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The L mﬂgd’e Law for Earthquakes generallzes he
classical Gy enberg “RICHIENTelationshipaccounting for.the
loczl fr al Sthiicture ofithe lithosphereas follows -
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?N A + B(5-M) + C:log,,L

Where N = N(M, L) is the expected annual number of
, eart.hquakes with magnitude M in an earthquake-prone area of
linear dimension L.
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e tlme -magnitude volume S xT x M s
S ered where S Is the territory, T Is time interval
= | Grﬁ T0 to T,, and M is the magnitude range above M, .

-r: » Note: the events in the catalogue with magnitude m = M,
- should be reasonably complete within S since T, .

22.11.2023 ¢ |[EPT RAS ¢ 6



esmicnazard mapsibased on USLE
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QHENCARNUSE the long- termiestimates of the USLE coefficients
l@IChiaracterize seismic hazard In traditional terms of
e expecteanntensi Speciticaly, considertthe
VEIIES Of A B, and C obtained for seismic locus (e.g. at
WIENGTIO | ‘oints ofia regular mesh).

Fofr feretesl ide M1 = M < M2 calculate at these grid points the
a,gr acted number of events in T years, N (M) = T XN(M)
-~ and fmd the maximum magnitude M, with the expected
S =il ﬂmber N=(M) = p% or greater.

-

=-'»—:Fﬁr grld points of a regular mesh compute the maximum of
- Intensity produced by the ensemble of M, earthquakes.

Presumably, such an expected maximum magnitude map
corresponds to “probability p% exceedance of in T years”,
.e. p% poein T years”.
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ov V. (2022) The Lake Baikal Region anisc modelling for realistic
d risks and disaste Proceedings of the Third European Conference on
1g and Se mology 3EC S September SSeptemEer 9 2022 Bucharest, Romania /

ogs /() ’ ;koO.

| J

Stielal "(1968) suggested the empirical estimate of
MIECTOSEISMIC intensity | at distance A from of an earthquake
SEPICE ntre ofimagnitude M originated at depth h,

1 =bxM —vxlog, VA2 +h? +¢

wﬁere b vy and ¢ are the empirically estimated regional constants
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Anisotropicseismicimpact e

JVENTONOSENOIUSE 2 medificaéiog dependingenith
. system of active faultsinitne Earth's crust:
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WIIIRE e.Jrln'r]E ake'source zone of an elliptical shape with semi-axes A(M)
— /) u :;B’M and B(M) = 7% =10y + o M Is randomly distributed
= values from 1(M, A(M), h) to I(M, 0, h);

Cﬂ" | ,t e_angle measured from the dominant strike y of the

. - — -
L " -
- — -

;._—;‘i_,-,_;.f e active fault system;

= ‘ A 4’5 are the constants characterizing typical length and width of the
= — source zone, which should be regional, if available, or determined by
2 . Independent studies elsewhere, e.g.,
Wells and Coppersmith (1994) suggest the following mean values
a=-229 =057 y=—-1.17 0=0.34.
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SESATIsotropic seismicimpact
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M 6.8 - 54 km WSW of Oukaimedene, Morocco

2023-09-08 22:11:01 (UTC) 31.073°N 8.407°W 18.0 km depth
https://earthquake.usgs.gov/earthquakes/eventpage/us7000kufc/shakemap/stations
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Weralserassume tha 1IC WaVes [r te uniformly
[fenitiIe boundary ofithe earth'quake SOUICce zone, So that
_)_‘]I’:,L_Jgj_ru 2103 r::"»::‘ CNRtenSity ollowWs equatior

@, @ B 7, )=1(M,A(M)+Ar(M,¢),h)

WHETEWAVIV/)NS: ‘f e minimum distance from the point (4 xcosg, 4 xsing) to the boundary of
== ;;-_:ff ' the source zone, namely,

ro IEEIIIPE >

IPSE |th semi-axes A(M) and B(M) centered at the earthquake epicenter.
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|d€ﬁtly, the dominant strike @ of the regional active fault system may have a

e
'-3.3-
=

B

— _.tnumber of optional directions, in particular, at nodes and intersections of

- morphostructural lineaments. Therefore, a given epicentre of either real or

= model earthguake can be associated with one or even several directions for
modelling its seismic impact. A reasonable choice of directions and their

number to be made by analysing the empirical probability density distribution of

the fault azimuths {wi, pi | 1= 1, ... n; > pi = 1} and picking the wi with maximal p..

l
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To ahalyse seismicity in the Lake Baikal Region, we make use of local catalogue compiled at Baikal
Division of the Geophysical Survey, Federal Research Centre of the Russian Academy of Sciences
from 1994 to 2019. Data available at https://seis-bykl.ru/modules.php?name=Data&da=1

The catalogue is sufficiently complete at least for energy class K above 8.6 (K =4 + 1.8xM).
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" Active faults of the Lake Baikal Region

* Bachmanov, D.M., Kozhurin, A.L., Trifonov, V.G. (2017) The Active Faults of Eurasia Database.
Geodynamics and Tectonophysics 8 (4): 711-736. https://doi.org/10.5800/GT-2017-8-4-0314
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a.—— No 4. — C. 54-62. https://doi.org/10.47148/1609-364X-
-

IHETECHERN IS defined as the azimuthSiehithe maximum em ability determined by
MEKNONISENeTthe nUmMber of actlve fault azimuthsiin ‘nen overia‘pplﬁg' 10 degree sectors of a

- 77} ~ i = - - ——— e ——
30-kmradius circleicentred Al el  epicentre e ———
gatimaizd by averagine iz 2Zimuiis of it l'-‘,JOﬂ-'d [IPACLUVENS ]f: OffEurasia _)_.u._u 2 (Szlerimeigjoy 2tz 2

\ j‘ [PH/NEGLECIHINIASHT fefeiie DASE
hs ST )

—-106 108 11 110 112 11 114 116 118 120 122

{y;} color-coded
in respect to MX

= 4.0-4.9
— 503550
> 6.0

22.11.2023 ¢ IEPT RAS « 20



e

v VI

The set of triplets { (g;, M;, ¢,) } allows us to
design the elliptical seismic source zones
for the Lake Baikal Region.

This resulted in consideration of 1136, 1448
and 1705 cells with expected 10%, 5% and
1% of exceedance of MX in 50 years.
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dihecatalogue coﬂ'tajﬂs‘LZ4 earthguakes of magnitude MLH=5.5 that occurred from
3000"BC 102013 AD In the"[fake Baikal Region.

95 -
100 102 104 106 108 110 112 114 116 118 120 122 2UrtriejUEs
- (77% of the

‘ total 124
fag earthquakes)
0 100 200 300 km are located in
' the area of
expected
intensity VIII,
22 (18%)—in
area of
intensity VII,
and only 6
(5%) within
the area of
intensity VI

Vil Vil

Fig. 10 Epicentres of the magnitude MLH > 5.5 earthquakes from Ulomov and Medvedeva (2014) on top
the USLE-based seismic hazard map of /max with 1% chance of exceedance in 50 years given in Fig. 7.
Epicentres within the areas of macroseismic intensity VIII, VII and VI are marked with black, blue and
green stars, respectively. Three epicentres fall outside the area of expected strong ground shaking (yellow
stars) including the two outside the territory of the Russian Federation

22



B nacroseismic highintensities

based on and models

/. Seismic risk assessment for the infrastructure in the regions adjacent to the Russian
mur Mamlme based on the Unified Scaling Law for Earthquakes. Nat Hazards 116, issue 2,
:/ldoi.org/10.1007/s11069-022-05750-9

|

I
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100 102 104 106 108 110 112 114 116 118 120 122 100 102 104 106 108 110 112 114 116 118 120 122 100 102 104 106 108 110 112 114 116 118 120 122

Zavyalov A, Peretokin S, Danilova T, Medvedeva N, Akatova K ( 2019) General Seismic Zoning:
from Maps GSZ-97 to GSZ-2016 and New-Generation Maps in the Parameters of Physical
Characteristics. Seismic Instruments 55(4):445-463. https://doi.org/10.3103/S0747923919040121

IX X
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BiHcroseismic high intensitiesbased

and models

N

Natural Hazards

Nekrasova, A., Kossobokov, V.
Seismic risk assessment for
the infrastructure in the regions
adjacent to the Russian
Federation Baikal-Amur
Mainline based on the Unified
Scaling Law for Earthquakes.
Nat Hazards 116, issue 2,
1995-2010 (2023).
https://doi.org/10.1007/s11069-
022-05750-9

100 _104

s USLE VI Vil VIII
GSZ-2016 vi Bvnh v

= Fig.9 GSZ-2016 and USLE-based macroseismic intensity maps for the Lake Baikal region for 10%, 5%
1 and 1% probability of /max exceedance in 50 years

- Table 2 The lake Baikal Region macroseismic intensity area for a period of 50 years with 10%, 5% and 1%
probability of exceedance (in per cent to the total area within the borders of Russian Federation) Zavyalov A, Peretokin S,

DanilovaT, MedvedevaN,
I class USLE GSZ-2016/A USLE GSZ-2016/B USLE GSZ-2016/C AkatovaK ( 2019) General

10% of exceedance 5% of exceedance 1% of exceedance Seismic Zoning: from Maps GSZ-
97 to GSZ-2016 and New-
100.0 Generation Maps in the
90.3 Parameters of Physical
; Characteristics. Seismic
714 Instruments 55(4):445-463.
https://doi.org/10.3103/S0747923
919040121

VI+
VII+
VIII +

323
15.2
3.8

87.2
63.8
31.1

425
23.1
16.0

91.9
76.6
45.1

72.5
48.9
249
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Seismic riskiestimates e
; pe - {s |
ALY ,dnr‘ risk estlmﬂfés,result fromarconyvelution of

Eazardyithithielexpesed ehjectunde
\,st deration alongiwith'its vulnerability’ —

(9) H(g) ® O(g) ® V(0(9)),

; n° é H(g) IS natural hazard at point g, O(g) Is the
‘exposure of objects of risk at point g, and V(O) is the

-‘.‘

= \’;'Iherablllty of objects of risk. Note that distribution
- ofrisks, as well as objects of concern and their

vulnerability could be time-dependent.
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estatestandards

ds, ds; ds, dss
HAZUS Damage State
Slight/Minor Moderate Extensive Complete
’ cl oadbeds
et - - -
612 12-24 24-60 same as ds,
.:5::‘
- 885 8.5-9.0 9-9.5 9-9.5
€ % -.e‘is‘mically Designed and Conventionally Designed)
e
,g) | 03067 0.7-0.86 0.8-1.4 1-1.4
_,46-20175 7.5-8.0 8.0-8.5 8.5-9.0 8.5-9.0
e e
—
= Tunnels (Rock and Cut & Cover)
PGA (median, g) 0.5-06 0.7-0.8 >0.8 >0.8
| (GOST R 57546-2017) 7.5-8.0 8.0-8.5 8.5 and more 8.5 and more

22.11.2023
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Federal Emergency Management
Agency (FEMA), Hazus
Earthquake Model Technical
Manual Hazus 5.1. Retrieved from
https://www.fema.gov/sites/default/f
iles/documents/fema_hazus-
earthquake-model-technical-
manual-5-1.pdf on April 04, 2023,
14:34 EST.

GOST R 57546-2017 National
Standard of the Russian Federation.
Earthquakes. Scale of seismic
intensity.

Date of introduction 2017-09-01 (in
Russian)
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filLake Baikalrailroad system.

1 We use Open Street

- --—~| ﬂ ai data to obtain —_-I

: _-_;_-J’__-_:’-"-?“"I SRS | " railroad tracks,
= " bridges, and tunnels
in the Lake Baikal
Region
(https://www.openstr
eetmap.org).

S T The OSM data
S revealed the

S0y -, < M\\ / presence of 13,999
"’? 0 100 200 km '

railroad tracks...

e H N

km, Total length
RF State Border 025 10 20 40 80 160 331 J
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Villnerability of railroad element

crete (PCC) railroad ties & stone trac
DaSE d-on Railway Engin

u per route km, mean value | 0.250 | 0.333 | 0.416

-
b

f

RellWayENgineering & Col Str.uctlon Cost Benchmarks USA Location - 2023 Cost Basis:New & Refurbished Railroad Cost Benchmarks per mile &
Km, inc! L}Jaq afflc Control Systems, Detailed Design/Construction Management costs. COMPAS international inc , 2023

(https://compas mt’érnatlonal net/wp-content/uploads/2023/02/Compassinternational_RailwayEngineering_11x8.5_Draft2-1. pdf)

—

_L-; Chrﬁark cost, based on P50-value, New Main Lines Cost, 2021

~— e —

-
— C—
.-

;,,_‘ e Macroseismic Intensity Vil IX X

= —= x10°, a.u. per | Tunnels | 15.275 | 30.550 | 45.825
route km Bridges | 11.7 23.4 35.2

New Main Lines Cost Benchmarking Study March 2021 © Copyright 2020 Jacobs Consultancy Ltd..The concepts and information contained in this
document are the property. of Jacobs. Use or copying of this document in whole or in part without the written permission of Jacobs constitutes an
infringement of copyright Limitation: This document has been prepared on behalf of, and for the exclusive use of Jacobs’ client, and is subject to, and
issued in-accordance with, the provisions of the contract between Jacobs and the client. Jacobs accepts no liability or responsibility whatsoever for, or
in respect of, any use of, or reliance upon, this document by any third party.
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kmjin reg

Probability of Models —
USLE GSZ2016
exceedance
A km | A% | Cr,10%°au. | Nc | A,km | A, % | Cr, 10°a.u.
Tracks/Roadbeds

68 | 2059 | 6.7 0.7 191 | 7858 [ 25.6 25

192 | 2707 | 81 0.9 305 | 14083 | 45.8 4.0

| 207 | 8773 | 285 2.7 305 | 19449 | 63.3 7.0

== .'-::‘.-'I_E;;ﬁdges (Seismically Designed and Conventionally Designed)

0% | 57 | 22.7 | 15.7 05 153 | 53.0 | 36.7 1.0

500~ =79 | 287 | 19.9 0.7 228 | 717 | 49.7 1.4

:’:;_ —— o 164 52.6 36.5 1.1 PASK 85.6 59.3 2.5

e Tunnels (Rock and Cut & Cover)

- 10% 6 42.1 57.4 1.3 18 65.0 88.5 2.0

5% 9 51.9 70.6 1.5 20 65.1 88.5 2.0

1% 19 65.1 88.5 2.0 23 66.6 90.6 3.2
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i8Sk for LakeBaikalvailroad system. -

railway elements,[km] in re “grid cells) ® V

- .y P
he ._‘ - -
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| | =y
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—H._.‘\
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1E+08

1 LE7

°E
USLE G5Z2016

Total risk (in a.u.) along longitude estimated for the Lake
Baikal railroad tracks, tunnels, and bridges
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Clopetiigtes

»~ | - - - . .
USTHORNENUSITE approach (a hougﬁTmlted by selsmlc data >

avalzolg) ezl ,)rov]d—*

.‘.

~ V

St + .
J'v- 2

A r.-\rl)()[]JC estlmatlon of the seismic hazard map in different
erms of gro nd shaking for a particular time interval and fixed
oro.u.)l) of exceedance level.

> rehmlnary estimation of seismic risk for various types of
T atla[ objects with point, linear, or planar shapes that can be

—
—

:__;,;, ~usefu| for decision-makers to gain a better understanding of
— “*EXpected losses.

- The USLE approach provides a practical and realistic evaluation of seismic
risks. It also reveals the tendency of underestimating the seismic effect at

exposures and overestimating it at regional and national scales.
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’aank you!

= ,,,.,_i:g US em;ohas1ze that our estimates of seismic hazard and risks for Lake Baikal Region are
,. sent"d here for academic purposes only highlighting the general problem-oriented approach
== based'nn USLE. Evidently, these estimates do not use more adequate though complicated
- procedures of convolutions of seismic hazard, objects of risks, and their vulnerability.
= The studies addressing realistic and practical kinds of seismic risks should bring together
seismologists and experts in earthquake engineering, social sciences, and economics.
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Nekrasova, A., Kossobokov, V. (2023) Seismic risk assessment for the infrastructure in the regions adjacent
to the Russian Federation Baikal-Amur Mainline based on the Unified Scaling Law for Earthquakes.
Natural Hazards 116: 1995-2010 https://doi.org/10.1007/s11069-022-05750-9 (SJR 2022 Q1)

Nekrasova A, V. K bokov, E. Podolskaia, Regional seismic risk t based on the
unified scaling law for earthquakes: the Lake Baikal railway system. Soil Dynamics and
Earthquake Engineering (SJR Q1) CtaTtbs Ha penicH3HPOBaHHH.

BbinoiiHeHa OLEHKA PUCKOB 110TEPH paboToCIOCOOHOCTH O0OBEKTOB MH(PACTPYKTYphl B
peruoHax, npuierarowmx k baiikano-Amypekoit 1 Tpanccndupckoit marucrpaisiM, u3-3a
ceCMUUIECKHX COOBITHI MaKCHMAIbHOM MaKpOCEHCMHYECKOH HHTEHCHBHOCTH, OJKHUIAEMOI B
teuenne 50 ner ¢ BepositHocTbio 10%, 5% n 1%. Mcnonb30BaHbl JaHHBIE O 3eMIJIETPSCEHUSIX,
coOpauubie B baitkansckom otaenenuu Poccuiickoit reousuueckoii cayxObi, KOTOpbIe
MO3BOJIAIOT JOCTATOYHO IIOJHO ONpEIeNuTh 3emierpsaceHus ¢ M = 2.5 u Goxee 3a nepuon
1994-2019 rr. ans nanexuoro paccuera koopduinientos A, B u C O6uero 3akona nonotus
Juist 3emiierpsicennii. Ha ocHose oueHok A, B u C cocraBiieHbl KapTbl MaKCHMMaJbHOI
MarHuTybl, oxugaemoii B reuchue 500, 1000 u 5000 sier ¢ yueroM MOAEIH aHU30TPOITHOIO
CeHCMUYECKOTO BO3IEUCTBUS HA OOBEKTHl MH()PACTPYKTYPHI perroHa. I10CTOpOeHB! KapThl
CefCMUYECKOI OTMACHOCTH B TPAMIIMOHHBIX TEPMHHAX MaKpoceicMUieckoil HHTEHCUBHOCTH
M CBSI3QHHOTO C HEK CEHCMHYECKOro pucka s 00bekTOB MH(pacTpykTypbl baiikasno-
Awmypckoit u TpaHccnOUpcKkoit MarucTpany.

BBINONTHEHO CpaBHEHHE MOTYICHHBIX OLCHOK CECMUYECKOTO PUCKA € CCHCMUTICCKUAM PHCKOM
no AanHbIM BeposTHOCTHBIX kapT ['C3-2016. OTnouienue MakCUManbHO HAKOMIEHHOTO
ywepba s BOCCTAHOBJICHHs! 00beKTOB MH(pacTpykTyphl npuieraoownx k baiikano-
Amypckoii 1 Tpanccubupcekoit MarucTpanaM, mo Momemi I'C3-2016 k MakCHMaTbHOMY
yuiep6y 1o Mozmeny Ha ocHoBe OOIero 3akoHa NOA00Ms I 3eMIETPACEHUH COCTABILIOT 3.3,
4.0n 2.8 nas kapr ¢ 10%, 5% n 1% BepoaTHOCTHIO NpeBbileHUs B 50 JIeT, COOTBETCTBEHHO.
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PernonaleHelit ceiicMuuccknit puck Julst KEJIC3HOJOPOKHOIO 1nojoTHa ¢ 10%, 5% u

1% BeposTHOCTBIO mpeBblmieHus B 50 jger mo momenu OOmero 3akoHa MOAOOUS s
3emneTpscenuii (BBepxy) u ['C3-2016 (BHu3y).




