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Abstract: Based on 186 co-seismic responses recorded by 2 sets of VP-type broadband tiltmeters in
Xuzhou and Changshu stations, statistical analyses of the characteristics of amplitude - magnitude
and attenuation relationship are conducted. The results show that (1) Compared with the Changshu
station, the fitting of NS and EW directions of the Xuzhou station is relatively stable, having better
seismic capacity; (2) According to the fitted amplitude - magnitude relationship in different tectonic
structures, the maximum amplitude exponentially rises and the goodness of fit increases with the in-
crease of epicentral distance. In addition, the characteristic parameters of the instrument were calculat-
ed based on the observed data, and the bedrock properties of the site were obtained through the core
test. (3) The stability of the instrument base pier has a certain influence on the co-seismic response.
The stability of the base pier is good, the observation data has a small annual drift, and the co-seismic
record is relatively stable. The sensitivity of the piers of different lithologies to the co-seismic records
is different, and the amplitude of the co-seismic response is inversely proportional to the elastic modu-
lus of the piers.
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Fig.2 Amplitude characteristics of the VP-type broadband tiltmeter in the Xuzhou station
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Fig.3 Amplitude characteristics of the VP-type broadband tiltmeter in the Changshu station
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Fig.4 Relationship between amplitude and magnitude
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Table 4 The mechanical parameters of rock samples

I
1 108.78 23.1
PP 2 105.82 15.3
3 92.18 24.7
4 108.03 17.3
5 346.54 80.8
WS 6 334.34 86.0
7 292.30 84.1
8 190.98 55.5

WA R RE SR 0 R 3R 190.98~346.54 MPa, -
P41 BBl T R 3R B 291.04 M Pa 3 PE B & 55.5~86
GPa, V5L 76.6 GPa.

IR 56 45 5 (3R 4) ] 1, B N 15 10 3 A3 1 i
PEAR & LU BB /1 2 S B AR N 5 A A
G =02 —  F S BRGNS AU
BREW =02 — MG NIKE, HBR B RS
SRR R WA G A, AR
TN ETNS N L | B R S iR S P e it a
TEMTF

5 & i

(1) VP B 5804 R = TR AR R RD R
BE N AL BE T 1 T BT 0 A 8 BB I ik B Y )RR
T AR, A e N [ DX 3 1 Ti) 52 0 725 D2 114 J5 R 91 WG s
{H B A — 0 R T o KR I 5 R ) & OE A
ORI B b 7R D o R

(2) A [) o A8 1 43 DX b 2 28 VP AR 53 A5 {5 AR A
PLA R IRIE — R R R, W 2 P R, e KRR
W (B 2 8 0 T = R 5 2 000 km, #0145 R
B =22 T R, i B 2 4 1 b 5 TR A bR I8 A% 9 S 1
NI RS AR R e R AR
PELIEERL G R P —E AR E T

(3) B & B NS (1] F1 EW [ [7] 52 0 57 H e K
I et R AE Y, LA S B R E TR — A 5 X B
LG T 22 RP 225 A K MG R BE R R UG
ZR B ERG ;W ASG M NS [ EW [q X 2 000
km DA PSR 0L G B 25 AR L HUR EW )
AT ER W/ HILESHMNEG, HAEMNICER
I — .

(4) KR 4l AR5 132 A7 15 B, PIAS 15 3 4 X gt
KM AT G RN G aEZTE LW AR
AR AGEL /N i W A M 5 3l O S 75 R R A e
EEA, WA G A FEERKER A BT
M AT DUE RN B R A R BN T S
P AL AR TE 2 T 40 1 BN AR T
R UE % T Hb i b RE a0 SR L AR N £ e R IR T R (B
RFHEAR

SR A 3k 9 [R] = e A AR SR
Fw WE S X Ml R U SR, R R R Y AL A I
12 0 7 b B 855 00 25 5 S, 45 4 (S0 %) O 8
3 3l 3 Hby 5 25 M JT 43 A ) 2 o 0 25 S v L 0 T A
Z4 (5% R DN 26 J0LAE A I B 98 TAE s IR AT R .

655



SE 3
(1) o 72 5 M 00 U0 ) A 0 B [ M) 52 < 4 7%

[2]

[3]

[4]

[6]

[7]

(8]

656

AL, 2008.

Monitoring and Forecasting Department of China Earth-
quake Administration. Ground deformation measure-
ment[ M ]. Beijing: Seismological Press, 2008. (in Chi-
nese)

AL AR & m AR, A A s b RE T | R 1 [ 7R B AR
W] M7 ,2006(1):131-137.

Niu A F, Ji P, Gao F W, et al. Co-seismic deforma-
tion waves caused by Indonesia earthquakes|[J]. Earth-
quake, 2006(1):131-137. (in Chinese)

T MER), SRR B N B T SR SRR ]
Wi S RIAT [T ], MR TR 244k, 2014, 36(3) : 628-633.
Fang Y X, Bian G F, Hui R Y. Preliminary analysis of
coseismic response of tiltmeters with high sampling rate
used at huzhou seismostation[ J]. China Earthquake En-
gineering Journal, 2014,36(3): 628-633. (in Chinese)
B AR = L AR L VP AL SR A T AR AL S
SQ-70 7 B 7K - 42 it AHSUL I 5 kL XF b 434 [T]. K b
£ 5 W Bk 5l J12%,2016,36(2) : 179-183.

Gao M Zh, Hao R, Gao L, et al. Comparative analysis
of data from VP broadband vertical pendulum and SQ-
70 type analog quartz horizontal pendulum tiltmeter in
Xuzhou seismological station [J]. Journal of Geodesy
and Geodynamics, 2016,36(2):179-183. (in Chinese)
ZENSC, MRIE A, XUy, & LT IR AR AU R e 0% A8 I 5
AL A T (D). 5% R B B R, 2018, 13(2) -
399-409.

Gong L W, Chen L J, Liu Q, et al. Study on attenua-
tion law of co-seismic deformation waves based on in-
struments[J]. Technology for Earthquake Disaster Pre-
vention, 2018,13(2):399-409. (in Chinese)

EML VPR Z, B A, A RS 2 RSO I £
e xF e[, M TR 24, 2019, 41(6) - 1536~
1544.

Yuan Q, Xu Y Zh, Lyu P J, et al. A comparative study
of the observation data form three kinds of ground tilt-
meter at Yichang station [J]. China Earthquake Engi-
neering Journal, 2019,41(6) :1536-1544. (in Chinese)
SR XA H, PHOG 48 I A M S A VS BLaE
RABURHMSON FE 47 [T, U1 b 7%, 2013(4) : 25-31.
Zhang L B, Liu Sh J, Yang G, et al. Comparison of
the observation data of the model VS tilt meters with
the vertical pendulum in both guzha and xiangchen seis-
mic station[J]. Earthquake Research in Sichuan, 2013
(4):25-31. (in Chinese)

BRORAE ™ 2%, XU, 55 LT ARG A WL £ 1) e B4

RS I) 7 i SO AR AT [ ] 3 52 b g 00 I 45 BF 5, 2016, 37
(3):96-101.
Zhong T R, Yan X, Liu J P, et al. Co-seismic re-
sponse characteristics of vertical pendulum tiltmeters in
Guangdong province [J]. Seismological and Geomag-
netic Observation and Research, 2016, 37(3) : 96-101.
(in Chinese)
A PR ORI A, 45 SRR 22 i B AR L 2% £ K
B ASCOW I BT e K [m) 72w R X 4 BT (7] b B AR
2019,35(2) :359-366.
Guo W, Chen L F, SuY M, et al. Comparison analy-
sis of observation quality and co-seismic response of wa-
ter tube tiltmeter in seismic stations on the north edge of
the ordos massif [J]. Earthquake Research in China,
2019,35(2):359-366. (in Chinese)
ZRIEWE , REE 2 e NI AR L SR RSO 4Z 8 1 =
JE F OO0 00 K50 49 R B 43 B [ ] 3t 5 3t e 0L 55 R Y
2016,37(3):1-6.
LiZh Y, Xiong D H, Liu G Ch, et al. The application
of large data mining techniques in earthquake precursory
network observation data tracking analysis [J]. Seismo-
logical and Geomagnetic Observation and Research,
2016,37(3) :1-6. (in Chinese)
EARR, A B Ak, A5 PH M X 5 gl £ 0 3
fEBF 5T [T]. B 7 vk R T2 27 4, 2019, 39(6) = 1005~
1009.
Wang H Zh, Zhou Y Ch, He B, et al. Study on site
characteristics of strong motion in Liyang city[J]. Jour-
nal of Disaster Prevention and Mitigation Engineering,
2019,39(6):1005-1009. (in Chinese)
a3, PR, AR A Tl AL AR 1 A 0 A L I AR G
PERFFELT]. 05 T AR %41, 2018,40(1) : 153-158.
He B, Tian T, Wang H Zh. Study on correlation of vol-
ume strain observation based on borehole features [J].
China Earthquake Engineering Journal, 2018, 40(1) :
153-158. (in Chinese)
ONTSERE WAL AT, BE SO L R Sl A BE e
(7] iR TS TR AR 3h , 2003,23(3) : 15-24.
Gong M Sh, Xie L I, Zhang W B. Attenuation of in-
put energy of strong ground motion[J]. Earthquake En-
gineering and Engineering Vibration, 2003, 23(3) : 15~
24. (in Chinese)
XA A2 E R, B, 5 BT A R HTIE & 00
WU B PE A O ik (D)L b B A2, 2017, 33 (1)
112-121.
LiuChG, LiZhY, LyuPJ, etal. The quality evalua-
tion method of the digital observation data form the
earthquake precursory observation networks [J]. Earth-
quake Research in China, 2017, 33 (1) : 112-121. (in
Chinese)

(AL %h:BE)



