channel, the support of the pump, and
the support of tie seawater pipe.

{2} Even when the nuclear reactor is totally shut down after an e.rthquake, the aforementioned functions
still should be main. iined to maintain the safe shut-dewn state,

442 I s that should be taken into consideration
o Effects of earthquake

In the seismic design, stru-tures to be evaluated incl e the following types:

{1! Structures that support machines with high importance

12} Structures that are mainly underground

{3} Long and large structures.
For these structures, the following earthquake influences must usually be taken into consideration.
a. Stability of soil in the periphery of the structure during earthquake

The structures as the subjects are usually unuerground structures. For underground structures, the seismic
safety strongly depends on the seismic stability of the surrounding soil. Consequently, depending on the degree of
seismic stability of the surrounding soil, it is necessary to make drastic change for the ideas of the aseismic design
of the structure. As a resul’, sufficient care should be exercised in its evaluation
b. Deiorm=tinn of so0i| or earth pressure during ea. *ho ke

The behavior of the underground structure during earthquake depends on the motion of the surrounding
soil. Therefore, the wifluence of earthquake on the structure is mainly due to the deformation of surrounding soil.

Hence, the seismic safety of the structure should b= » ~luatec. mainly for the str~ss and deformation generated on
the structure caused by soil deformation.

¢. Inertial force caused by dead and live loads, reaction force by machine

Although the influence of earthquake on the uncerground structure mainly comes from soil deformation,
the effect of the inertial force cannot be neglected for some structures, while for other structures, this effect may
e neglected. The live load comes from pumps, pipes, etc., which have different seismic inertial torce patterns due
1o “see different vibration characteristics. As & result, it is necessary to cetermine the irertial force according to
these cha. ieristics, and the reaction force on the support structures due to vibration of the machines should be
considered appropriately .

d. Differential displacement

In the regions between water inlet a . water channel, between water channel and pump chamber, between
pump chamber and seawater pipe duct, betw.« . === ~ater pipe duct and nuclear reactor building, and in the adj-
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Table 4. 4.3-1.  Correction coefficient r, for different ground conditions.

Ground type

Ground almost identical to the foundation ground of the nuclear reactor
building

Ground which 15 softer than the foundation ground of the nuclear reactor
building and 1s expected to amplify the seismic coefficient

(2) seismic force for static evaluation
'Y Design horizontal seismuc coefficient

De = horizontal seismic coefficient (Ky) at the ground surface can be determined by the following
equation:

Ky = nonyony K (4.3

where K standard design seismic coefficient, taken as 0.2

0, .orrection coefficient at the site, usually taken as 1.0,

ny:  correction coefficient according to ground conditions, with values listed in Table 4.4.3-}.

ny: coefficient due to factors other than those described above, usually 1.0.

In te case when the seismic coefficient is believed to be different from the standard seismic coefficients
shown here in consideration of past design cases the equivalent seismic coefficient .s determined based on the
seismic characteristios of the ground.

b. Underground seismic coefficient

The aforementioned Ky is used as the underground seismic coefficient. However, a lower value can be
used on the basis of dynamic analysis of ground or other appropriate method.

0. Vertical seismic coefficient

In the case when the design vertical seismic coefficient (K, ) is considered, in principle, Ky = Kg/2, which
is the value used for both the portion above ground and the underground portion. For the vertical seismic
ec. fficient, in principle, there is no decrease in the depth direction. However, if there is a decrease due to the site
conditions, the decrezse pattern may be adopted.
444  Aseismic design method of structures
(n Aseismic design sequence

The aseismic rfasign of important outdoor underground structure is carried out according to the following

sequence (an example of the design sequence is shown in Figure 4.4.4-1),
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Figure 4.6.1-1 Analvsis model (soll model width for static analysis)
v Soil model width in static analysis

A study was performed regarding the standard model widih by stalic analysis or the four types of soil

mode! width shown in Figure 4.6.1-1 (the soil model single-side widths measuring fromn the bu |ding center are 1.25
times. 2.5 times, 5 times, and 10 times the width of the bullding bottom, respectivel) In this case, it is assumed
that the soil is a homogeneous soil without weak la, ers (with V, 800 m/s constant). Based on past analysis
examples, the depth of the soil model is taken as 200

t Ground depth for base motion input (¢ dynan ° Analys

As shown in Figure 4.6.1-2, the standard ground depth for base motion input Is evaluated by performing
response analysis for the soil model having four types of depths (U 75 times, 1.5 times, 2 times, and 2.5 times the

width of the building foundation, respectively) as the input base ground. In this case, the soil 18 assumed to be &
r !

jayered ground without weak layers The soil mode! width is taken as 740 m

Relation between seismic motion and eguivaient seismi coefhicient

For the model shown in Figure 4 6.1-3, static analysis and dynamic analysis are performed, and comparison

is made on the relation between the dynamic seismic motion and the squivalent seismic coetficient The analysis

model has a width of 800 m and & depth of 200 m to account tor the distributior wedak layers

: Properties of soil model
Table 4.6 i$ts the various consiants of *»= soil mode
Seismic forces for evaluatior
[ Static seismic force (shiding-plane method, static analysis
independent of the depth, the following seism e fficients are assumed to act on the soil at the same time
in the unfavorable directions
r
a2 % A -
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Sliding planes for analysis (relation between seismic motion and equivalent seismic coefficient).
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Table 4 6.2-1.  Properties of slope models
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Figure 4 6.2-1  Models used for evaluating slopes and profiles of assumed slid.ng planes,
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Figure 4.6.2-3(b).
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(€ Comparison between modified equivalent seisnic coefficient for slopes and seismic coefficient Ky = 0.3

In order 10 evaluate the distribution of equivalent seismic coefficients along the height of a slope for the
basic earthquake ground motion S, with the horizontal plane at the toe of the slope taken as the standard level, the
wlope was r'iced horizontaily with a 20 m interval; the distribution of the equivalent seismic coefficient acting on
the shiced soil masses (referred 1o as “modified equivalent seismic coefficient” hereinafter) is determined using
equation (4 6 |- 1) based on the acceleration distribution of the linear/equivalent linoar analyses determined, and the
results are compared with the constant seismic coefficient of 0.3

Figure 4 6. 2.4 illustrates the distribution of the modified equivalent seismic coefficient for & mudsione
homogeneous slope model shown in the figure.  On the other hand, Figure 4.6.2.5 illustretes the distribution of
modified squivalent seismic coefficient obtained using No. 6 seismic motion for the siope model shown in Figure
4621

Judging from these results, it can be seen that, except for the surfuce layer portion on the top of the slope,
in ull cases, the modified squivalent seismic coefficient is less than the seismic coefficient caleulated using the
maximum acceleratior -. the rock outcrop surface. In additicn ‘n almost all the cases with different seismic
motions, slope shapes, and nisterial characteristics, the values of the modified equivalent seismic coefficient are less
than 0.3 At the surface layer portion of the top of the slope, although the modified equivalent seismic coefficient
is greater than 0.3, it may be considered 1o be enveloped by the sewsmic coefficient of 0.3 if the duration of the
equivalent seismic coefficient as the static seismic motion is taken into account

(d) Results of evaluation of design horizontal seismic coefficient based on comparison of sliding safety factors

The sliding safety factors determined using the sliding-plane method with design horizontal seismic
coefficiant of 0 1 and using dynamic analysis for the basic earthqu he ground motion are compared with each other
In this way, evaluation is performed of the design horizontal seismic coefficient of 0.3,

Tables 4.6.2-3 and 4 6.2-4 list the sliding safety factors obtained from various methods and the equivalent
seismic coefficients by dynamic analysis. Figure 4.6.2-6 shows the relation between the ratio of the dynamic
analysis safety tactors to those obtained by the sliding plane method and the maximum acceleration of the basic
carthquake ground motion.

Judging from these results, it can be seen that although the equivalent seisimic coefficient on the soil mass
along the sliding plane determined in the dynamic analysis is greater than Ky = 0.3, which is used in the sliding-
plane method; however, the safety factor determined using the stiding-plane method with & uniform seismic
coefficient Ky = 0.3 is usually less than those obtained by a dynamic analysis.

Judging from the results of items (a)-(d) in the above, in the case when th 2 seismic foroe is substituted as
static force on the hasis of the seismic evaluation of the slape, the design horizontal seismic coefficient of 0.5 for
s slope is believed 1o be & value which almost envelopes the seismic force corresponding 1o the basic earthquake
ground motion

Based on the aforementioned analysis results, it is believed that the horizontal seismic cosfficient Ky =
0.3 which is set as SO% higher than standard design seismic coefficient K, = 0.2, which in tum roughly
corresponds to the upper limit (see soction "4.2.2 Design seismic force”) of the basic earthquake ground mation
S, »et by the Light Water Reactor Improved Type Standardization Aseismic Design Subcommiltee, is a value with
an appropriste margin corresponding to the maximum acceleration of up to 500 Gal at the toe of the slope, and it
is considered 1o be the upper limit of the static design seismic force even when the response variahilities due to slope
shape and material properties are accounted for.
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Distribution of modified equivalent seismic coefficient of slope due to No. 6 input seismic motion
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Table 4 6 2.3 Correspondence between oquivalent seismic coefficie~. and sliding safety factor.
Shiding plane
Soft rock Soft rock Hard rock Hard rock
Solution Seismic force and sope (1) e 3) g <1} sope ()
method safety factor AA | BB | AA | BB | A\A | BB | AA | BB
Equivalent
seismic 012 | 014 | 014 | 014 | 028 | 023 | 0.21 | 020
T:;)r coefficient
200 Gal | sfiding
J s : 9 : 3 A 07
— ssfoty factor 2.7 68 | 286 | 271 | 226 | 1.76 | 232 | 2
unulysis .
(linear) Equivalent
seismic 021 | 022 | 026 | 026 | 037 | 030 | 0.38 | 0.31
No. 6 coefficient
38R Gal N
iding
safoty 234 | 219 | 232 | 210 | 172 | 135 | 169 | 1.55
Shding-plane = Sliding
method Ky =03 safety factor 1.81 1.83 1.91 1.91 1 .80 1.40 1 .41 1.39
Equivalent
ssismic - - 011 | 013 | G117 | 0.15 - -
'(Té::)r coefficient
200 Gal | gliding
safoty f - - 286 | 283 | 262 | 201 - -
Equivalent
Dynamic seismic ~ - 0.% 0.29 0.4] 0.36 - -
analysis 1(‘9“[;)? coefficient
(equivalent
‘ $00 Gal ids
linear) Sliding - | = 21523 |20 |183]| - | =
safety factor
Equivalent
seismic - - 021 | 023 | 021 | 0.19 - -
No. & | coefficient
o ==
ding o o - -
atfety fastor 241 | 244 253 | 198
| Stiding olane | . _ | Sliding
| method Ku =03 | ety factor | — ~ 119 {19 1] 14| — -



Table 4 6 2.4 Correspondence botween squivalent seismic coefficient and sliding safety factor
on mudstone homogeneous slope.

Mudstons humegeneous slops
Seismic motion / Profile of sliding plane

No. 2 No. 3 No. 4 No. § No. 6 No. 17 (TR)
340 Gal | 353 Gal | 267 Gal | 286 Gal | 388 Gal | 407 Gal | 286 Gal

Analysis model AA A-A AA A-A A-A A-A A-A
Equivalent
seisinic 016 0.24 0.11 0.21 0. 26 0.21

Dynsmic o, ‘oais  |cocfMiciont
(linear) ;wm;
vy 108 | 243 | 298
"-' v
Sliding
b = 0.5y Slid'
factor
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463  Important outdoor underground structures

(nH Evaluation items

in this section, several typical structures among the various emergency water intake equipment, such as
water channel, water pit, and seawater duct, are selected for evaluation The dependency of the calculatio® results
is evalusted regarding the analysis method, soil spring constant, application scheme of soil pressure du.-»
sarthquake in the seismic coefficient method, etc.
(2) Analysis modsls
) Parameters of analysis models
(a) Wate. channel

The water channel is a steel structure with an inner diameter of 4 m and & length of 200 m, buried
horizontally in soil at & depth of 10 m. The surrounding soil consists of sandy layer (1) and bedrock. The bedrock
surfece is inclined at an angle of 15° from the water channel end (EL. -5.0 m), and becomes leval after EL. -35.0
m (Figure 4.6 .3-1),
(b) Water pit

The water pit is & reinforced concrete structure with & width of 50.5 m, & height of 20.3 m, and a length
of 70.0 m. 1t has 8 sets of water inlets and is buried in sandy layer (I1). 1t is directly supported on the bedrock
(Figure 4.6.3-2). Table 4.6.3-1 lists the long-term load.
(c) Seawater duct

The seawnter duct is a two-story reinforced concrete structure with a width of 8.80 m and a height of
470 m. 1t is buried in sandy layer (1) (Figure 4.6.3-3). Table 4.6.3-2 lists the long-term load.

b. Properties of ground and materials of analysis models

The ground studied in this case consists of upper sandy layer (1) (assumed 1o be alluvium), sandy layer (11)
(assumed 1o be diluvium), and bedrock. Their properties are listed in Table 4.6.3-3. In addition, the properties
of the materials of reinforced concrete, concrete, and steel are listed in Table 4.6.3-4.
e. Seismic force for analysis

(a) Dynamic seismic force (dynamic analysis)

Simulated seismic wave No. 6 is used. The :ertical seismic coefficient is taken as 1/2 the maximum
acceleration amplitude of simulated seismic wave No. &,
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ltem of condition

Table 4.6.3-1.  Long-term load (water pit).

Design value

Self-weight

The weigth per unit volume is determined as 2.4 tf/nr’ for reinforced concrete.

Water content

It is full of seawater (specific gravity 1.03). (Seawater level EL. £0.000)

Live Joud

The load due to equipment. pipes, etc. is taker 35 | tf/m® on the ceiling plate
and center floor plate

Overburden load on
ground surface

It is taken @ | tf/m? on the surface of the surrounding sand.

pressure and buoyancy

Underground hydraulic

With the groundwater level determined as EL. £0.00, the hydrostatic pressure
on the side wall and the buoyancy on the bottom plate are considered.

Long-term earth pros
sure

+ 10,000
e R

The static earth pressure coefficient is determined as K, = 0.§

é 3 ﬁ 1,500 |$
o +7,100

500
E: ]
Sandy layer (1) ] [ g
o +2,400

_‘8_;0.000

Sandy layer (1)

g‘l0l000

Bedrock

Figure 4 6 3.3 Structure of seawater duct and ground configuration

233






an




Table 4 634 Properties of materials

Material Item of condition

Design value

Remnforeed concrete Weight per unit volume

2.4 thm'

Young's modulus for calculating cross:
sectional force

2.7 % 10° tf/m?

Concrete

0, = 240 kgl/em? Shear modulus of elasticity for calculatic 3

cross-sectional force

117 * 10° tf/m*

Damping constant

5%

Weight per unit volume

7.88 tf/m®

Young's modulus

Steel

2.1 % 10" Wm'

Shear modulus of elasticity

81 » 10° tf/m

Damping constant

(3) Analysis resuits

. Comparison of analysic methods
(w) Water channel

(i) Analysis methods and analysis conditions

1%

The following three types of analysis methods are used to perform soil response calculation.

{1} One-dimensional multiple reflection (referred to as "multiple reflection” hereafter).
{2} Two-dimensional FEM complex response analysis {4.6.3-1] (referred to as "FEM" hereinafter).

{3} Buried tunnel method (4.6.3-2] (referred to as "burying” hereinafier),
Table 4.6.3-5 lists the analysis models and analysis conditions.

(1) Evaluation items

The results obtained by using the aforementioned three methods are used to perform the soil-structure
response calculation using multi-input response analysis [4.6.3.3].  Evaluation of the following three items is

performed.
{1} Maximum response acceleration
{2} Maximum response displacement
{3} Maximum member forces

(iii) Comparison of analysis results

{1} Figure 4 6 3-4 illustrates the maximum response acceleration distributions determined using different
analysis methods.  Figure 4.6 3.5 illustrates the maximum response displacement distribution.
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Table 4.6 3.5

"One-dimensional multiple

Analysis models and analysis conditions (water channel).

Sonl response analyes

it
i ¥11
£
2L 11 .
""‘" QI Hz“‘“h
- e~ 10 -

< The soil model is deter-
mined by dividing the soi
into soil columns (1)<(13)

< The strain dependence of
the sandy layer is consid-
ered using the equivalent
linear method

-~ The sail model is taken as
semi-infinite layered ground
and the soil response is
calouiated using the one-
dimensional multiple reflec-

tion theory

- A twodimensional FEM

model is formed for the soil
(EL. +5000-EL. ~3500,
width 200 m) (boundary
conditions: transfer bound-
ary for the side surface, and
viscous boundary for the
lower surface),

< The shear modulus of elas-

ticity G' and dumping con-
stant b’ obtained in "multi-
ple reflection” are used as
the soil properties

« The soil response is caleu-

lated by complex response
anulysis with the transfer

function determined up to
25 He

T 5 v e "
i reflection” FEM Buried tunnel method
- .
e e
h:a» 160300 - B 1.0 % 0> 900 J

« G’ and h' obtained in
“multiple reflection” are
used to form a dis rete-
mass 501l model

{1} Caleulation of each soil

column using discrete-
mass model (soll springs
K, equivalent mass,
equivalent damping)

{2] Soil springs K; for con-

necting =~ columns,

< Damping 1. -sumed to be
proportional to the strain
enorgy.

« The soil response is calou-
luted by using mode super-
position method consider-
ing fundamental mode
(0.623 Hz) to 10th mode
(3.74 Ho)

< For each soil column, the
design seismic motion
shown in seotion 4.6 3(2) is
incident on the assumed
input basement 