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ABSTRACT:
Seismic hazard has been estimated according to ex-USSR norms in the original designs of WWER -
type Nuclear Power Plants (NPP) in former Soviet Union as well as in all former east European
countries. For some steps of the design the national standards has been also taken into account. The
original ex-USSR norms and instructions has been several times changed and improved during the
time.

This contribution is dealing with the development of ex-USSR norms and regulations with
the aim to recognise some most important differentiations in comparison with corresponding
western or international ones from point of view of civil structures. The understanding of relations
of these documents is very important for seismic qualification and upgrading of WWER-type NPPs.
The main Soviet/Russian Standards and Regulations related to the seismic design and qualification
of NPP structures as SNiP II-A. 12-69, VSN 15-78, SNiP II-7-81, PiNAE G-7-002-86, NTD SEV
etc. have been taken into consideration and compared with western or international standards as
IAEA 50-SG-S1, IAEA 50-SG-D15, KTA 2201.1-6, ASCE 4-86 etc.

The numerical examples of structural seismic qualification has been elaborated according to
different standards for better understanding and in order to determine the degree of safety referring
to corresponding standards. The authors has tried also to take into account the way of application of
ex-USSR norms. The comparison of different norms and regulations has been analysed and
corresponding conclusions and recommendations have been derived. These conclusions and
recommendations can be helpful by the seismic qualification and upgrading of WWER-type NPPs.

1. INTRODUCTION

Many countries, particularly countries with regions with earthquake hazard have, developed
standards for seismic design of structures. However, these standards were not sufficient for the
construction of Nuclear Power Plants from many reasons. First of all, the required safety of
technological systems and structures related to nuclear safety is much higher than the safety
required for living houses or ordinary industrial equipment and buildings. Furthermore, these
existing standards have not defined methods and acceptance criteria for technological systems and
structures of NPPs at all.

In connection with the development of NPPs, the corresponding standards have to be also
developed. The elaborated standards for design of NPPs in seismic regions have been usually
improved step by step in accordance with permanent increase of safety requirements on one site and
increase of corresponding experience and knowledge on the other site.
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The comparison of initial Soviet and current Russian Standards with west standards must be
studied in connection with their historical development.

2. REVIEW OF USSR STANDARDS USED DESIGNS OF NAP

The historical development of initial Soviet and current Russian Standards can be divided
into several periods according to their main characteristics. The most important standards are
presented in Table 1.

Table 1. Historical Development of Initial Soviet and Current Russian Standards
Related to general Safety Issues of NPPs.

Period

1st Period

2nd Period

3rd Period

year

up to the end of 70th
years

up to the end of 80th
years

from the late 80th
years

Standards,
Regulations

SNiP II-A.12-69*

SNiP II-A.12-69*
SNiP II-7-81
VSN 15-78
OAG 130.03
RTM 108.020.37-81
RD 16 20.1-86
PiNAE G-5-006-87
NTD SEV
PiNAE G-l-011-89
PiNAE G-7-002-86
NTD SEV 4214-86
RD 16 20.1-86
RD 25818-87
OTT-87
GOST 17516.1.90
GOST 16962.2-90

Comment

General seismic
building standard
without respect to
NPPs
VSN 15-78 is an
extension of general
seismic building
standards SNiP for
NPPs

Note: Thick printed Standards and Regulations refer to earthquake and associated topics in relation
to NPP sitting and seismic analysis of NPP civil structures.

3. COMPARATIVE STUDY WITH WEST STANDARDS

Following international, westeuropeans and USA Standards and Regulations have been mainly used
for comparison with soviet/russian standards: (ref. Table 2.)
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Table 2. West Standards and Regulations Used for Comparison with Soviet/Russian Standards

Standards, Regulations

IAEA50-SG-S1
IAEA50-SG-D15

KTA 2201.1
KTA 2201.2
KTA 2201.3
KTA 2201.4
KTA 2201.5
KTA 2201.6
ASCE 4-86

Comments

IAEA Safety Guide
IAEA Safety Guide: Seismic Design and Qualification for
Nuclear Power Plants
German Regulations

ASCE Standard: Seismic Analysis of Safety Related
Nuclear Structures and Commentary.

3.1. General Comparison of Standards and Regulations

The main steps of the design of seismic resistant NPPs structures according to different standards
will be studied now in order to compare the east and west standards.

Earthquake levels:

Almost all standards use two levels of earthquake: Despite that the terminology as well as the
definition of maximal estimated earthquake is very different, according to the practice east - west.
The earthquake with annual probability 10 is assumed as the maximal estimated earthquake in all
countries. Some countries ( Germany) use the maximal earthquake only. (Ref. Table 3.).

Table 3. Comparison of Earthquake Levels

Standard, Regulation

IAEA 50-SG-S1
Initial Soviet VSN 15-78
Current Russian
PiNAE G-5-006-87
USA (SRP, RG)
Germany KTA 2201.1

Lower Design Earthquake
Level
SL-1
DE

the same
OBE

-

Higher Design
Earthquake Level

SL-2
MDE

the same
SSE
MCE

Notes:
1. The SL-1 level corresponds to an earthquake often denoted as Operational Basis Earthquake

(OBE).
2. The SL-2 level earthquake corresponds to an earthquake level denoted as Safe Shutdown

Earthquake (SSE).
3. Design earthquake (DE) is an earthquake which may occur one times per 102 years. The plant

should remain functional during and after DE.
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4. Maximal Design Earthquake (MDE) is an earthquake which may occur one times per 10 years.
5. The Operating Basis Earthquake (OBE) is an Earthquake which, considering the local geology

and seismology and specific characteristic of local subsurface material, could reasonably be
expected to affect the plant site during the operating life of the plant. It is the current practice in
the US that the OBE is taken one-half of the SCE ground motion.

6. The Safe Shutdown Earthquake (SCE) is that earthquake which is based upon an evaluation of
the maximum earthquake potential considering the regional and local geology and seismology
and specific characteristic of local subsurface material. It is that earthquake which produce the
maximum ground motion for which the safety-related structures, systems and components are
designed to remain functional.

7. KTA 2201.1 requires only the higher design earthquake level - Maximum Credible Earthquake
(MCE).

There is no minimum Peak Ground Acceleration value (PGA) for the higher earthquake in
Soviet/Russian standards and regulations for seismic design of NPPs as recommended f.e. by the
IAEA document (0,10 g).

3.2. Seismic Categorisation of Structures

Seismic categorisation of structures systems and components according to their relationship to safe
shutdown of the reactor is assumed in all standards. The Russian standards use more detailed
seismic categories, I, la, Ib, III, but there are no substantial differences in the definition of
buildings, structures and technology involved in seismic category

3.3. Determination of Seismic Forces

3.3.1. Structural Seismic Analysis according VSN 15-78

Seismic analysis of the structures according to the VSN 15-78 is based on the utilisation of
equivalent static seismic forces. These forces are determined by the method of modal analysis of
the structure using additional coefficients expressing the features of the structure, of the soil,
damping etc.

The seismic forces have to be determined according to the relations of the common USSR
seismic standard SNiPII-A. 12-69 with some modifications which are described in the VSN-15-78.
Seismic forces are calculated according to the formula given in the SNiPII-A. 12-69 and modified
by VSN-15-78:
s ik - m Qk Ks Pi T| & (1)

where it is:
m - coefficient according to the VSN 15-78

m = 2,5 for buildings of 1st seismic category
m = 1,0 for buildings of 2nd and 3rd seismic

category
Qk - weight concentrated in the node "k"

Ks - seismic coefficient according to the table 6.

(3} - dynamic coefficient, Pj = 1/Tj < 3,0

>0,8
for structures with low damping (towers etc.)
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for structures without effective shearwalls and with the ratio of the height of co-
lumns their width equal to 25 or higher coefficient p should be multiplied by the
factor 1,5 ,with the ratio equal to 15 or less coefficient p should be not increased.

- modal analysis factor - ref. Eq.(2)

Modal analysis factor is determined in accordance with the equation:

"Hik =
Xi(xk) I Qj.Xi(xj)

(2)

Seismic load will be increased for buildings with the number of floors n > 5 by the factor
l+(n-5) but not higher than 1,5 and for the buildings of precast big elements or concrete cast in situ
walls by the factor l+0,06(n-5) but not higher than 1,3. Only one factor, higher from the factor for
increasing the value B or the factor taking into account the number of floors should be used in the
calculation of seismic loads.
According to VSN-15-78 furthermore it is necessary to take into account local site conditions.
Local site geological and hydrogeological are introduced into consideration by corresponding
regulation of site intensity (ref. Table 4.).

Table 4. Influence of Local Geological and Hydrological Conditions

Category of the Soil

I. Category of the soil:
rock or soil with big pieces and
underground water
level h = > 15 m

II. Category of the soil:
disintegrated rock with big pieces and underground
water level 6 < = h < = 1 Om
or sand and clay soil, h >= 8m

III. Category of soil disintegrated rock with big
pieces, underground water level h < = 3 m, or
sand and clay soil h < 4 m

Site Intensity (ball)

4 5. 6 7 &

3 4 5 6 7

4 5 6 7 8

5 6 7 8 9

Seismic intensity is furthermore adapted according to the Table 5.
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Table 5. Seismic Intensity According Seismic Category of Buildings

Characteristics of the building

NPP buildings and structures seismic category I. and II.

NPP buildings and structures seismic category III.

Seismic Intensity for the
Calculation (ball)

4 5 6 7 8

5 6 7 8 9

4 5 6 7 8

Seismic coefficient should be determined with the respect to the resulting calculation
seismic intensity using the Table 6. It should be noted that the seismic intensity used in the
calculation can be different for different buildings on the same site

Table 6. Seismic Coefficient Ks ( SNiP II-A. 12-69 )

Determined
Seismic Intensity

(ball)

Coefficient Ks

4

0,003

5

0,006

7

0,025

6

0,013

8

0,050

9

0,100

3.2. Structural Seismic Analysis According PiNAE G-5-006-87

The standard PiNAE G-5-006-87 constitutes an extension of the general Russian seismic standard
SNiP II-7-81

The seismic analysis of building and structures of seismic categories I and II according to
the standard PiNAE G-5-006-87 can elaborated by the help of static equivalent forces determined
by the formula:

Sik = Kc-K2Kli;.QK-A-p.-Tiik (3)

where it is:

K. £ is the coefficient taking into account the specific conditions of the operation of NPP
and it is assumed:

for structures of the first seismic category
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K s = 0,625

for structures of the second seismic category

Ke = 0,500

for structures of second category but not for storing radioactive products and
media

K e= 0,300
K2 is the coefficient taking into account the structural systems of buildings

and structures, it is assumed in accordance with SNiP II -7-81.
For structures with over-crossing walls of in-situ and/or of precast
reinforced concrete the value of the K2 coefficient should be assumed
as 1,

Kv|/, Qk, T]ik, pi,

should be determined in accordance with general seismic standard SNiP II-7-81

A is the coefficient the magnitude of which should be assumed according to the table 7:

Table 7. Seismic Coefficient A

A =

Illliill

0,025

illlill

0,050

Illllll

0,100

Illllllll

0,200

3.4. Load Combinations

Load combinations together with seismic load for NPP building and structures as prescribed in
VSN 15-78 and PiNAE G-5-006-87 are summarised in Table 8. The current load combinations are,
in general consistent with IAEA recommendations (50-SG-D15). They are more conservative than
the KTA requirements ( KTA 2201.3).

Table 8. Seismic Load Combinations for NPP Civil Structures

Standard

VSN 15-78

PiNAE G-5-006-87

Seismic Category

I

NOC+MDE+M
DA

n
NOC+ DE

NOC+DE+DA Ha

m
SNiP II-A. 12-69

SNiPII-7-81
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NOC+MDE

ANOC+MDE

NOC+DE+DA

NOC+DE lib

ANOC+DE lib

NOC - Normal Operational Condition
MDE - Maximal Design Earthquake
MDA - Loads due to Postulated Maximal Design Accident
ANOC - Abnormal Operational Conditions

3.5. Ductility of Structures

Unfortunately there are no detailed instructions in all standards about the utilisation of ductility of
structures, despite the fact that the positive influence of structural ductility to bearing capacity of
structures in the case of earthquake is well known from the literature as well as from real
earthquakes. Most probably the coefficient K in soviet standard PiNAE G-5-006-87 (Ks = 0,625
for Category I structures) refers to the ductility of structures, but on the other hand this coefficient
can be used without limits for all structures (ductile and non ductile) according this standard.

3.6. Soil Structure Interaction (SSI)

Soil structure interaction is very important for the structures based on the soft soil, but there are no
instructions or recommendations in both Soviet/Russian Standards and in Interatomenergo standard
referring to this problem. The influence of soil to the seismic response of structures is in
Soviet/Russian Standards introduced by the soil quality dependent ground response spectrum and
by changing of the seismic intensity of the site (ref. Table 4).

3.7. Damping of Seismic Structural Vibrations

Damping of seismic structural vibrations recommended in different standards, east and west, is very
similar. Values of damping recommended for most important structures are presented in Table 9.
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Table 9. Damping Values According to Different Standards (Percent of Critical Damping)

liillilllllll

Reiforced Concrete
Structures

Prestressed Concrete
Structures

Welded Steel
Structures

Bolted Steel
Structures

Masonry Walls

:lllilB.BiIl

4

4

t-
o

t-
o

pilllllllllli!
4 7

~> 5

2 4

4 7

||f|pPt;llP#I:§;;l
iliiiii||p#i:|lilil

• • : • • • • : • • - : - : • • • : • : • . : • - • • : - . - . : • : • • • • . • • : : • • • • - " • : • : • . • : • • • ; • : • : • : • '

7

4

7

7

4. COMPARISON OF SEISMIC STRUCTURAL LOADS ACCORDING TO EAST
STANDARDS WITH CURRENT PRACTICE

Two soviet standards have been used for the design of seismic resistant NPPs in east Europe in past
years, firstly the standard VSN 15-78 and later PiNAE G-5-006-87.
The comparison with today practice will be demonstrated by the calculation of seismic load in the
node Qk using the both soviet standards.

As the representative standard for today practice the American standard ASCE 4-86 will be
used. It should be noted that there are no substantial differences between this and other west
standards with the respect to demonstrated comparison.
The same seismic and geological input will used in all calculations. No Soil Structure Interaction
will be assumed in all calculations.
The used seismic input:
Seismic site intensity : 8 ball
Soil category II.

Static equivalent force will be calculated for reactor building - (Seismic category I )

Calculation according to the standard VSN-15-78

- Seismic intensity 1 = 8 ball (local geological conditions - soil category II ref.Table 4)

- Building of the seismic 1st category. Intensity I = 8+1 = 9
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- factor with the respect to number of floors = 1,0

- factor for increasing coefficient p was adopted 1,0

- coefficient for buildings of 1st category m = 2,5

- seismic coefficient Ks for increased Intensity 9 is Ks=0,100 ref. Table 6.

- maximal value of pi is for fi > 2,85 Hz, pj = 3,0

Maximal modal force in the node k and for the frequency i is:

S i k = 0,75-Qk

where it is: Qk weight in the node "k"

r]jk modal factor

Calculation according the standard PiNAE G-5-006-87

The coefficients of the equation for equivalent static forces according to assumed input are:

- Ke= 0,625 conditions of the NPP operation

- K-2 = 1,00, structural solution

- K \\> = 1,00 type of structure

- A = 0,20 for the intensity 8 ball

- Pi = 2,7 value for fj > 2,43 Hz

Maximal modal force in the node k for the frequency fj is:

S i k = 0,3375.QkTl ik

Calculation according to the standard ASCE 4-86

Seismic and geological input is the same as before but following data must be added.

- ground acceleration corresponding to the site intensity 8 ball is assumed to be cca 0,25 g as the
maximum.

- structural damping is 5 %

- the amplification factor for the site-independent response spectra (acceleration) is 2,71, (ref.
ASCE 4-86)

maximal acceleration spectral value is 2,71 .0,25 = 0,677g for fj in the interval 1,5-10 Hz.

Maximal modal force in the node k and for the frequency fj is

Sik = Sa.Qk.-pile = 0,677 .Qk . r | i k

Comparison of the results

The comparison of the modal forces determined using different standards is presented in Table 10.
The modal force obtained according to ASCE 4-86 is denoted as 100 %

164



11

Table 10. Comparison of Modal Forces Determined Using Different Standards (ductility factor 1,6
used in the PiNAE - G-5-006-87 only)

Standard

USA Standard ASCE 4-86

VSN 15-78

PiNAE - G-5-006-87

Modal Force %

100,00%

110,70%

49,85 % *

Notice: * Equivalent static force was reduced by the revers value of ductility factor 1/1,6 = 0,625

It should be pointed out, that static equivalent forces according to the standard PiNAE - G-5-
006-87 are reduced with coefficient Ke (Ke = 0,625 for structures, seismic category I) which could
be suggested as the reverse value of ductility factor. The coefficient Kg is used for all structures,
without respect to their mode of failure.

For structures with ductile mode of failure, the ductility factor may be introduced in all
calculations. For the reason of comparison of standards, we introduce the same ductility factor in
the same way as it is assumed in the standard PiNAE - G-5-006-87 (equivalent static force will be
reduced by the revers value of ductility factor 1,6) in all calculations.
Comparison of the results is presented in Table 11.

Table 11. Comparison of Modal Forces Determined Using Different Standards (ductility factor 1,6
used in all compared Standards )

Standard

USA Standard ASCE 4-86

VSN 15-78

PiNAE - G-5-006-87

Modal Force %

100,00%*

110,70%*

79,76%*

Notice: * Equivalent static force was reduced by the revers value of ductility factor 1/1,6 = 0,625.

4.0. CONCLUSION

The Standard VSN 15-78 and later PiN AE G-5-006-87 (since July 1, 1988) have been used for the
design of seismic resistant NPPs in eastern Europe and USSR. These two standards have been
analysed in accordance with to day west standards.

Significant differences between the Russian and west European standards have been found
particularly in the global construction of the standards. On the other hand the main design
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philosophy of all standards is very similar. It is very difficult to compare the main parameters as
damping value, load combinations etc. of west and Soviet standards, because different methods for
the evaluation of structural seismic forces are assumed. In order to overcome this problem the
comparison of resulting seismic forces according to two cited Soviet Standards and the USA
ASCE-64 Standard has been elaborated in this contribution. The results of this comparison are
presented in the section 4. of this contribution.

On the basis of this comparison it can be theoretically concluded that despite some
differences the structural seismic forces calculated according to Soviet-Russian Standards are in
good relation to that one determined by west standards. It seems that the standard VSN 15-78 was
very conservative and the new Soviet-Russian Standard PiNAE G-5-006-87 is less conservative,
because it uses the effect of ductility of structures or other effects increasing their bearing capacity
without respect to their characteristics.

It should be pointed out, that the comparison of calculations according to different standards
was elaborated without respect to Soil Structure Interaction, because there are no recommendations
or comments to this problem in both Soviet standards. The results of comparison could be very
different when SSI will be included, particularly in the case of foundations on soft soil. According
to the authors experience, usually the substantial problems have not been caused by the utilisation
of Soviet Standards, but mainly by their not correct interpretation in the practice. The improved
Soviet seismic Standard PiNAE - G-5-006-87 came too late (valid since July 1988) and not exactly
defined methodology have been used for designs of NPPs for a long period.

From all above mentioned reasons the comparison elaborated here cannot be generalised and
detailed seismic verification will be always necessary in concrete cases of seismic upgrading of
NPPs WWER-type. However, despite that the authors of this paper do believe that here presented
comparison of east and west standards can contribute to better understanding of initial seismic
designs of VVER -type NPPs.
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