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Development of TY-series high-precision volumetric strain gauge: Analysis and application of its

seismic reflection capability

Abstract: The article reviews the development of the volumetric borehole strain gauge. In response to the current
problems of insufficient stability and bandwidth and low calibration accuracy of the volumetric strain gauge, a TY-2B-type
small volumetric borehole strain gauge was developed with innovative improvements in the hydraulic sensor, control
circuit, and calibration method. The improved hydraulic sensor improves the accuracy and reduces the instrument’s
volume; the improved control circuit increases the sampling rate, bandwidth, and the instrument’s stability; the innovative
piezoelectric ceramic calibration technology raises the reliability of the monitoring data. The test results show that the
improved TY-2B volumetric strain gauge has a low power consumption of less than 3 W, good long-term stability, high
sensitivity with a resolution of 10" ¢, and suitable high-frequency and low-frequency. It has a sampling rate of 100 Hz and
can acquire complete seismic strain waveforms with precise and stable solid tide waveforms. It is small and light, with a
reduced outer diameter of ®89 mm for @100 mm drilling, a length of 1300 mm, and a weight of 45 kg for easy transport
and installation. After 15 years of laboratory and field station testing, it obtained good monitoring data and demonstrated its
highly sensitive seismic reflection capability. The observed response of the volumetric strain station in the northern section
of Longmen Mountain to the 2010 Yushu earthquake and the 2023 Turkey earthquake shows that the TY-series high-
precision volumetric strain gauge is not only a static strain gauge but also a broad-frequency strain seismograph with
dynamic-static calibration capability. It has a unique advantage over pendulum seismometers in that it can observe both the
long-term slow deformation and accumulation of deformation in the earth’s crust and the transient subtle features of crustal
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rupture and deformation. The long-term trends of the monitoring curves obtained from the Qingchuan —Hanzhong
volumetric strain stations since the Wenchuan earthquake and the Guangzhou station since 2021 are consistent with the
regional geological characteristics reflected by the seismic and tectonic geological data, indicating that the TY-2B
volumetric strain gauge can meet the needs of geological scientific research and geological hazard observation.

Keywords: broad-frequency strain seismograph; seismic refletion capability; borehole volumetric strain gauge; crustal
deformation; earthquake
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Fig. 1 Schematic diagram of volumetric borehole strain gauges
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o B B, B AR AR AN, AR B AR AR b R A
3.2 TY-2B B[ T34 + B H it 7E AU RR 7= A8
2023 42 1 6 HAE - H LA pg R k2 B s
48 K AEPIR R AR o 5 — 1K 7.8 B (B ZR)
MR R A AR S M () %2 R 4 B 17 43 (G BB (R 9 B
17 435 45 37.03°, AL 46 37.17°), 45 1k 7.5 H b 7=
KA AE 138 24 5y (A6 mU B E]) 18 B 24 4 5 R &
37.20°, dt 4 38.02°), fvi F 7.8 P b iZ b b 45 5 ) 4
100 km., 18 5% % AE 75 22 9 6 R0 3 Dt AP B 0 D 7Y
b P M, T AR 2N FE R 2 T AE W A L
M= KA R, B T T TS A 22 A A AR W
Pt DG R G vy ST O DA S 7 UL P S | R
24 5 i sk Y 52 Y R AR M 7R % (1] 10a.
10b), 0] DA B A9 3R 550 S I B 1T % A5 5, I T R E6R
51 P % BB (B 100) o DA M V0 T &5 3 o ), 15 0
Hiu 5% 51 R I 0L AR SR BB A A e K S AR R A 2%
1B 43 51K 150%107% 1 101x107°%, A1 25 1.48 1% . XTIt
1 e e B ST S W N R TR R o 4
Hi 7% U B (&1 10d, 2 Uh B E) Sk 46 AK€ 36 B E) 1S B
40 43 ), A LLFE S A N AR AR T e 5% B Y A I Y
Mo FRAE 540, 100 i B M AR {5 R, HE
25 12 /NBF, IR E 29 9 60x107°~80x107, A UL AH I

T2 SR WL I A7 S 11 4% G0 48 2t R A, AR 0 A8 S ) i
WA B B8, ASAURT LA sk AR SR I DO, 3 T
DA BT 2% 0 Vb B8 12 e 7 A 4 X Ml R ST v K R
WIS 5, G ) SR MR 2= B 5T

TY-2B {4 J A8 A3 2R G2 W 2 S =1x107"e
(2 1), BIA] 35 M7 20 BE 107'% HF 9% 9% 8 00 17 78 Hb 7%
W o FIH & B 7.8 G b 7R R A A R AR b 7R O v
T8l A R AR AR B 7R BE ) HEAT AR, 7.8 G b 7R
IO A5 Hby 52 30 7 A e KA R AR S 150%107%, AR 45 7%
PR 5 4 5% B i 1T B A 5 A U E = 104 x 10 MHE 5,
TY-2B %Y A& fi A8 A% B2 38 b 0] 40 BF 1 100km 3 [
1.0 2% Hbu 7% 7 A= 1 1o 728 b 72 % o
33 GETNAMEERBRATXESE R EN

H B 2

2019 4F = 2020 4F ] 4], 4R 46 5 H 57 i £ =)
TGRS X3 Bl W L A S e R
PEPEA (DD2019290) , 76T M i R b X 7 b vb 4, |
M FEX DB, A KERERT 34
A RN 708 Wy, W AR S R YD T T S i
FUEWr L. TN - AR 2 . 2021 4 DLk /& 2 B
PR TR E, 3 B U FE 2022 4 1 A SR



%3 38, F TY R ERG AR AR SR ) K e 52 RE 43 AT 5 335
2420 |
940 1 2400
2380 |
<920 Z 2360}
% <
@ 2340}
= 900 2 30|
o = 2320
2300 |
880 |
2280 |
2260 |
300 '

9:.46 12:33 15219 18:06 20;53
fis} 6] /hh:mm
(a) HltlLFI& 2023 42 A6 Bk A Mk

260 @{%ﬁ ) ) ) ) )
9:16 9:33 9:43 9:49 10:06 10:23 10:39 10:56
fi (8] /hh:mm

| Ir.l I'|"|]"I |'|I'.'|FII'-"""
Qb

1300 p LA e
9:16 9:33 9:43 9:49 10:06 10:23 10:39 10:56
fis 8] /hh:mm

(¢) 7.8 9 RN S5 it B

9:46 12:33 15:19 18:06 20:53
fisf (8] /hh:mm
(b) J7MYEE 2023 4E 2 H 6 HARRN ALk

. of EIEie
E« 0 L JI._
= Y il
X —62
-124 | ,
o 88 1 s
E wf
E ol .
B ol '
. 88 r EARS
£ wf
E o}
LS —44 L
00:00 06:00 12:00 18:00 24:00
5 [a]/hh:mm

(d) WL HHER B SIS 89 =2 RO

B 10 202342 H 6 B £ B 30 R b A& o bz KO 5 42 R E 1w b xt i
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