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INTRODUCTION

The present paper continues the previous publica-
tion by the author (Ulomoy, 2013), wherein an update
of the then-current normative maps of general seismic
zoning of the territory of Russian Federation (GSZ-97)
was discussed and the foundations of a new generation
of maps (GSZ-2012) were mentioned. The main prin-
ciples of the methodology of probabilistic seismic haz-
ard analysis (PSHA) and the content of the updated
database of the initial geological and geophysical data
collected over the last two decades have been analyzed,
as has alternative models of earthquake source zones
(ESZ). The principles of GSZ (transcribed from Rus-
sian “OCP”) harmonization, detailed seismic zoning
(DSZ), and seismic microzoning (SMZ), and those of
such normative documents as SNiP II-7-81%,
SP 14.13330.2011, and some others, have been further
developed (Ulomov, 2008, 2009; Aizenberg, 2010).

The present work discusses the main results of the
update of the ESZ model assumed for the GSZ-2012
and those regarding the construction of the new set of
maps.

As was reported in (Ulomov, 2009, 2013), research
regarding the GSZ-2012 was stimulated by a new tar-
geted federal program (TFP) named “Enhancement
of stability for residences and life-support systems in
seismic hazard regions in the Russian Federation in
2009—2013.” This TFP was approved by the govern-
ment of the Russian Federation (Government Regula-
tion no. 365) and extended until 2018. This TFP pro-
vided closer collaboration between the academic and
applied-research institutes and organizations for the
purpose of intensive research to specify seismic haz-
ards and update the regulatory documents promoting
seismic safety in the territory of Russia.

In 2009—2012, a large group of scientists, including
some permanently employed in academic and
applied-research institutes and organizations, worked
at the Production and Research Institute for Engi-
neering Surveys of Buildings (PRIESB). Researchers
from the Schmidt Institute of Physics of the Earth,
Russian Academy of Sciences, a leading institute in
the field of seismology and seismic zoning, also partic-
ipated in the work of this group. This group, the work-
ing group on the GSZ-2012 (WG GSZ-2012),
included dozens of renowned scientists and leading
specialists from many regions of Russia. The WG
GSZ-2012 has completed a great labor in the creation
of the GSZ-2012 set of maps, intended to replace the
GSZ-97, which had been in use for more than
15 years. At the final stage of the work, WG GSZ-2012
published in (Ulomov, 2013) was expanded (see
Appendix).

All database creation, calculations, and mapping
for the GSZ-2012 were done digitally using the pro-
gram ArcGIS 10 ESRI (GIS).

THE EARTHQUAKE SOURCE MODEL

The validity of the results of seismic zoning and of
seismic hazard prediction, and, from this, the assess-
ment of the social and economic risks, depends on
how relevantly the seismogenerating geologic struc-
tures have been identified and how accurately the seis-
mic regime parameters of these structures has been
estimated.

In 1991—-1997, owing to the development of new
approaches to the seismic zoning of the territory of
Russia and changes in the paradigm of deterministic
constructions, a consistent methodology of probabi-
listic seismic hazard zoning was developed, a general
unified database of initial seismological and geologic-
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Table 1. The magnitude M distribution of earthquake number N for 1990—2011 in the territory of Russia and a 300-km zone

beyond its boundaries

M 3.5 4 4.5 5 5.5

6 6.5 7 7.5 8 8.5

N 3267 1867 924 402 144

83 31 33 10 4 1

geophysical data was created, and the essentially new
lineament-domain-focus (LDF) model of earthquake
source zones (ESZ) had been elaborated. The LDF
model was used when constructing the GSZ-97 set of
maps (Ulomov and Shumilina, 1999) and also during
the author’s participation in the international project
Global Seismic Hazard Assessment Program
(GSHAP) in 1992—1999 under the leadership of
UN/UNESCO in the framework of the International
Decade for Natural Disaster Reduction (IDNDR)
(Giardini, 1999; Ulomov et al., 1999).

As a reminder, the LDF model of earthquake
sources deals with four scales of seismogenerating
structures: (1) a large region with an integrated char-
acteristic seismic regime, including three main struc-
tural elements described below; (2) seismolineaments
(SL), which can be generally characterized as the axes
of three-dimensional seismoactive structures; SL
reflect the structure of seismicity; (3) seismodomains
(SD) that completely cover the studied territory and
encompass the quasi-homogeneous (in the geody-
namic sense) volumes of the geological medium char-
acterized by scattered seismicity; (4) potential earth-
quake sources (PES) indicating the most dangerous
sites (foci) of seismogenerating structures.

Lineaments, domains, and potential sources, as
well as earthquakes proper, are classified in terms of
maximal magnitude value (M,,,,) with an interval of
0.5M = 0.2 (M. The minimum value of earthquake
magnitude along the lineaments is assumed to be M =
6.0 (to be more precise, (M = 5.8 £0.2). This is caused
by the fact that sources with a smaller magnitude are
identified insufficiently well at generalized seismic
zoning (that is GSZ by its nature); in the case of DSZ,
the threshold of magnitudes for lineaments can be
decreased.

Earthquake sources with M = 5.5 (to be more pre-
cise, M = 5.7 and less, £0.2) belong to domains. Their
upper threshold can also be decreased when detailing
GSZ maps.

When computer simulation of seismicity, virtual
sources from the model, long-term prolonged catalog
are implemented by random (Monte Carlo method) at
big number of implementations (Gusev and Shumil-
ina, 1995; Ulomov and Shumilina, 1999). For linea-
ments structures in terms of the LDF model, three
versions of incident angles of the central SL plane are
considered (45°, 90° and 135°—these angles are given
in the table of attributes in the GIS database for each
lineament). The virtual sources are implemented at
both sides of these planes within the sectors of +20°,
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with the deviation depending on magnitude (Ulomov,
2013). In domains, virtual sources are implemented
along the entire depth of the seismoactive layer (this
value is also given in the GIS database).

The LDF model of ESZ, on whose basis all calcu-
lations and constructions of the GSZ-2012 maps were
made, is shown in Fig. 1. Resulting from the analysis
of methods for identifying that the ESZ assumed when
constructing the GSZ-97 maps, and with the earlier
and new data on seismicity, seimsotectonics, and
active faults in the studied territory taken into account,
the LDF model of the GSZ-2012 has been signifi-
cantly updated.

E.g., the catalog of earthquakes occurring in the
territory of Russia, including the 300-km zone beyond
its boundaries, has been supplemented with 6766 seis-
mic events with M > 3.5 occurred for the period of
1990—2011 (Table 1), in comparison with the catalog
used in the GSZ-97.

Compared to the earthquake source model used in
the GSZ-97, the LDF model of ESZ used in the GSZ-
2012 has been modified as follows. A large number of
active faults has been excluded due to their artifact
nature. This was verified by the researchers who ini-
tially identified these faults as active (Trifonov, 1995;
Shebalin et al., 2000). This point argued against the
validity of the further use of the previous domain
structure in the ESZ model. Therefore the domain
component of the updated LDF model of ESZ for the
GSZ-2012 has been completely changed according to
the more grounded constructions of G.S. Gusev and
his colleagues (Gusev et al., 2011; Ulomoyv, 2013).

The remaining and newly found active faults (over
2000 in total) have become, in addition to the survey of
regional seismicity, the basis of updating the lineament
structures and estimating the expected maximum
earthquake magnitudes along with them. This time,
many magnitudes were estimated by V.G. Trifonov and
his colleagues with the geologic approaches used for
magnitudes’ parameterization on M,,,, (Wells, Cop-
persmith, 1994). In comparison to the structure of
LDF model of ESZ in terms of the GSZ-97, only
about 10% of the former SLs remained unchanged, if
that. The parameters (geometric and/or size) have
been changed for about 70 of the former SLs. Those
unchanged are the SLs and domains (focal zones)
along the Kuril island arc. For the territory of the Cau-
casus region, within the limits of 300-km zone beyond
the boundary of Russia, only high-magnitude SLs
have remained in the GSZ-2012, because they may
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produce a certain, though insignificant, seismic effect
within the territory of Russia.

The total number of SLs and their segments for the
GSZ-2012 was 773, and that of seismodomains was
200. Both types of structures have been corrected by
agreement with the initial authors; this work was car-
ried out by the present paper’s author, who is the chief
editor of the GSZ-2012 maps and led the effort to seis-
mologically parameterize all seismogenerating ele-
ments of the LDF model. Other participants were
K.N. Akatova, N.S. Medvedeva, A.A. Nikonov, and
S.A. Peretokin; the latter performed all computations
for the GSZ-2012 using the program VOSTOK-2003,
modified by him on the basis of developments by
A.A. Gusev and V.M. Pavlov for the GSZ-97 (Ulomoy,
2007).

In contrast to the GSZ-97 maps, which were con-
structed on a square computational grid of 25 km in
size, construction of the GSZ-2012 involved the use of
denser triangular grid with a distance of 15 km between
the nodes; this grid covers the entire studied territory
and is more accurate, taking the Earth’s sphericity into
account.

PROBABILISTIC SEISMIC HAZARD
ASSESSMENT

The GSZ-2012 set of maps, including parts A, B,
C, D, E, and F (Figs. 2—7) (Ulomov and Bogdanov,
2013), was constructed on the basis of updated initial
databases, as well as the specified ESZ models and the
seismic effects generated by these earthquake source
zones. The summarized GSZ-2012 wall map, with
each map given in a scale of 1 : 8000000 (analogous to
the GSZ-97 wall map), is illustrated in Fig. 8.

The technology of the GSZ-2012 construction, as
well as that of the GSZ-97, is methodically based on
PSHA. The seismic hazard dynamics is caused by the
peculiarities of the territory’s seismic regime and by
the recurrence period of earthquakes with different
magnitudes.

The PSHA results are presented in the GSZ-2012
maps in the form of calculated expected seismic
effects 7, in terms of the macroseismic scale units, with
the recurrence of expected seismic effect once per 7'
years on average and with the probability P that the
calculated expected seismic intensity will be exceeded
in ¢ years. The probability formula is the following:

P=1—exp(—t/T),att< T—P=1t/T.

E.g., at T= 100 years and 7 = 50 years P = 39.35%;
at T'= 500 years and ¢ = 50 years, P =9.52 = 10%; at
T= 1000 years and t = 50 years, P=4.88 ~5%; at T =
2500 years and ¢ = 50 years, P=1.98 ~ 2%, and so on.

As was mentioned, in the main GSZ-2012 maps
the integer number designations of intensity units that
are convenient for Russian surveyors and designers,
are used; note that the updated earthquake intensity
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scale 1Z-2012 is compatible with both the MSK-64
and EMS-98 scales.

ON THE APPLICATION OF THE GSZ-2012
MAPS TO BUILDING PRACTICE

The GSZ-2012 set of maps (Figs. 2—7) character-
izes six levels of seismic hazard (A—F, respectively) in
terms of integer number intensity units. These levels
determine different types and levels of responsibility
when projecting and earthquake engineering of the
planned objects. Choice of the maps for the purpose of
estimating the relevant social-economical risk for
concrete objects is determined by the federal regula-
tions and technical documents, or by customers in
some cases.

As was said above, the degrees of seismic hazard
indicated on the GSZ-2012 set of maps correspond to
the probabilities—39 (map A), 10 (map B), 5 (map C),
2 (map D), 1 (map E), and 0.5% (map F)—that cal-
culated expected maximum magnitudes will be
exceeded during a 50-year interval (or that this magni-
tudes will not be exceeded in this time interval with
probabilities of 61, 90, 95, 98, 99, and 99.5%, respec-
tively).

The appearance of the GSZ-97 maps takes into
account that estimated values of the expected seismic
effects are applied to the same constructions not based
on more than one map, as was done previously, but
instead are based on two or more maps. The terms
“projected earthquake” (PE) and “maximum
expected earthquake” (MEE) appear. The former cor-
responds to the lower level of the expected seismic
effects that may disturb, but not terminate an object’s
functioning. The latter corresponds to the upper level
of the expected seismic level (i.e., occurrence of the
stronger, though rarer seismic event). In this (latter)
case, the calculation is made with the possible inelastic
deformations that can render an object inoperative,
but does not cause its complete destruction or deaths.

The recurrence periods of seismic effects for PE
and MEE are chosen depending on the degree of
responsibility and the construction type. For example,
when projecting the earthquake-proof civil and indus-
trial objects, SP 14.13330.2011 (the updated version of
SNiP I1-7-81%), which utilizes the GSZ-97 maps, takes
a periods of 500 years into consideration (GSZ-97A
map) for PE, while the periods of 1000 and 5000 years
(GSZ-97B and GSZ-97C maps, respectively) are used
for MEE. For hydraulic-engineering purposes, peri-
ods of 500 and 5000 years (GSZ-97A and GSZ-97C
maps, respectively) are used; in the nuclear-power
industry, 1000 and 10,000 years are used (GSZ-97B
and GSZ-97D maps, respectively). Before the
2500-year period was introduced into the GSZ-2012,
the value of seismic effects when projecting the trans-
port constructions was determined using the seismic
hazard curves from the available GSZ-97 maps A—D
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Levels of seismic hazard at r = 50 years
Construction type ( T=A1 00) (T=B500)
P=39% | P=10%

Civil
Industrial
Transport
Hydroengineerin
Nuclear power
Petroleum

Fig. 9. Examples of GSZ-2012 set of maps application in building practice: (/) projected earthquake; (2) maximal expected earth-
quake. 7'is recurrence interval of seismic effects that occur once per 7 years; P is the probability that intensity of seismic effects

will be exceeded within 50 years, %.

(Ulomoyv, 2008). The same was done when projecting
petroleum-industry objects.

Examples of possible combinations of maps when
estimating the projected (PE) and maximal expected
(MEE) earthquakes are exhibited in Fig. 9.

Since the new GSZ-2012 set of maps is supple-
mented in periods of 100 and 2500 years, a broader
interval of values of seismic effects can be covered and
more valid curves of seismic hazard can be obtained.
The maps with 7= 100 years can be applied when pro-
jecting the temporary constructions of lower level of
responsibility.

Table 2 and Fig. 10 compare the areas of zones with
different seismic intensities based on the GSZ-2012
and GSZ-97 maps for the same recurrence periods 7,
as a percentage of the territory of the Russian Federa-

tion. As is seen, the general pattern of seismic zoning
remains the same. However, the GSZ-2012 maps,
owing to their higher degree of detail in comparison to
the GSZ-97 maps, showed fewer areas of very high
(9 and higher intensity) estimates of seismic hazard.

Estimates of seismic effects indicated in the GSZ-
2012 maps are refer to average soil conditions
(2nd category of soils in terms of their seismic proper-
ties, according to SNiP II-7-81* and SP
14.13330.2011).

CONCLUSIONS

The uncertain conditions always exist in the nature,
and various errors in determination of physical param-
eters of earthquake sources and those in assessing the
macroseismic effects from these sources will always

Table 2. The areas of zones of different seismic intensity for different recurrence intervals based on the GSZ-2012 and

GSZ-97 maps, as a percentage of the total area of Russia

GSZ-2012 GSZ-97
Interllsity, T, years T, years
500 1000 5000 10000 500 1000 5000 10000
<5 58.4 51.4 42.4 36.5 58.1 53.4 40.6 34.5
6 17.0 14.6 9.0 12.1 14.8 12.7 12.3 14.3
7 18.2 20.3 15.9 12.9 17.9 18.5 13.2 8.9
8 5.0 11.3 19.7 19.2 7.1 10.0 19.3 17.6
9 0.6 1.5 11.0 14.5 1.9 4.9 9.7 15.7
>9 0.8 0.9 2.0 4.8 0.2 0.5 4.9 9.0

SEISMIC INSTRUMENTS Vol. 50 No. 4 2014
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Fig. 10. Comparative view of areas of zones with different seismic intensities (/ = 6—9 and >9) based on the GSZ-2012 (a) and
GSZ-97 (b) maps at different recurrence intervals, in percentage of the entire territory of Russia (see Table 2).

take place. All these points on aggregate make the
purely deterministic approach to seismic zoning
invalid and therefore the probabilistic approach is the
only possible basis for seismic zoning. Certain risk will
always take place, but it must be reduced to the mini-
mum and to the acceptable level in social-economical
sense. This is what the GSZ-2012 maps provide: they
help estimate the seismic hazard for objects of differ-
ent responsibility categories in terms of six seismic
hazard levels measured by different probability of pos-
sible exceedance of predicted seismic effects during
the set time intervals.

The GSZ-2012 set of maps, jointly with its appen-
dices (maps of peak accelerations and those in decimal
intensity units of 0.5 and 0.1) and the reasoning
methodical materials (earthquake catalog, LDF
model of ESZ, etc) is made in the form of CD entitled
“Seismic safety of Russia”; the publisher who is the
same as the publisher of Engineering Survey (Inzhen-
ernye Izyskaniya) magazine—OOO Geomarketing—
will publish this CD online (Ulomov and Bogdanov,
2013).

As for the maps of acceleration values, they are
determined in the GSZ-2012 by recalculating the
intensity points of the updated 1Z-2012 seismic scale

developed under the leadership of EF. Aptikaev (Apti-
kaev and Erteleva, 2011a, 2011b) and not from instru-
mental measurements of strong motions of the
ground, as has been done for a long time in many
countries abroad. We do not yet have the ability to
measure them in Russia because of the insufficiently
developed network of respective stations. The use of
the world database of strong motions in the ground can
be more or less applicable, thanks to their respective
differentiation in terms of seismogeodynamical condi-
tions of the analogous region. Furthermore, use of the
records of accelerations from weak and moderate
earthquakes, without the tectonic skip types in sources
taken into consideration, as is done by some research-
ers, is not a reliable approach.

Nevertheless, the author believes it will be useful to
publish the GSZ-2012 set of maps in terms of peak
ground motions, including a summarized wall map for
all six levels of seismic hazard. Representation of seis-
mic effects in the form of acceleration, as well as the
larger number of GSZ-2012 maps relative to the GSZ-
97 set, will promote harmonization between the Rus-
sian and non-Russian standards.

All the GSZ-2012 maps constructed, before their
inclusion into the Federal State System of Territorial
SEISMIC INSTRUMENTS  Vol. 50

No. 4 2014



GENERAL SEISMIC ZONING

Planning and other regulatory documents, can be
considered as information sources and used when
engineering surveys, detailed seismic zoning, and seis-
mic microzoning.

APPENDIX
PARTICIPANTS IN THE WORKS ON GSZ-2012

Organizations—responsible partners: OAO Produc-
tion and Research Institute for Engineering Surveys
on Buildings (PRIESB, chief executive manager
M.I1. Bogdanov, Cand. Geol.-Miner. Sci.); Schmidt
Institute of Physics of the Earth RAS (IPE RAS, exec-
utive manager is A.O. Gliko, Academician)

Leaders: Prof. V.I. Ulomov; M.I. Bogdanov, Cand.
Geol.-Miner. Sci.

Chief editor is Prof. V.I. Ulomov.

Main performers: V.I. Ulomov, Dr. Phys.-Math.
Sci, Prof.2 !; V.G. Trifonov, Dr. Geol.-Miner. Sci.,
Prof.>!; EE Aptikaev, Dr. Phys.-Math. Sci., Prof.% 1;
A.A. Gusev, Dr. Phys.-Math. Sci.* !; G.S. Gusey,
Dr. Geol.-Miner. Sci., Prof.> !; K.N. Akatova®!;
D.M. Bachmanov, Cand. Geol.-Miner. Sci.>!;
T.I. Danilova, Cand. Geol.-Miner. Sci.? !; V.S. Imaey,
Dr. Geol.-Miner. Sci., Prof.>!; L.P. Imaeva, Cand.
Geol.-Miner. Sci.®; A.l. Kozhurin, Dr. Geol.-Miner.
Sci.>1; VI. Makarov?, Dr. Geol.-Miner. Sci., Prof.”-1;
N.S. Medvedeva® !; A.A. Nikonov, Dr. Geol.-Miner.
Sci., Prof.> !; S.A. Peretokin, Cand. Tech. Sci.® !;
S.V. Shvaryov, Cand. Geol.-Miner. Sci.> L.

Co-performers: M.I. Bogdanov, Cand. Geol.-
Miner. Sci.!; V.A. Bormotov, Cand. Geol.-Miner.
Sci.?; 1.P. Gabsatarova, Cand. Geol.-Miner. Sci.'%;
A.N. Gulyaev'!; V.S. Druzhinin, Cand. Geol.-Miner.
Sci.!; VYu. Zabrodin, Dr. Geol.-Miner. Sci.’;
G.Yu. Karaman!; VA. Kilipko, Cand. Geol.-Miner.
Sci’>;  Yu.E Konovalov: '?; N.G. Korneval;
S.L. Kostyuchenko!?; O.N. Krutkina, Cand. Geol.-
Miner. Sci.'%; S.N. Nikitin> '; V.A. Ogadzhanov,
Dr. Geol.-Miner. Sci., Prof.’>; V.M. Pavlov'¢;
A.M. Petrova'; A.A. Polishchuk!; L.A. Sim%
V.N. Smirnov, Dr. Geogr. Sci., Prof.'’; V.V. Snezhko,
Cand. Geol.-Miner. Sci.'%; I.N. Tikhonov, Dr. Phys.-
Math. Sci., Prof.'®; A.V. Chipizuboy, Dr. Geol.-Miner.
Sci.’; G.V. Shilina, Cand. Geol.-Miner. Sci.};
0.0. Erteleva, Cand. Phys.-Math. Sci.> .

Reviewers: G.Sh. Amintaev, executive manager of
the North Caucasus Science Center for Earthquake
Engineering (Makhachkala); G.S. Shestopyorov, vice
manager of OOO POISK, Dr. Geol.-Miner. Sci.,
Prof. (Moscow).

Affiliations: 'OAO PNIIIS (Moscow); 2Schmidt
Institute of Physics of the Earth RAS (Moscow);
3Geological Institute RAS (Moscow); “Institute of
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Volcanology and Seismology FEB RAS (Petropav-
lovsk-Kamchatsky); “Institute of  Mineralogy,
Geochemistry and Crystallochemistry of Rare Ele-
ments (Ministry of Natural Resources and Ecology,
Moscow); °Institute of the Earth’s Crust (Irkutsk);
"Sergeyev Institute of Environmental Geoscience
RAS (Moscow); 8SKTB NAUKA, Krasnoyarsk Sci-
ence Center (Krasnoyarsk); °Institute of Tectonics and
Geophysics FEB RAS (Khabarovsk); °Geophysical
Survey RAS (Obninsk); 'Institute of Geophysics UB
RAS (Yekaterinburg); '2000 Energoproekttekh-
nologiya (Moscow); 3Central All-Russia Research
Institute GEOFIZIKA (Ministry of Natural Resources
and Ecology, Moscow); '“All-Russia Geological Institute
(VSEGEI) (Moscow); "OAO Atomenergoproekt (Rosa-
tom State Company, Moscow); '®Kamchatkan Division
of the Geophysical Survey RAS (Petropavlovsk-Kam-
chatsky); "Northeastern Complex Research Institute
FEB RAS (Magadan); '®Institute of Marine Geology
and Geophysics FEB RAS (Yuzhno-Sakhalinsk).
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