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Seismic Amplification Characteristics of Eastern Siberia

wb = 3" Ppark, Du-Hee Z 3 F  Kwak, Hyung-Joo
7+ A B Kang, Jae-Mo o] & ' Lee, Yong-Gook
Abstract

The thickness of permafrost in Eastern Siberia is from 200 to 500 meters. The seasonally frozen layer can vary from
0 to 4m depending on ground temperature and its location. The shear wave velocity varies from 80m/s in summer to
1500m/s in winter depending on soil type. When melted, large impedence will occur due to the difference between
the shear wave velocity of seasonally frozen soil and that of permafrost layer. Large displacement may occur at the
boundary of the melted and the frozen layer, and this phenomenon should be considered in a seismic design. In this
research, one-dimensional equivalent linear analyses were performed to investigate the effects of the seasonally frozen
layer on ground amplification characteristics. Soil profiles of Yakutsk and Chara in Eastern Siberia were selected from
geotechnical reports. 20 recorded ground motions were used to evaluate the effect of input motions. As the thickness
of seasonally frozen layer and the difference in the shear wave velocity increases, the amplification is shown to increase.
Peat, very soft organic soil widely distributed throughout Eastern Siberia, is shown to cause significant ground motion

amplification. It is therefore recommended to account for its influence on propagated motion.

2 x

FAHIRlol o] BESME G FEFO) T BEHOR 200~500mo]u], 7|20 ket AurEAo] WSk Ad

52 30] Aleie] el AN oF 0~4m7b) BAElo] SIck AR B ekt L §o| 5ol vk olgel
oF 80misol 4] A2H FAMEAE oF 1500mis7H) ZA WolRic oA AY BEZ sHe] 4T FES Aolo]
Akt S 2] uiol vj$- 2 QIujR} Hpska o2 QI3 A ZEE 4 glck B3], AN 2 Wit
MY 5 Qo YARA Al o]9] G Tejsiof Btk £ AL AW BRSO Tt Aush S sk
2 gago] A FEEA 2 ANAP] nIA GRS FH] gIste] 13 A ANRSEaIAS Sashich
FAHIRIoR] Yakutske} Chara X|jo]] Tt A ABIAE Hho = ANEAES AHskon] Qeixnte] GFL 53

191 5 2071e] ASAAE Agshe) A EEE0) A B8 S8l A Wssen, Ad
SRz o 53 Aolo] 26k 4 Aol B8 SEAE SR 202 velsich 53] FAMelol A0
G RSl Sl /1AEe) HEE FE0) & G AR AN oS WA Tejder & Aow BeErt

Keywords : Seasonally frozen layer, Pemafrost, Site response analysis, Eastern Siberia, Amplification factor

—

g3l g, stftsty P8 Fslel H-19 (Member, Associate Prof., Dept. of Civil and Environmental Engrg., Hanyang Univ., Tel: +82-2-2220-0322, Fax:
+82-2-2220-1945, dpark@hanyang.ac.kr, Corresponding author, 4142}

2 W3], stfufsty A8 3 stat A (Graduate Student, Dept. of Civil and Environmental Engrg., Hanyang Univ.)

3 3, s=raadr)edY AYATY (Member, Researcher, Korea Institute of Construction Technology)

4 W3¢, stoffsty 1873 stat A} (Graduate Student, Dept. of Civil and Environmental Engrg., Hanyang Univ.)

¢ 2] it B A8k 39 20159 48 3007 1 U2 SR BUFAY] ishth A%el AR B8 @ =RAel Adslel S,

Copyright © 2014 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

SAlHI2Ior X9 XN &= |4 67



AT FEE S o4 B9 AEHoR v LE}
0C o]}l X|Rke Lkrh(Davis, 2001). AW 2]o} %]

o §rEE m : B2 1350 el 0
©7} Z7h5He A% Uehi

. o] A< Zﬂé‘-% t0-15~0-3m—4 ek 9 AEA
HAZH 09~ 1.5me| 2 EAFOon FFAJE oIl
CHGavrilova, 1978). 9+ FEZF9| Fl= SAH| 2o}
Aol tjiEo] F 200mof A 500mo]t}. o] 2o
w2 HAE glon, YR Aeon A4 Fort
-3kt Ahonen, 2001).

SAMelo} x|efoliz te] X)7o] wAlslr. 1999
§ 29, slolgt T4 AR Aol M-59M6.1)2]
Zdxlo] dojdth ERF HiolZ T4 BgRR]| o)A
1999 3¥€of My=5.9M=6.1), M=5.9M=6.0)2] 7}2
o] YFAISI tH(Nevskiy et al., 2003). 122 A dE5E
A FFEEZF FAAE A4 AT A xlo] FxE
P etk Aol Fasith

Ui A AU 2 AN EE Tl TR 5
% EXLS A3t Vinson, 1978; Leblanc et al., 2004;
Wang et al., 2006; Qi et al., 2006; Meng et al., 2008).
el wheh WSk maFo] 4 BAL AgHe] 2
QEE vk, T} Ui o] AYEFEI} A

ol m] A= JeFS EA5IAtHWang et al., 2006; Qi
et al., 2006; Xu et al.,, 2011; Yang et al., 2011). o]&
AR AR FrEe) EAR <s) Aekgwol 7
aths FFS etk

H 7oA+ Sigma Spectra(Kottke et al., 2008)2
srgste] oA ATE Ao, Strata(Kottke et
al,, 2008)& ©|-&3ste] 12 F7HAFsAS =3y5}al
o BAelo} oS tpko g AdEES] Fad) W
815 o) AR FEZO| Soluh TS dohrm, |
s L AR sl e £ 0l 4
gosl] glstol, SRR ANALE Agstel 33
As 555]'93\3]'-

2. SE XHe| xjgt FHZ0 2

&
N
kA
|-O
-

E Ho A Ad2 Tz 249 Hsly} xR Lt
Aol mA= G Tst AE Ak ook &
Lol 71 & o]ge-L AXA o7 Wkl %)

Jizo] A7olch Qi et al.(2006)2 %= Zhanggye X

il

N rlo Jlm

(o))

8 g=AegtEstel==d HM30Z M10=

HAoflA AE FEZF AR S S0 nAl= FF=
%“5’5}"3‘3} Zhanggye A2 F=r FH5o| f1x|5t 7
dof| w2t F27 s vhEshs Ad SESS EA

S} 4 FESE EASHA| et wEbA o] Ao
A ALHo| AR Z=0] =A%} whel SHtElL xR =
5 S Saplsich 59 W 55 A5 o4~
2 ok ZAISHL, At 12molAut BAH2 o2
2 9j5to] omol A 6m7| 2-gaieir.

Yang et al.(2011)2 & 27} X Jof|A A-E FET}
ARGl nlAL ere skt A s
+= Goldstream Creek n % FX|(9x: 64.9119N, H&=:
147.8318W)oll Al Z4E e FAZ0] 2ol omolA]
40m7H) A 83IGiek. o] FAREOIN AT FEEo) 4
& Slm, 7]REFS] A= 66m7E A-8-E ek =,
TE A%Ql 51m shRo|= A|Hto] FAEA] o2 AFel
e¥3L b4 Elch A BE) ekl S 200~500ms
7t AgEYch SRS WFAR Aolo
& Agstel B YMEA v AT JEd 22
L b Ak A sk el thalA
25 V= 1500m/so|H transition & FZE 9] Au}
750m/sE 285k Tk
Xu et al.2011)2 TR 2 A7) XS JH5E
oMo AMESH SAS A8 oY AN FdE=
7] Aol Ao Vet BAIXS] O'Malley 1%
HZ(9%: 64.9119N, AE: 147.8318W)] Auke =7
7.5mo] AEY AHE, £/ 14me] W} BA| &, T2l
=748- Bootlegger Cove HAER FA =T °] ARk
<=7 Zhanggye AW} nR7IA| 2 EESS o
Z10] 10.5m7HA] Agde] $4%= Aoz A= SITh
FAEE= 1500m/s2 7PY5HE S Xu et al.(2011)1} vlzk
T2 FAEL] AFskiol transitionF-S -85 Tk

71E9] AFE AR A1}, A FEES AE FE
O] A= & 7Hde FR|of| webs] =LA Holsh= Ao
ZAE Q. o] defiivtebes SUA oA Afol 7t
AYsh= Ao= yepylth 217 39 4] diks &
Arwet U AR Agku 4o 27 A5 v A
2 zotetel s ANk FAkme] A o] B4
g ek AL vl Fasichn BekE.

AT

transition

HH ol

o X

r{r

3. SEXY S =dof et 7|E A+

BARAE B3 ANSHAAl 288 dun &



AFsteitt Table 10 &
Egke] Aoy} £=5
e =0 At} £ 25, o
H], FO| T, 12lal 558 5ol 23 Hsteiy
(Tsytovich et al., 1975; Vinson, 1978), &3] 2=+ 29|
7ol m)2)= 23k Q40]tiWu et al,, 1993). Wang
et al.(2006)<> Harbin clay, Lanzhou loess, Peking fine
sandol] T 2gu AHS ATt Fo w7t
0C ofslm ei7he, Sol o] HEA dg Tt
o] T7RITL U UAE A kol ofsh &9
7o) ZF7ketL, oo et Awt} sk F7kgch

i) ru[o
Mo

Z grHlE T = JEE 2R I<rHlE A= AR
3000

o

%2500 L .\'\I\i

= | A~ —

% 2000 -+ —-a

2 1500 |

2 .

; 1000 | —m—Sand g

g 500 —aA— Loess

] ---Clay

Q 0 1 L

=

22 20 -15 -10 5 0
Temperature (C)

Fig. 1. Shear wave velocities versus temperature for frozen soils
(Wang at al., 2006)

Table 1. The shear wave velocities for soils
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Fig. 2. Shear wave velocities versus temperature with different
water cotents (Meng at al., 2008)

Type Measurement Temperature (°C) Water content (%) Vs (m/s) Reference
Clay Ultrasonic measurement -10~-2 31 900~1270 Wang et al. (2006)
Clay Ultrasonic measurement -10~0 29 800~1000 King et al. (1982)
Clay Ultrasonic measurement -5 - 900~1260 Zimmerman et al. (1986)
1 176~1800
Silt with clay Resonance column test —17~11 KICT (2010)
8.3 184~1836
Silt with clay Ultrasonic measurement -5 - 1150~1400 Zimmerman et al. (1986)
Silt Ultrasonic measurement -10~—-4 18.86 1850~2050 Wang et al. (2006)
Silt Ultrasonic measurement -10~0 22 1200~ 1500 King et al. (1982)
10.98 400~1400
, , 14.70 500~ 1500
Silt (loess) Ultrasonic measurement -20~0 Meng et al. (1982)
17.68 900~1800
22.27 1000~1900
Silt Ultrasonic measurement -2.0~-1.5 - < 1900 Nakano and Froula (1973)
Silt Ultrasonic measurement -5 - 1500~1900 Zimmerman et al. (1986)
Gravel Down—hole test - - 380 Suzuki et al. (1992)
Peat Cyclic triaxial test 13 150~240 80~90 Boulanger et al. (1998)
Sand Ultrasonic measurement -18~-4 17.6 2375~2680 Wang et al. (2006)
19 150~2376
Sand Resonance column test -4~10 KICT (2010)
20.5 147~2339
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Table 2. The data of the monitoring sites at Chara area (Stanilovskaya et al., 2008)

) Zagryazkin—1

Site numper / #6 #38 Pecki—1 (kurum’s pit Ushelistiy—1 Belenkiy—1 Azarova—1

Characteristics

#5301)

Latitude and N56°36.329' N56°40.017 N56°50.33.33’ N56°40.567 N56°40.017 N56°45'39.63" | N56°54'23.33
longitude E118°25.591° E118°21.648" | E118°09'15.93" | E118°21.621 E118°21.648" | E118°11°24.53" | E117°34'41.64
Borehole 20 19 15.33 2.05 0.33 1.3 1
depth (m)

Elevation
(above sea 1712 1464 767 1155 1651 720 2036
level, m)
0.0~22 m:
Active layer
0.0-35 - ”I}arkuerut?lqozvlltsh 0.0~01m:
0.0~5.5m : | coarse debris 9 0.0~0.38 m : ) : '
. ) X (0.2~1.0 m) green moss
Geology coarse debris eluvium with 5080 m : dark—brown 01-02m :
(brief 55~20.0m : sand .mor'aine ' peat t.)rown. eat. 0.0~1.0m :
description quartzite 3.5~19.0 m : Sands : . 0.38~0.45 m : P . coarse debris
i deposits with ) 0.2~1.3m: )
of bedrock, sandstone of quartzite . peat; with sand
: ice . dark—brown
sediments) Early sandstone of .| 0.45m~ :ice )
. 8.0~20.0 m : clay snad with
Proterozoic Age Early i wedge :
. quartzite ice wedge
Proterozoic Age
sandstone of
Early
Proterozoic Age
Pperrer22:§§t Permafrost Permafrost No permafrost Permafrost Permafrost Permafrost Permafrost

A9l 2= Ao wet of -25~15Colm, A= 2mo]
A= Ao we} 0C ooz 53ttt J- SES
Aol Lr -12.0~0C o], AE 1200m7H7] BA L]
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Fig. 60li= Yakutske} Chara #|9]o] #|WHEAJol mak itk A4 sjaRlo] cha) 13- Ankskaja) =
ALt vy SRAA THL AAEHLE 52 AE 2739 Strata(Kottke et al., 2008)& AlE-3}0] 57141
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Table 3. Input motions (PGA 0.4 g)

Station Event Scale PGA (g) PGV (cm/s) Ds-g5
DUZCE 1060—N Duzce 5.9876 0.1695 65.9688 19.06
HECTOR HEC090 Hector mine 1.3427 0.4522 56.031 9.65

NORTHR 0141-360 Northridge 2.3217 0.3798 31.4391 11.87
NORTHR 5080—-360 Northridge 2.2891 0.4088 19.2594 8.715
NORTHR CHL360 Northridge 2.0632 0.4652 34.2068 9.09
NORTHR H12180 Northridge 2.4402 0.6275 21.6358 9.81
NORTHR HOWO060 Northridge 2.7219 0.3259 25.8973 1.7
NORTHR VAS090 Northridge 2.1862 0.304 24.1789 7.32
NORTHR WONO095 Northridge 2.887 0.3243 24.9912 8.75
SFERN 109291 San Fernando 3.169 0.4242 12.185 11.82
DUZCE 1060—-N Duzce 5.9876 0.1695 65.9688 19.06
Table 4. Input motions (PGA 0.6 g)

Station Event Scale PGA (g) PGV (cm/s) Ds-g5
DUZCE 1060—N Duzce 8.9814 0.2542 98.9532 19.06
HECTOR HEC090 Hector mine 2.0141 0.6783 84.0465 9.65

NORTHR 0141-360 Northridge 3.4825 0.5696 47.1586 11.87
NORTHR 5080—-360 Northridge 3.4337 0.6133 28.8891 8.715
NORTHR CHLO070 Northridge 3.0948 0.6979 51.3102 9.09
NORTHR H12180 Northridge 3.6604 0.9412 32.4536 9.81
NORTHR HOWO060 Northridge 4.0828 0.4888 38.8459 1.7
NORTHR VAS090 Northridge 3.2793 0.456 36.2683 7.32
NORTHR WON095 Northridge 4.3304 0.4864 37.4869 8.75
SFERN L09291 San Fernando 4.7535 0.6363 18.2775 11.82
DUZCE 1060—-N Duzce 8.9814 0.2542 98.9532 19.06
1 30
— - - Frozen Sand (Vinson et al. 1977)
5 25 | ——Frozen Silt (Qi et al. 2006)
5 08 1 I Silt (Qi et al. 2006)
O & 20 -+ = Rock (Schnabel, 1973)
.g 06 r £ Gravel (Seed et al. 1986)
E Eo 15 F— —Peat (Boulanger et al. 1998)
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Fig. 6. Dynamic curves for frozen and unfrozen soils
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Fig. 9. Response spectrum - (a) Yakutsk : Active layer (Silt), (b) Yakutsk :
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Table 5. The short-period amplification factor and the long-period amplification factor of Yakutsk and Chara
) Thickness of 049 06 g KBC (2009)
Site .
Active layer Fa Fy F. F, F. F,
0m 1.025 1.002 1.025 1.002 1.0 1.0
(a) Yakutsk 2m 1.056 1.005 1.065 1.006 1.0 1.0
4 m 1.627 1.045 1.881 1.062 1.2 1.6
0Om 1.025 1.002 1.026 1.002 1.0 1.0
(b) Yakutsk 2m 1.555 1.028 1.575 1.030 1.2 1.6
4 m 2.410 1.136 2.389 1.146 1.2 1.6
0Om 0.998 0.999 0.999 0.999
(c) Chara 1.0 1.0
2m 1.010 1.000 1.012 1.000
0Om 0.998 0.999 0.999 0.999
(d) Chara 1.0 1.0
2m 1.084 1.006 1.089 1.006
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