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The purpose of seismic design of a nuclear power plant is to insure the

safety functions of the important safety facilities of the plant and to pro-

tect the inhabitants of the neighboring areas against radiation hazard in

case the plant suffers from a intense earthquake. For this purpose, the

seismic design calls for the following considerations:

1. Classification of Nuclear Power Plant Facilities according to Importance

of Seismic Design Considerations.

Generally, adequate seismic design is prepared according to Classes A,

B and C in the priority order, taking into consideration the safety re-

quirements of individual buildings, systems and components of the power

plant.in case of the loss of their functions or their failure.

(a) Class A

Class A design applies to those facilities that may cause a nuclear

accident when they fail to function, and those facilities which are



indispensable for the protection of the public against radiation

hazard in case of a nuclear accident. These facilities include

reactor buildings, outer and inner concrete shield walls, central

control room, reactor vessel, reactor internal structure, primary

coolant equipment and piping, core cooling system and its auxiliary

system.

The containment vessel boundary which provides ultimate boundary in

case of coolant loss accident, and components for emergency reactor

shutdown are indispensable for safety purposes. These facilities,

grouped as Class As, are specially designed to maintain their func-

tions.

(b) Class B

Grouped under Class B are those facilities related with highly ra-

dioactive materials in normal operating conditions. The facilities

include auxiliary reactor building, BWR turbine building, radioac-

tive waste treatment structure and BWR turbine components.

(c) Class C

All other buildings and facilities than the above class A and B are

grouped under Class C.

In addition to the above classification, auxiliary systems required

for maintaining the functions of a system, such as electrical ins-

trumentation components and emergency power supply system, are con-

sidered to be of the same importance as the main system.

Design Earthquake and Design Seismic Ground Motion

(1) Design Earthquake

The earthquake to be considered in seismic designs is the earth-

quake considered most severe of earthquakes which may be predicted

on the basis of the historical earthquake distribution in the areas

including the nuclear power plant site, their magnitude, seismicity,

historical seismic damages, soil conditions and other rel.evant fac-

tors.

(a) Selection of earthquake to be considered in designs

A list will be prepared of all earthquakes recorded in the

areas including the plant site, with more or less damages.



The epicenter and magnitude of the listed earthquakes will then

be examined. Investigation will be made of the damage distri-

bution, extent of damages and tsunê.mi damages, because these

factors are very important for the prediction of earthquake

intensity.

(b) Prediction of the maximum acceleration at power plant <=ite

For the estimation of the maximum acceleration cf bedrock at

the power plant site, an overall analysis will be made of the

maximum acceleration or velocity determined by empirical for-

mula for assumed earthquakes, the maximum acceleration derived

from the strong-motion earthquakes recorded in various parts

of Japan, and the authoritative seismic intensity expectancy

figures.

Based on this analysis, the following maximum design accelera-

tions on the bedrock were determined. In case of Tsuruga Plant

250 gals, and Mihama 300, Fukushima 180, Takahama 270, Shimane

200, Hamaoka 300, Genkai 180 and Ikata 200.

(2) Selection of Seismic Waves
t,

Many seismographs have been installed at the bedrock, intermediate if

stratum and on the ground surface to make observations, and surveys

are made of the seismic wave spectrum at each stratum, amp]ification

ratio on the ground surface and the predominant period to determine

the vibration characteristics of earthquakes.

Taking into consideration the ground motion characteristics of the

plant site and the vibration characteristics of structures, usually

three appropriate seismic waves are selected for design purposes

from among the modified seismic waves referring to well-known over-

seas strong-motion earthquake records, similar records in Japan and

the earthquakes recorded at the plant site. In some cases, artifi-

cial random waves adjusted to fit the bedrock characteristics of the

site are used.

(3) Design Seismic Ground Motion

To develop the design seismic ground motion to be used in dynamic

analysis, the various seismic waves mentioned in (2) above are nor-



malized to the design maximum acceleration and acceleration response

spectrum curves are prepared.

Fig. 1 shows a design response spectrum curves with a damping of 5%.

3. Dynamic Analysis

(1) Buildings and Structures

(a) PWR

Main buildings of PWR are often built on hard rock strata di-

rectly, and in those cases analytical models are assumed that

the buildings are fixed with the rock. Since the steel con-

tainment vessel, outer and inner concrete shield walls are

separate structures, they are replaced with single elastic

individual column models with multi-lumped masses, and the

stiffnesses among the respective mass are evaluated with axi-

symmetrical shell models and modal analyses are made using

the design response spectrum curves, in order to determine

dynamic seismic response of the models.

The steel containment vessel is known to generate oval vibra-

tion and analysis is made taking this into consideration.

In addition to the above analyses for the individual column

models, a time history response analysis is carried out at a

critical damping of 5% adoping three seismic waves decided for

each plant site for a coupled multi-mass system model of the

same structures. The later analysis includes the evaluation

of stability of the base mat regarding to uplift, preparation

of floor response spectrum curves and a comparison with the

former analyses.

(b) BWR

Vibration model used for seismic response analysis of the re-

actor building is multi-mass system model which consider the

building as a concentration of mass at each floor level.

The drywell is connected rigidly at the lower portion to con-

crete foundation of the reactor building and linked to the

building at the higher portion by shear lugs. Since the ves-

sel is restricted its horizontal deformation, masses are inter-

connected by stiff springs and this form a vibration model

coupled with the reactor building.



The time history response analysis is carried out for the

reactor and drywell vessel. The maximum response value thus

obtained is used for seismic design. The rigid reactor build-

ings of BWR are often built on relatively soft rock strata

directly, and in those cases the effects of soil-structure

interaction are reasonably expected and special attention to

evaluate those is achieved. Namely, the dynamic analysis is

carried out applying ground compliance theory dealing with

dissipation damping of vibration energy into the ground.

Recently, the result of that analysis is reevaluated through

real vibration test installing shaking machine on the building

when it is completed.

(2) Equipment and Piping

It is a common practice to convert the vibration system into a

model of single degree of freedom system or 3-dimensional multi-

degree of freedom system and to make a spectral modal analysis of

equipment and piping using prepared floor response spectra.

In preparing the design floor response spectrum curves, usually

the following points are considered on safety side:

(a) Envelope of six response spectra produced by three seismic

waves mentioned 2 (2) above and responses of one building in

two horizontal directions normal to each other.

(b) Range extension of +107, at each peak of the response in period

is made considering a shift in the natural period due to some

deviation in assumptions and calculations.

(c) Value 1.2 times larger than the maximum response value is

adopted for the shorter period.

(d) Valleys of the response spectrum curve are filled to make flat.

Fig. 2 shows an example of the design floor response spectrum

curves.

In a frequency analysis of equipment or piping, the natural

period is often verified by such means as vibration tests, if

analytical modeling is quite difficult.



4. Design Seismic Force

(1) Seismic Force Acting on Building and Structure

1) Class A Design

(i) For horizontal seismic force, either of the forces of a)

and b) below, whichever is greater, is adopted.

(a) Static horizontal seismic force calculated by seismic

coefficient determined by the Building Standard Law

of Japan, multiplied by three, namely 3 Co.

(b) Horizontal seismic force determined through the

dynamic analysis based upon 2 and 3 mentioned above.

(ii) The vertical seismic force is determined from the seismic

coefficient equal to one half of the horizontal seismic

coefficient at the foundation bottom of a structure. It

is assumed to apply in the most adverse direction simul-

taneously with the horizontal seismic force.

2) Class B

This class of design considers the horizontal force determined

from 1.5 Co.

3) Class C

This class of design considers the horizontal seismic force

determined from Co.

(2) Seismic Force Acting on Equipment and Piping

1) Class A

(i) The seismic force applying to equipment and piping is

determined through the dynamic analysis based upon 2 and

3 mentioned above.

(ii) The seismic force determined above must not be less than

those determined, at the installed elevation of the sub-

ject item of the supporting structure, from 1.2 times

the response acceleration for the design seismic ground

motion and from the seismic coefficient 3 Co.



(iii) The vertical seismic force determined from the vertical

seismic coefficient of a Class A building is also assumed

to apply in an adverse direction simultaneously with the

horizontal seismic force.

(iv) In Class A3 design, the horizontal seismic force is 1.5

times greater than those determined from (i) or (ii) above.

2) Class B

The horizontal seismic force at the installed elevation of the

subject item of the supporting structure is determined from

the seismic coefflceint 1.2 x 1.5 Co = 1.8 Co.

3) Class C

The horizontal seismic force at the installed elevation of the

subject item of the supporting structure is determined from

the seismic coefficient 1.2 Co.

5. Testing to Assure Reliability of Seismic Design

(1) Vibration Test

Vibration tests and functional tests for actual buildings and equip-

ment or simulation models are obligatory to assure the reliability

of seismic designs of those elements of the nuclear power plant

facilities that are of vital importance for safety purposes.

(a) Buildings and Structures

The vibration characteristics of reactor buildings, outer und

inner concrete shielding walls, containment vessel and support-

ing structures for key components are evaluated by means of

field tests.

One of the tests is enforced vibration test using a vibration

exciter installed on the operating floor of the reactor build-

ing or top the outer or inner concrete shielding walls or steam

generator shielding wall. Observation of macro-earthquakes or

micro-tremors or artificial earthquakes is made as necessary in

parallel with the vibration test.



(b) Equipment and piping

Important components are selected for testing purposes. En-

forced vibration tests are conducted by means of adequate vib-

rating equipment, or a shaking table (for example key performan-

ces are as follows: maximum horizonal excitation force 100 tG,

maximum amplitude +50 mm, table size 6 m x 6 m, maximum loading

capacity 100 tons, frequency range 0.1 to 50 Hz, and arbitrary

wave) to measure natural vibration characteristics, response

to design seismic ground motions, generated stress and other

characteristics and to verify the equipment functions. In

some cases, impact load is applied to the system by an appro-

priate means to measure its natural vibration.

(2) Super-high Performance Vibration Table

In Japan, a super-high performance vibration table is currently at

the stage of detail design. The new vibration table will be capa-

ble of determining the vibration characteristics, strength margin

and design reliability of heavy components of the nuclear power

plant facilities, such as reactor structures, primary coolant com-

ponents, and containment vessel.

Major Performance of Vibration Table

1. Max load: 1,000' tons

2. Table size: 15 m x 15 m

3. Direction of vibration: 2 directions simultaneous

4. Max stroke: +200 mm Horizontal
+100 mm Vertical

5. Max. speed:

6. Max. acceleration:

75 cm/sec Horizontal
37.5 cm/sec Vertical

Horizontal and
vertical

Simultaneously

Simultaneously

Horizontal

Vertical

Unloaded
500 tons loaded
1,000 tons loaded

( Unloaded
j 500 tons loaded
I 1,000 tons loaded

approx.
approx .
approx.

approx.
approx .
approx .

4,900 Gals.-)
2,670 Gal. !
1,800 Gal. !

2,450 Gal. 7

1,335 Gal.
900 GaIs-.

b Inertia
loaded
conditions

Inertia
loaded
conditions

7. Frequency range: 1 - 30 Hz

The above properties will be subject to minor change at the stages

of detail design and manufacture.



6. Installation of Seismograph

(1) Seismic Observation Equipment

It is important to provide adequate seismic instrumentations at the

key equipment of a nuclear power plant and on the supporting ground.

This will permit the following:

(a) Ready comparison and evaluation of the actual response to

earthquakes and the calculated response value used in the

design;

(b) Decision on whether it is possible to continue safe operation

of the plant in case of an earthquake; and

(c) Great contribution toward future research and development of

seismic engineering technology.

A recent example of seismic observation is found at the Ikata Nu-

clear Power Plant.

Fig. 3 gives the locations of the seismic detectors and outline of
observation system.

(2) Seismograph as Reactor Safety Protection System

It is obligatory for the nuclear power plant to install seismic

detectors which emits scrum signals to the safety protection system

immediately when the reactor building undergoes seismic motions

greater than a given level. It is common practice to install a

seismic detector on the foundation slabs of the reactor building.

The seting scrum value is generally the value equivalent to one-

third of the design static seismic coefficeint or two-thirds of

the design dynamic response acceleration at the location of instal-

lation of the seismic detector, whichever is greater, plus seismic

detector tolerance of +J.0% and safety margin.

In some cases four seismic detectors are used to observe horizon-

tal seismic motions, and in other cases three horizontal seismic

detectors and three vertifal ones.

7. Current Problems in Evaluation of Seismic Ground Motion

Joint efforts of the Government and private circles are being made to improve

the guidelines and standards for seismic designs of nuclear power plant

facilities, in order to raise their safety level.



With respect to defining the design earthquakes and design seismic ground

motions, there are many problems remaining to be solved, such as (1) deter-

mination of seismic ground motions in the seismic source region (maximum

velocity amplitude, frequency characteristics and duration), (2) evaluation

of active faults and correlation with magnitude of earthquakes, (3) evalua-

tion of seismotectpnic basis, and (4) evaluation of vertical seismic ground

motions or their seismic waves and design response spectrum curve. These

problems aire currently under study and it is expected that some definite

conclusions will be drawn from the study in the near future.
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FI(J. 1 GROUND RESPONSK CURVE
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2'° DAMPING FACTOR 3 = 0.5%, 1%, 2%, 5%
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(CASE 2)

180 GAL EARTHQUAKE

0.5%

= 1.0%

B = 2.07.

= 5%

0.5 1.0
PERIOD (SEC)

FIG.2 FLOOR RESPONSE CURVE

(CASE 1)

DAMPING FACTOR

STRUCTURE A 5% B 1%
EQUIPMENT 0.5%

(CASE 2)

0.01 0.02 0.04 0.2 0,4 I
PERIOn (SEC)

A OUTER SHIELD, ELEVATION 68.4 (M)
B CONTAINMENT VESSEL, ELEVATION

66.90 (M)

DAMPING FACTOR

STRUCTURE A 1%
B and C 5%

EQUIPMENT 0.5%

0.01 0.02 0.04 O.I 0.4 I
PERIOD (SEC)

A CONTAINMENT VESSEL, ELEVATION 45.7 (M)
B OUTER SHIELD, ELEVATION 55.775 (M)
C INNER CONCRETE, ELEVATION 11.3 (M)
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