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Simplified calculation method for the fundamental
period of layered soil sites

LI Rui-shan, YUAN Xiao-ming

(Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics, China Earthquake
Administration, Harbin, Heilongjiang 150080, China)

Abstract: Based on the wave motion principle, the impedance ratio and sublayer period ratio were extracted as basic variables to
characterize the regularities of fundamental periods under different site conditions. The concept of sublayer contribution coefficient
was put forward, which can be definitely determined by the two basic variables selected. Thus, a general relationship among the
coefficient, impedance ratio and period ratio was established. A simple and practical method with clear physical significance was
proposed to estimate the predominant period of stratified sites by using the sublayer periodic weighted cumulative technique. Taking
the transfer function results as standard values, overall comparison of the proposed method with available simplified approaches was
carried out under 240 calculation conditions, and the deviation analysis and applicability evaluation of different methods were given
accordingly. Results show that the impedance ratio and sublayer period ratio were suitable as characteristic variables for site period
research. The traditional method with simple summation of sublayer periods cannot reflect the effect of soil layer structure on the site
period. Its relative deviation may reach more than 40% for the most common progressive hardening sites, and the deviations can
easily be great than 20% for situations with extreme soft interlayer. Hadjian’s method exhibits an obviously higher accuracy than the
classical method, while the method itself and its parameters lack clear physical meanings. The maximum relative deviations are
always less than 8% for the proposed method under general and extreme situations, and the case proportions with deviation less than
5% and 2% are above 85% and 60% respectively, significantly higher than those of Hadjian’s method. The results strongly reveal
that the new method fully meets the engineering accuracy requirements, and can be promoted in practical engineering.
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Fig.1 Horizontally layered soil site model
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Table 5 Site periods calculated by different methods

(unit: s)
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28 L A 1.4657 03130

®o6 AN SHEHBRENRE (BA: %)
Table 6 Relative deviations of site periods
from the exact solution (unit: %)
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PRI AR 3535 N T sk B AR S s ) mT AT
P, WU 2 MR AR — SR 0 T AN AT SR

7 4

5 50 77 24 2 J2 ) T SR IR A T 3
BT, JiESEH, BICEARI - Z R
Hadjian 755 502 F B 1 XUZ B8 JE 345 1)
Ty REIT AU, B bl i % A 2 AR R B
KRgath A E K, EHYEE UAE . &
CHTEE TR B A SO SO VAR T AR S
THEEERR S, BRARMNYEIE L, RAL
HERNR BN R Lok S, EZEAIF AR T

(1) BN I B EE AR 2, $REHT L o«
UL A M NRIEAR R 12 544 N izt A A4
AR FEAGSAE &, FHIERA 1 A 5% ) i 7 B
A5t

(2) T FERAMTTIR A BNES, ST
FYATTRR R ALy W H P E L2 AR BE T L o AT
Wit A ME—F e X —EELE, BV T PR
Bk 2By SRS o FIEHIEL A B — e & .

(3) JERL T — B A8 1 RUZE I A i A 5
J7 i, FEUAE 8 R EE T B4 ROPRUERT AR SO
fE 4550 Hadjian V23HT T X, 204 T & W07
T2 22 R

(4) FEEYMSR g it i, K%
HE D ZE AN 25 AN X R 3 (1) 34T R 22 37 e A K
P ZE IR B 40%, R AFE B i R J2 47 0 A 22
KT 20%.

(5) Sfhs R BuEbrtEE L, ACEEa
R TREREEZR, 0 — & BRI 15 o, ek
TRZEVIABIL 8%, ZE/NT 5% LHE S sk 2
85%LA L, IRz T 2% TS ELikF] 60%LA
k., WEET Hadjian faifbik, *Fsgbriziist bt
A2t

2 % X W

[1] SEED H B, ROMO M P, SUN 1J I, et al. The Mexico

earthquake of September 19, 1985—relationships
between soil conditions and earth-quake ground
motions[J]. Earthquake Spectra, 1988, 4(4): 687—729.

[2] HANKS T C, BRADY A G. The Loma Prieta earthquake,
ground motion, and damage in Oakland, Treasure Island,
and San Francisco[J]. Bulletin of the Seismological
Society of America, 1991, 81(5): 2019—2047.

[3] KIM B, HASHASH Y M A. Site response analysis using

downhole array recordings during the March 2011



8 #

FH A R AS A R A T S5 AT

3235

[10]

(1]

[12]

Tohoku-Oki earthquake and the effect of long-duration
ground motions[J]. 2013,
29(Suppl.1): 37—54.

25 L. A R R RN M T VAR AT[D]. MUK
5 MR R TR BT U, 2016.

LI Rui-shan. Research on a new generation technique for

Earthquake Spectra,

ground seismic response analysis[D]. Harbin: Institute of
Engineering Mechanics, China Earthquake Administration,
2016.

DIKMEN S U, TANIRCAN G. Site amplification and
resonance frequency in the urban environment[J]. Soil
Dynamics and Earthquake Engineering, 2018, 105:
160—170.

KWAK D Y, STEWART J P, MANDOKHAIL S J, et al.
Supplementing VS30 with H/V spectral ratios for
predicting site effects[J]. Bulletin of the Seismological
Society of America, 2017, 107(5): 2028 —2042.

ZHAO J X, XU H. A comparison of VS30 and site period
as site-effect parameters in response spectral ground-
equations[J]. Bulletin of the
Seismological Society of America, 2013, 103(1): 1 —18.
RREEE, YRR 0B L ERREIE D). R TRES
TFEIRE, 1986, 6(4): 21—35.

XIONG Jian-guo, XU Yi-yan. Analysis of the behavior of

motion prediction

natural vibration of layered soil deposits[J]. Chinese
Journal of Earthquake Engineering and Engineering
Vibration, 1986, 6(4): 21 —35.

XL, EREA, i, 5 KPR B IR
B D)5 S RIEWE AL ], A 71%, 2009, 30(8): 2489
—2494, 2500.

DENG Ya-hong, XIA Tang-dai, PENG Jian-bing, et al.
Research on shear particle system method of natural
frequency of horizontal layered soils[J]. Rock and Soil
Mechanics, 2009, 30(8): 2489—2494, 2500.
YAMAZAKI F, ANSARY M A. Horizontal-to-vertical
spectrum ratio of earthquake ground motion for site
characterization[J]. and

Structural Dynamics, 1997, 26(7): 671 —689.
ZHAO J X, IRIKURA K, ZHANG ], et al. An empirical

Earthquake Engineering

site-classification method for strong-motion stations in
Japan using H/V response spectral ratio[J]. Bulletin of
the Seismological Society of America, 2006, 96(3): 914
—925.

WEN R Z, REN Y F, SHI D C. Improved HVSR site
classification method for free-field strong motion stations

validated with Wenchuan aftershock recordings[J].

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Earthquake Engineering and Engineering Vibration,
2011, 10(3): 325—337.

MOTAZEDIAN D, HUNTER J A, PUGIN A, et al.
Development of a Vszo (NEHRP) map for the city of
Ottawa, Ontario, Canada[J]. Canadian Geotechnical
Journal, 2011, 48(3): 458 —472.

ZEiill, et RBEFH. HURMTESEET )M
FEERMET T[], R TS TR, 2018, 38(3):
30—36.

LI Rui-shan, YUAN Xiao-ming, WU Xiao-yang. Study
on the applicability of simplified equivalent shear wave
velocity calculation method in seismic design code[J].
Chinese Journal of Earthquake Engineering and
Engineering Dynamics, 2018, 38(3): 30—36.

DOBRY R, OWEIS I, URZUA A. Simplified procedures
for estimating the fundamental period of a soil profile[J].
Bulletin of the Seismological Society of America, 1976,
66(4): 1293 —1321.

HADIJIAN A H. Fundamental period and mode shape of
layered soil profiles[J]. Soil Dynamics and Earthquake
Engineering, 2002, 22(9—12): 885—891.

FEOCHE, WL, XUZDN. 7K Rl R AR R 4
HAR[I]. AL TR, 2013, 35(4): 779—784.

QI  Wen-hao, BO Jing-shan, LIU Hong-shuai.
Fundamental period formula for horizontal layered soil
profiles[J].  Chinese Journal of Geotechnical
Engineering, 2013, 35(4): 779—784.

BHRME. TRESE AR FIRM]. 2 i Jbat Rl ik
#t, 2002: 51.

LIAO Zhen-peng. Introduction to wave motion theories
for engineering[M]. 2nd ed. Beijing: Science Press, 2002:
S1.

B MR TRESEMI 2 BR. bt HhRE R,
2006: 145.

HU Yu-xian. Earthquake engineering[M]. 2nd ed. Beijing:
Seismological Press, 2006: 145.

GIBBS J F, FUMAL T E, BOORE D M, et al. Seismic
velocities and geologic logs from borehole measurements
at seven strong-motion stations that recorded the Loma
Prieta earthquake[R]//U.S. Geological Survey Open-File
Report. [S. L]: [s. n.], 1993.

i [ 2 HURHEIE 7R GB 50011—2010 @STHURE T
PFE[S]. dbat: ST H R, 2010.

China Academy of Building Research. GB 50011 —2010
Code for seismic design of buildings[S]. Beijing: China
Architecture & Building Press, 2010.





