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Fig.1 Seismic structure map of Yuncheng Basin
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Fig.2 Isopach map of Cenozoic strata in Yuncheng Basin (according to Shanxi Geological Bureau)
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Fig. 3 Profile of strata thickness since Cenozoic in Yuncheng Basin
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Table 1 Data rectification table of some boreholes in Yuncheng Basin
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Table 2 Sedimentary thickness and sedimentation rate of

Cenozoic strata in Yuncheng Basin
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Fig. 4 Geological profile of Yuncheng Basin-Xia County Plateau and Sanmenxia plateau and correlation of boreholes
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Preliminary Study on Kinematic Characteristics of Related Blocks in Yuncheng Basin

GUO Chunshan"?, LI Wengiao’, YAN Xiaobing®

(1, China Coal Technology & Engineering Xi’an Research Institute (Group) Co, Ltd, Xi’an, Shanxi 710077, China; 2, Institute of Earthquake
Forecasting, CEA, Beijing 100036, China; 3. Shanxi Earthquake Agency, Taiyuan, Shanxi 030021, China)

Abstract; Yuncheng Basin is a typical development area of normal faults and fault basins. Under the control of faults, major uplift
blocks such as Zhongtiaoshan block, Emeitai block and Mingtiaogang block are developed in northeast direction. Based on the com-
parative analysis of a large number of boreholes (profiles) and paleomagnetic data on the relevant blocks in the basin, combined with
the relevant fault activity rate, the evolution process and movement mode of the main tectonic units in the study area are discussed.
The following conclusions are obtained: Zhongtiaoshan block, Emei block and Mingtiaogang block all have clockwise tilting deforma-
tion; The Emitai block and Mingtiaogang block are uplifted in the direction of NE to SW. In the late Pliocene, the average tilt of the
north and south sides of Zhongtiao Mountain is more than 100 m, and the tilt Angle is not large. The activity amount and activity
rate of boundary faults controlling the block are positively correlated with the uplift of the block. The structural model image of
Yuncheng Basin is preliminarily discussed and established.

Key words: Yuncheng Basin; block; lifting mode; tectonic model
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Table 1 Statistical table of natural earthquakes in
mining areas from 2017 to 2022

2 REMFTE i w | em (Wi, |
2.1 JHIRE E-A-B T w48 ® ¢y | (km) ’
: ' . ) 2022-12-25T11,27,09 |39.79 [111.34| 10 |1.7 | pys2 b ek /R I
LA B — AP B PR AR A0 4R A T 3 (R 2021-12-14T15,32,35 |39.76 |111.28| 3 | 2.8 | Fa%evh e /R
B2, TREFMAESBEDERRMWER, R E 2021-12-06T15:48:43 |39.76 |111.27| 1 |3.0 | P92E i M 2k M
SREKEIHERT . B — SR ESaE S 2019-6-21T12:26,51 [39.75[111.27| 4 |2.5 |92 sk Rig
F£2 20172022 £ RMBBEWSIT X
Table 2 Statistical table of throwing blasting in mining area from 2017 to 2022
L G ) GEG | WEGm M. S T I0
F-H-H TH 48
2022-11-30T15,53,14 39. 755 111. 288 0 2.8 TR B2 i M JR I 1480
2022-11-23T15:27,:23 39,735 111. 342 0 2.9 A 52 Y A AR T 1475
2022-10-08 T15:36 57 39.756 111. 224 0 2.9 P B T G AR 1275
2022-09-30T16,25.16 39.777 111. 297 0 3.0 TR B2 i M JR I 1120
2022-09-04T17,55,05 39,751 111. 281 0 2.9 PAI 52 Y A AR T 1608
2022-08-11T15:57 41 39,750 111. 285 0 3.0 A 52 Y A AR T 1450
2022-07-06 T15,53:17 39.734 111. 295 0 2.9 TR B2 i M JR I 1256
2022-06-28T15,11,28 39.746 111. 264 0 3.0 P B T G AR 1121
2022-05-27T15:38,02 39,762 111. 276 0 3.1 PAI 52 Y A AR T 1339
2022-05-20T16 02,01 39.763 111. 286 0 3.2 A 52 Y A AR T 1293
2022-04-15T15,32,26 39.752 111. 277 0 2.9 TR B2 i M JR I 1105
2022-04-08 T15 ;43,07 39. 747 111. 287 0 3.1 TR B2 i M JR I 1120
2022-03-02T15:37:58 39,757 111. 276 0 3.0 A 52 Y A AR T 1339
2022-02-23T15:49,30 39,748 111. 242 0 3.0 A 52 Y A AR T 1345
2022-01-20T15,16 .56 39. 759 111. 287 0 3.0 TR B2 i M JR I 1105
2022-01-13T15:31,06 39,722 111. 353 0 3.1 PAI 52 Y A AR T 1167
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2021-11-09T16:00:51 39. 761 111. 270 0 2.9 P 2 T 1A JR TR 1105
2021-11-01T15:30:53 39.756 111. 256 0 3.1 5 HEAR IR 1167
2021-09-24T16.09:55 39,765 111. 287 0 3.0 B2 TS IR 1 200
2021-09-17T17:25 47 39, 765 111, 247 0 2.9 P4 32 15 1 R 1531
2021-08-11T15:56:34 39.739 111. 248 0 3.0 5 HEAR IR 1 285
2021-08-04T16:41:50 39.755 111. 262 0 3.1 5 HEAR IR 1329
2021-07-05T16.:41:10 39,733 111. 231 0 2.9 B2 TS IR 1 256
2021-06-28T16.:20:56 39,757 111. 29 0 2.9 B2 TS IR 2 154
2021-05-17T15,:28;07 39.746 111.273 0 3.1 5 HEAR IR 1228
2021-04-16T15:22:37 39. 744 111, 271 0 2.9 P 2 T 1A JR TR 1398
2021-04-09T15.20:56 39,729 111. 300 0 3.2 B2 TS IR 1 816
2021-03-12T15:32:51 39. 733 111. 279 0 3.1 P 2 T 1A JR TR 1384
2021-03-05T15:43:48 39.744 111. 264 0 3.1 5 HEAR IR 1 383
2021-02-01T15.10:45 39,753 111. 275 0 2.9 B2 TS IR 1985
2021-01-25T15.24,22 39,752 111. 264 0 3.0 B2 TS IR 1476
2020-12-25T15.13:17 39.744 111. 269 0 3.0 5 HEAR IR 1 380
2020-12-19T15:32;:16 39.742 111. 259 0 3.0 5 HEAR IR 1472
2020-11-16T15.39:52 39,736 111. 327 0 2.9 B2 TS IR 1 300
2020-11-09T17.15:19 39,725 111. 27 0 3.0 B2 TS IR 1748
2020-10-09T16,22,37 39.752 111. 268 0 2.7 5 HEAR IR 1276
2020-09-30T16:02;22 39.752 111. 254 0 3.0 5 HEAR IR 1322
2020-08-28T15.57:15 39,742 111. 229 0 2.5 B2 TS IR 921
2020-08-20T16.:02:16 39,742 111. 264 0 2.8 B2 TS IR 1 560
2020-07-17T13:54:35 39.719 111. 300 0 2.6 5 HEAR IR 774
2020-07-09T15.42,06 39, 747 111. 285 0 2.9 B2 TS IR 1138
2020-05-29T16.19:39 39,752 111. 264 0 2.8 B2 TS IR 1513
2020-04-19T15:28:50 39.718 111. 300 0 2.5 5 HEAR IR 1053
2020-03-12T16:49:56 39.756 111. 256 0 2.5 5 HEAR IR 975
2020-02-28T17:52:06 39,746 111. 270 0 2.6 B2 TS IR 1 447
2020-01-20T16.07:11 39,753 111. 253 0 2.7 B2 TS IR 1219
2020-01-07T17:01:25 39.746 111. 245 0 3.0 5 HEAR IR 1065
2019-11-16T16:18:28 39.722 111. 311 0 3.0 5 HEAR IR 1741
2018-11-28T16.21.34 39,725 111. 234 0 3.1 B2 TS IR 1915
2018-08-10T15.43,09 39,744 111, 242 0 2.9 B2 TS IR 1 255
2018-07-30T16:37:07 39.748 111. 249 0 2.8 5 HEAR IR 1135
2018-06-15T18:19:36 39.752 111. 266 0 2.8 5 HEAR IR 700
2018-04-25T16.44,27 39,756 111. 238 0 2.8 B2 TS IR 1 287
2018-04-17T16;:15;48 39.748 111. 251 0 2.8 5 HEAR IR 1093
2018-03-08T16:25:49 39. 752 111. 249 0 2.9 P 2 T 1A JR TR 1290
2018-02-25T16.:29.57 39,754 111. 259 0 2.9 B2 TS IR 1 251
2018-01-20T16.:49,57 39,755 111. 286 0 2.8 B2 TS IR 1 250
2018-01-12T16:27:07 39. 747 111, 228 0 2.9 P 2 T 1A JR TR 1066
2017-12-11T16:12;50 39.758 111. 266 0 2.5 5 HEAR IR 1122
2017-11-24T16.08:47 39,758 111, 242 0 2.7 B2 TS IR 1413
2017-10-19T16.58:34 39,761 111, 242 0 2.7 B2 TS IR 1 066
2017-09-15T16:18:54 39. 779 111. 319 0 2.7 P 2 T 1A JR TR 1191
2017-09-06T16:05;01 39.754 111. 229 0 2.8 5 HEAR IR 1155
2017-06-29T16.19:08 39,762 111. 267 0 2.7 B2 TS IR 1184
2017-06-22T15.18:14 39,764 111. 255 0 2.7 B2 TS IR 1124
2017-06-04T15:47;05 39.752 111. 247 0 2.9 5 HEAR IR 1836
2017-05-26T16.:33:48 39,732 111. 263 0 2.8 B2 TS IR 1418
2017-02-23T17.17:15 39.763 111. 283 0 2.7 B2 TS IR 1 469
2017-02-14T9:33:15 39. 757 111, 237 0 2.8 P 2 T 1A JR TR 1431
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Fig. 3 Quantitative relationship between co-seismic response
delay time and epicentral distance of VP vertical pendulum
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Analysis of Observation Quality and Co-seismic Response of Tengchong Vertical
Pendulum Inclinometer

FAN Shaohui, ZHANG ShanYuan., XIONG JiaWei, ZHOU Kepeng
(Yunnan Earthquake Agency, Kunming, Yunnan 650051, China)

Abstract: Taking the observation data of VP vertical pendulum tiltmeter at Laoyanghe Observation Station in Tengchong during
2021—2022 as the research object, the data quality and coseismic response information of the observation data were sorted out and
analyzed. 20 typical earthquakes with MsZ=5., 0 at home and abroad were taken as examples. The continuous rate, integrity rate, rel-
ative noise level M1 of VP vertical pendulum tilter, the mean square error of M2 wave tidal factor ¥ value and coseismic response
characteristics calculated by VenediKov harmonic analysis method, the relationship between response time and epicenter distance, the
relationship between maximum response amplitude and epicenter distance, and the relationship between maximum amplitude and
magnitude were studied. The results show that the Tengchong LaoYanghe VP inclinometer has high accuracy and good reliability.
The delay time of coseismic response is related to the epicenter distance, the maximum amplitude is proportional to the magnitude
and inversely proportional to the epicenter distance, and the duration of coseismic response is related to the magnitude and the epicen-
ter distance,

Key words: vertical pendulum inclinometer; observation quality; coseismic response

(#5615 7D
[10] Draper N R,Smith H. Applied Regression Analysis[ M ]. The American Statistician,1996,50(1) :1-6.
New York:John Wiley & Sons,1998,100-125, [12] Madansky A. The fitting of straight lines when both var-
[11] Carroll R I. Ruppert D. The use and misuse of orthogo- iables are subject to error[ J]. ] Amer Statist Assoc,1959
nal regression in linear errors-in-variables models[]]. (54):173-205,

Research on the Correspondence between Throwing Blasting Equivalent and
Earthquake Magnitude, as well as Waveform Characteristics
——Taking the Heidaigou Open-pit Coal Mine as an Example

GUO Wei, LIU Fang, FAN Lingling

(Earthquake Agency of Inner Mongolia Autonomous Region, Hohhot, Inner Mongolia 010010, China)

Abstract: To further prevent and resolve the significant risks potentially caused by mine-induced seismic events, it is necessary to
conduct research on the corresponding relationship between earthquake magnitude and blasting equivalent, and continuously improve
the ability to predict and prevent mining earthquakes. In this paper, the orthogonal regression method is adopted. Based on the 69
blasting events recorded by the Inner Mongolia seismic network and 108 stations in neighboring provinces during 2017 — 2022, the
empirical relationship between seismic magnitude and blasting equivalent is calculated as My =0, 706 3lgY+0. 688, so that the mag-
nitude can be estimated by controlling the blasting equivalent. his approach helps avoid potential casualties and economic losses from
production halts for safety inspections, supporting controlled blast vibration for safe, continuous mining operations and promoting
social safety in production. Additionally, by comparing the waveform characteristics of natural and blast-induced seismic events at
the Heidaigou open-pit coal mine, distinguishing criteria for natural earthquakes and blasts were summarized, providing a scientific
reference for better identification of natural and blast events.

Key words: earthquake magnitude estimation; Heidaigou open-pit coal mine; throwing blasting; blasting equivalent
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Table 2 Typical disturbance characteristics and magnitude of
atmospheric precipitation on borehole deformation (partial data)

I |BERIRE| NS | EW[R | NEf | NW T
#-H-B | (mm) | BiAF R | AR | NFR | MR
2022-04-28| 10.52 | —1 098 | —1 000 | —525 | 361 1h
2022-05-09 | 11.54 | —756 | —1510| —725 | 590 |1 h 20 min
2022-06-09| 13.59 | —1039| —764 | —248 | 433 |1 h 30 min
2022-07-19| 35.40 | —1 067 | —1443| —830 | 508 |1 h10 min
2022-07-22| 21.84 | —1285| —1697 | —1086| 984 |1 h 40 min
2023-04-22| 24.56 | —980 | —940 | —261 | 200 |1 h 20 min
2023-04-23 | 7.66 | —541 | —595 | —533 | 348 1h
2023-05-21|19.27 | —921 |—1281| —549 | 303 |1 h10 min
2023-05-31| 10.50 | —603 | —753 | —475 | 304 1h
2023-07-29| 27.93 | —906 | —1864| —535 | 765 |1 h 30 min

HT 82 WHEW F 1, 15 o B J M IUE 222 1R
B S R AR AR RS R E LR 3. E

®3 RINANSERERESHEAKEHXENR
Table 3 Correlation coefficient between four component
deformation amplitude and precipitation in Lingchuan

oy NS4+ & EW & NE 4+ & NW &
20224F | —0.662% % | —0.643% % | —0.692% % | —0.482% »
20234 | —0.670% % | —0.651% % | —0.681% % | —0.792% =
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Fig. 4 Scatter diagram of the four component deformation amplitude data and precipitation
*4 HEALCZMSEMETE
Table 4 Model summary and parameter estimates
E 4 ) I R2 F Sig HH al a2 a3
NS 4y & 0.509 15.519 0. 000 51. 110 —49. 307 0. 385 0. 005
2022 EW 4 & 0.510 15. 629 0. 000 7.533 —3.077 —4, 683 0. 089
NE 4 & 0.534 17. 222 0. 000 22,719 —19. 870 —0.506 0.014
NW 4+ & 0.313 6. 843 0. 000 30. 541 —39, 302 6.268 —0.107
NS 4y & 0.706 23.167 0. 000 154. 962 —59. 435 1.314 —0.008
2023 EW 4 & 0. 675 20. 046 0. 000 227. 092 —83.107 1.746 —0.010
NE 4+ & 0.661 18. 831 0. 000 72.336 —32.036 0.760 —0.005
NW /& 0.714 24,103 0. 000 —62, 597 24. 060 —0.400 0. 002
NS 4y & 0. 552 32.071 0. 000 112. 724 —62.281 1. 252 —0.007
20222023 EW 4 & 0. 482 24. 210 0. 000 191. 391 —90. 100 1.584 —0.008
NE 4+ & 0.532 29,596 0. 000 68. 221 —36.998 0.712 —0. 004
NW 40 & 0.236 8.035 0. 000 —120. 949 49, 088 —0.556 0. 002

*5 BIAGHSEENRELEREEHRWERABNAGER

Table 5 Regression fitting results of variation amplitude and

HiFE 5 TR Y, B2 I 6 PO 23 B 2 3 K L
HEURR, K 00 3 o R 8 A LT JLASFRAE
(L) [ {458 1 Wy 28 38 4 5 I T 4 5 1 it I

rainfall of the four components of Lingchuan
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NE 408 | Y=22. 719—19. 870X —0. 506 X2 +0. 014X | 0. 534 2SR R , B — e RS
NW 45 | Y=30. 541—39. 302X +6. 268X2—0. 107X | 0. 313 (2) BEAREEEWIEE S KIMEKBER L, K
NS 438 [Y=154. 962—59. 435X+ 1. 314X2—0. 008X? | 0. 706 MEBRARTIEEHR L, BRERT5EEESE —F
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2022, [EW 438 [Y=191. 301 90. 100X+ 1. 584X% —0. 008X? | 0. 482 BR ALV B IEEE B/
2023 |NE 4% | Y=68. 221— 36. 998X+0. 712X% —0. 004X° | 0. 532
NW 455 [Y=—120. 949149, 088X—0. 556 X% +0. 002X?] 0. 236
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Fig. 5 Borehole Strain Observation Curve at Lingshuan Terrace, July 4—7, 2022
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Quantitative Analysis of Borehole Strain Rainfall Disturbance Characteristics
at Lingchuan Station, Shanxi

WEI Kaiyan''?> , CHEN Hui"?, LI Ying"?, LI Huiling>* , CHEN Yonggian'?

(1. Shanxi Earthquake Agency, Taiyuan, Shanxi 030021, China; 2, National Continental Rift Valley Dynamics Observatory of Taiyuan, Taiyuan,
Shanxi 030025, China; 3. Yuncheng Earthquake Monitoring Center Station of Shanxi Earthquake Agency, Xia County, Shanxi 044400, China)

Abstract: To determine earthquake precursor anomalies in a timely and effective manner and improve the role of four-component
borehole strain observation data in earthquake short-term tracking, the borehole strain data at Lingchuan station was used as the ba-
sis to systematically analyze the data and extract rainfall events, and the observed deformation value and deformation amplitude were
used for correlation analysis with rainfall respectively. The results with high correlation coefficient were selected to establish a re-
gression model to quantitatively analyze the influence of rainfall on the observed data. The results show that the correlation coeffi-
cient between the deformation amplitude and rainfall is higher, and the highest degree of fitting is a cubic function of one yuan. When
the precipitation of the four components of Lingchuan is about 10 mm or more, the dependent variable changes correspondingly, and
when the cumulative value of rainfall is about 40 mm, the observed value tends to be stable and no longer affected. The research re-
sults accumulate experience for the quantitative analysis of rainfall interference.

Key words: rainfall disturbance; anomaly recognition; borehole strain; quantitative analysis
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Table 1 Results of modal analysis

] wm/s | UX Uy | XTREEE YT R
Fe EZ258%8 | BEZ5ERH
1 | 1.853 | 0.861 | 0.027 0.861 0.027
2 | 1.724 | 0.033 | 0.814 0. 849 0.841
3 | 1.195 | 0.068 | 0.068 0.917 0. 909
4 | 1.190 | 0.006 | 0.036 0.923 0. 945
5 | 0.561 | 0.008 | 0.005 0.931 0. 950
6 | 0.542 | 0.016 | 0.014 0. 947 0. 964
7 | 0.524 | 0.003 | 0.004 0. 950 0. 968
8 | 0.436 0 0. 950 0. 968
9 | 0.411 0 0. 950 0. 968
10 | 0.356 0 0. 950 0. 968
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Table 2 Site characteristics of wooden tower
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Fig.1 Acceleration time history of three seismic waves
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Table 3 Maximum acceleration time history curve /cm. s™2
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Table 4 Comparison of base shear forces

A AR A3 BT R4S R (KND
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Y 7524.6 6 726.3 77964 7149.5

(D ER .

o 8 I 2 Y 0 38 B IE R R B O 150 Cem/s7)
X AR AT GEAT TR R R Bl g i R A L 4R )= AL RS
GrAT AL 2 BTN o AR B SS R AL d R ML BRAE T
Wt 5 45 0 2 0 v S R Bl 2 AR R SR B 4 i |
TR JE T AR O B . B AR S LR R A A [ 3
FEWCT S LA AR Wi I A8 A AL AR AL He b RGB i 51k
(18 235 Ay W) IO 5 K
1007 e ELBE YRR GRS

——DLTH-YHEE (R
——RGBIE-YHEENFE

80

20

FRMER TAREENEEMLE

Fig. 2 Floor displacement of wooden tower structure under different seismic waves

(2) RIBEZERZ RN A .

& 3 Al 7E 2B MR T ARE 4 FE 2R
()52 % £ & A A% L 43 B e R R AT BE Ry K 35 25 4 1 3
0 A N o N = ol 3 Y =3 T R VA 2 £ e "

0.005 51 —=—EL¥;-X i BRI H

| ——DLT¥-X Z RN A
0.004 5L ——RGBEE-XFZHIGLH f

§ 0.003 5
& L

=
e 0.0025F
i

0.001 5

0.000 5 - - , ;

3
Fig. 3

FORTRE N B2 VR AR A5 00 . e L B KR (] AL

B X 10 055 Y 1 a2 X B AR A

Il MR AR T S A5 2544 2 18] 2 B i 22 AL LA — 2

0.005r . gLy v RS

* DLTH-YMHZERNEEMA ‘
| + RGBE-YHERNMBMA » '

-y

(13

BE

AEME R TAREENE B R

Inter-story displacement Angle of the wooden tower structure under different seismic waves




+ 36 ¢ W 7o &

2024 4FE5 4

3 KRESHREEREDN

3.1 KRB LMEE KX

ARIE SR — J2 5055 O W JRE B R R 5 A Bl A
BIGK, B XHER T, KRR R EE—RRT.
N 1 54 A S 4 1 o R P 08 TR JB B B R B S
BB T (LRB) #EAT A5 B, T 8 i 0 5 W JE 2 0

R360  R300

& —LRBYL IS 3 8

4 ZHREXEREFE

© — LRSI

B X S EHEAT X AR R T . R RS AR ERE A,
B 16 NRRE R, RIE TR, 5 R R S K
T 5 FRAE R 12 MPa, R4 b SCRT s BRI B R R
71, BB R X B R LRB 25 300 1 400, it =R
FbEEZEABE T LA 4, B8 BRI E,
N =R G AR T BT I ) TR R A AT, SR KT
JE 8 M PR, B i R R 2 & L.

P g ;

5 'l Rﬂ) RQO
{ e S—
‘R300 iF Y

p
o WNWBADO,"W;W o YRA00 L
7 i i 7
1 s

S WBAQQL L L @R400 .

R@ﬁ%o

™y R300

p R300

Fig.4 Layout schemes of three isolation supports

3.2 REWMELMBESH
Xt =FAE R R SRR ST, BB
i 10 BT 3 (LR 5) .

Table 5 Results of modal analysis of isolation structure

Ik P HER=
KEFES | ABG | #EFES | Al | BRFS | G
1 3.861 1 3.934 1 3.904
2 3.231 2 3.346 2 3.348
3 3.047 3 3.158 3 3.097
4 1. 654 4 1.824 4 1.749
5 0.863 5 0. 946 5 0.912
6 0.725 6 0. 741 6 0.732
7 0.519 7 0.516 7 0.526
8 0. 412 8 0. 469 8 0.419
9 0.347 9 0.416 9 0.368
10 0.329 10 0.358 10 0. 341

TEAi B = 3T 5 » = i B A= 45 4 JA R A B R
TP I » S5 3l ) 3 98 3 B SRR e
HREW -8, WRNAEE, 5 ARE S 524 Hin Rl
BE SR A M B AR LRk .

3.3 ARG ELMHE S B

RS 2.1 THEREA R, K INEERE R
310 Cem/s) HATHIA AT RIE MBS WA KRB
T H B

(D RBEEAKFBGH.

TERBERAT R bR = 3B B R ALRE N B i
FXEA R ER 0. 55 MR IRIERE 3 fFMH/MES .
Ve 7 45 4 57 JBE A B B /LS 08 LRB300, | K AL 7%
FRAE R 165 mm, i3 A BRIT /B 34, IR IR B[R =
S TE R IE AT IR R R B KoK V- % 2% 158 mm,
MRER . FERZBEAT, MR ER RSB, # 2
MICRRME, TR T /e84 .

(2) ARIBS5HJZ 8 BY J1 %5 4347

REMA T ARG 5 F M ZE 451 2 R 55
YA 5.6.7 Fin. FERBERAT . RIBFE S W%
R TR R R BY 1 R BE /b, Ho, RGB
BT ARIEEHLERPN R K. TE— X [F
Y1y 0E 30. 126, Y [ V- YuiE 29. 6 %05 F R X -
BIEE 21. 824, Y [ EWIE 22. 5% FR = X [ F
BId s 20. 6%, Y 14 SEH 808 19. 3% . HE— X,
A HEERREL. —MHEREFEIRBEKRIE
B AR A 35 5 1) 11 b 22 i 107, T 3% B B 22 )2 X b 7R B
A BT OCEE 7, Wl b X B BB K 3K 45 # B B IR A
FH 8 KRR BE AR L 0 45 0 1) M R il 17, 32 W5 RSB 45 1
BIRPLERRT .



2024 4 12 A

ETR TR A BTN ELREE B R B 5 S0 AT T R R A RE AT 5T

o 37 o

10 000

9 000

—— —XH] B —— —Ym =
8 000 — HROXHENH 7 000} —— TRYWEHN
5 —— HR=XHEH N E — FREZYHEH N
R 6 000 = 5000}
® & |
I 4 000F =
i I¥ 3 000}
2 000 i
1000
O %
BE BE
B5 ELRETAREHFHUERN
Fig.5 Shear force of the wooden tower structure under EL wave
10 000 +§%§W§F"%Eg£ 8 0001 +§?§WY[§§§£
—FR—XMH R r —— FE-YHE
8 000 & +75‘$EX[‘IHE§§’}J 6 000} —~—7:T$EY[’EJ)§§9JJ
- T HREXHEEN S > —~—HR=YHMEEH
< 6000F OO\ = r
EK E 4 0001
T 4 000 = F
iy iy
2 000+ 2 000F
o o4
»E B2
Bl 6 DLTHKTAEBEMEHS
Fig. 6 Shear force of DLT wooden tower structure under wave
12000 g R RS
10 000} — FR—XHER S S - FR—-YHEHH
e FRoXAENA SO — FR-YHERH
Z soool —~—FREXHEWH Z S TREYHENS
-ﬁ 'ﬁ 6 000+ \
= L R
E 600 = 4000}
I
4 oool
2 000
2000} 3
i o
BE

B 7 RGBETARELEHESH

Fig. 7 Shear force of the structural layer of the wooden tower under RGB wave

(3) AREEEEMREJZ LLAE XS L 73 1T

REEANEHT A I 454 5 B 5= 45 M B J2 (2 A X L
WnTEL 8,910 R . FERFRAEFIT « A BE B 45 Ha 5= i
IO Y . 57 % I g B8 38 0 384 K e RS A% Hh BT B T
PE RWIARIE S AR A 55 . PR R 45 HR 2 K
SRS I AR, HAR S S IS AR T . Hed L O
& — - H ek e e K L i 48. 6 %6, 2 B LB AR AR B 0
Bee 75 J2 4 A1 B ] ] e IR B 4 L B A B D8R
A TR AR 55 K AR

(4) ARBE S5 JZ= 18] 1 7% A1 X HE 23 4T

FKEAE N RS [ 25 4 5 b 7 4548 )2 R % #f X
Lo 11,1213 fis . FERBEEHT  RE RS )2
B 57 B8 i1 AR A . AR A A 245 440 ol AR HR: 285 0 D o A1
— 2 H A NS 2 AR M AR R, AR & 28
o BRAE s )2 B B SRR B TR ™ AR . RIER
R B K J2 RS A R B el L F b O B8 — - S e
R PR R RE. EHRERREE . SZZRM0E
£ ¥ R R I BRAE L R & 2 W R AR, % )2 ) o B8 £ 4 T
R AT s N DR ) 50 2 74 T 3 B A 1 45 4 I 4



- 38 - P M R 2024 445 4

00T s SR BB B0 e YRR A
3501 FR-XIEERR 300 - FRE—-YHEEMBE
300 ~FE_XHRBEAB -l —— FRIYHEBEAE
§ ool TEEXMER G : - HEE YRR
2 R 200F //‘
% 200 5 v
Ik 150 Ik 150 _
#® 1l & 100}
50} 50f
0 3 3 0— ) 3 4 5
%2 #®E

8 ELETAREZENERME

Fig. 8 Floor displacement of EL wave wooden tower structure

4007 . JEEEHX R R AR 4000 g YRR AR
350r -« HRE—XHBEEAH 350F - FR—YHBEEMNE
300 ~—HF R _XMEEME 300 ~—HFR-YHBEEMRE
§ hsol — HREXEBEN E ool RV EREME
g 200} g 200
% 150} %MM 150
100} 100}
50 50}
g ) 3 0— 3 3 4 3
%2 %2

B9 DLTETAREGEHBREME

Fig. 9 Floor displacement of wooden tower structure under DLT wave

4300 o X PR AR — SR Y R R
4008 o Jrge—XTARE RIS 400F o JrR—YRRERE
350F —FR-XEHRMH 350 ——FR-YHEEMH
£ 300r — HREXMBZRNL E 300 —— FREYEBEME
2 250t & 250}
E g0l & 500l
o 200 I 200
£ 150r % 150F
100} 100}
50F 50t
0— 3 3 0 2 3 4 5
#E =
B 10 RGBE FTAREBLEHESMLE
Fig. 10  Floor displacement of wooden tower structure under RGB wave
SO o st i s A O YR 3
Ny e L~ HR—YHER A
0.008}- > - —~FRYER AR
——FRXHBEEA 0.003 1y = v 2 (A i %5
§ 0006 T HREXMEREMEA % L
& 0.002+
=
It L
0.001}
0.000———5——F————%
B2

& 11

Displacement Angle between floors of EL wave wooden tower structure

Fig. 11

4501

EL i TARIEEN R B (L



2024 4 12 A

A LT I EASE BUH R 5 8 7 B R P R 5 -39 -

0012 | memxmRRAES

0.010r ——FER—XHZEMBEA
|~ FR-XHEAMNEA
—FREXH B AN A

B
o
=
&

0.012f

—— R YR ERMVBEA
0.010f ——HR—YMHERNEA
——FRIYMBERNMNEA
g 0.008F —— HRZYMBEFMUBEH
& 0.006
E
I¥ o.004F
0.002}
0.000— 2 3 4 5
%2

B 12 DLTETAEEHERMLER

Displacement Angle between floors of wooden tower structure under DLT wave

00100 | vy i R MRS
ooosl TR -YRBRGBSA
- ——FROYE B ENEA
& gops| T REYAERGBS
i:_]
B 0.004f
0.002
0.000— 2 3 e >
B2

B 13 RGBETAREZHWEELEMH

0.004}
0.002} ]
0.000— > 3 4 5
%2
Fig. 12
OO psmyx i R R
0.012 —« FR-XEERMBEMA
0010k — FE X EAE
—HREX R EALR A
2 0008
E 0.006
0.004F
0.002F
0.000— 5 s T
®E
Fig. 13

4 HSite

DA B A Sy B 5% 4 52 o 3 7 R 3 25 4 A B A
AU, AR 35 b b R P T 255 48 S B 0 B A 3 R I AE M
Jils A LTS [F) B 7% 7 58 EAT RS 40 it A 2y g B AR
AT DUKEE 25 ¥ B8 )2 07 B8 )2 )V 8 £ 2 s 0 P AR
A 1 R AR AR W T A I 25 4 51 6 15 00 2 B 2 M e 4R )
AN R R E R R eI AT AR IR 2 .

TERRAEF T R JRE A5 H K B0 Bt 3, 58 —
22 LR 1 R A SRR RIB A5 H LA 552 s 72K
REAEFRR S A T 25 g 1 52 i) o7 95 K 6 W B A Ak 2 3
BIZNE 2R B ¥ R AE - R, I BB — )2
Gb AR B R 2 I ¥ o BRAE & 2F BH 8 5 .
TEAT B R AR )2 G - ATE 25 F4 b 75 ) 0L A5 3] 4 - 4 i L 45
W HE AR I A KR B A, Hoh RIE IR R 454 5
SERAHEE L J2 BT J7 V- 080 26. 4%, 88 2 0 B - 4
W 42. 6 %0, )2 0B A 29000 53. 8%, I HL5 & Xt L
YA BRI T % — PRI TR et . R B A2 4 AR
Il ARG B 12 B B 3 R AIR L PR R 2 i A B rT 4
AR M TEREEA T YRR S AR E TR
[ A B T AR E— 2B Y .

DRI 35 25 40 11 52 PR R 22 5 1) SO g v, AR S
Pt TAE R R ARE R REAR P SRR, v oG

Inter-story displacement Angle of the wooden tower structure under RGB wave

GRE M BRI TARM—E NS HHE. MARE
(PR T TN AR 2 S G A7 H SO (B 5 15 B BRI
J A S fe /N B A B TR AT O L B 5 7
SR E T il D 1) RELZ R BN A s R

S Xk

C1] BRI, B EARBELM. dbae : 30 it , 1966.

L2] AREMg, ZR¥M0E, 8 %, 5. N B ARBHUE R R
+ AR THE2EHR].2010,43(S1) :363-370.

(3] JRME RS, T M RE f 0o 55 7Y g B B R B8 0 7% 1 BB o A
[D]. db 5t db s 585 K2, 2022.

C4] XGh. B B AEH LA EPL R R (D], dbat . dt
SR 2022,

[ 5] Cornell C A. Engineering seismic analysis[J]. Bull Sism
Son Amer,1968(58) :1583-1606.

6] THZ k. 4549 5 Birk o 2 0 A ok o ik 3P AG LT ], o [
15 ,1996,12(1) :49-55.

C70  Shpfobk, g iR, 5k 485 A o 40ty 8 AR &5 4 119 b 72 5 454
PEAHTLT ). PR3 TR 4R . 2023,36(5) : 1390-1401.

(8] £EME. 5208 SO0 MM AR M IR M 52 B # M 23 A i 5 [ DL
R KRR, 2021,

(9] EROBEBARLHHES B HLD]. AR Wbk oK
%,2020.

CFE6%5 52 30



FAHCEHE2008
2024 4 12 A

th T # = No. 4
EARTHQUAKE RESEARCH IN SHANKXI Dec.

N E RS :1000-6265(2024)04-0040-06

EEMD 127 57 fif 5% F 4k 3 B oz e 7= 10 % B B9 Bz A
EEB R AW EHE

AL &HEREH, LG KR 030021:2. ARKBASSH A F AR FUMALE, LE KK 030025

WE: FREWANA S ZIRERE T, FEOARWEE T F RS RSS2 Tk ERRR.
533 BLA MR T R M R R YE . 51 EEMD 2R R E % R IR G S A TR M T
PeE B 47 EEMD FEREUR . SRR U R R REMEC NS L&A
WAL EREERBE R . RS A IR 3 WL i £ £, EEMD Fr BR800 I BR TR AR 7E LW 4R
ShAHE i 2% B BEALIR 22 F 57 0 e 3l A8 5 B R R 9 U 30 il 4R E AR FET 3095 il 4k RE EL 0L M

Tl 1 B Y B S B B

KR R EEMD FEW 75 IR EUE
XEFEFED:A

FES#EE . TU352. 1

0 3IF

PR GRS RGEE T B E R LR
L B 4% b 1% SRR AR B0 R 1R) B PR A 5 W IR S, o i 22
BERBIRERERS . BTHRREHHRIIESS
B, W] X A7 R 45 4 A R S AT O A L 9F & 1D BB R T
. BREPOMBZEAER S ZRHEIRENT
o, A &b W 4% AR AR 15 5 W I TR AE o, 3 LSS
RIHG & RS SH T A R U R, Tk
TEH 2 UL X B G 45 MR A I AT PEAR Y, H Ik, 7E
B 3 A Z B T 20 B T S8 W H U AT BUAL PR R TR
PR S AL B, W B 5 4 R3S 43 1T 4R A AR X T S Y
a ANBAE

B35S I8 RN 0 3 ) B, B NSNS 2 i
HTRENRARSMAYY ., EERENES LI E
1 45 28 5 X IR M 199 S B 3 2o A 0 BT R L B SR
FI FFT 7846 5038 /N I A8 Ak S5 4845 5 e i 2 53038 P
PLArT . MRS 5155 78 S 80 FT 20 i, W15 38 59
TR UL AS , URBR N P BT XTI AR . IR R,
HRRIESEY A EENIELREMIETRE, K
SRS RRE 4 B 2, BN IR A B A 35 3 R AR AN [, R
ISR A% G R A2 B R I P 0 7 TR R BE T R B O L A R
oK XHE 5 HEAT H 38 W 40 A T A R R 2 H T AT R
[ — AT, Huang et all' 38 1 —Fb 5 38 ) 53
BRI M2 AR RS M 7 % (Empirical Mode
Decomposition, EMD) , ZFEREFS B HF iR R
B R ARAE K55 20 i A R SR AE S R

%5 HE:2024-01-12

¥ (Intrinsic Mode Function, IMF) 2 #1, 7] & A T3k
LMEVETPRES. BERAEFERSERRE, Wu
M Hang" 2 T M 75 5 B %04 70 47 (NADA) Hg, £
XF EMD f77E A2 TR & i 17 Tk, 18  EEMD 43 fig
¥ . EEMD 43 7 % LBt 2 7 EMD 43 i
B BRI M — 1B R E 5.

A& S0 EEMD 43 7 s 51 A I 8F 29 3 £ 4 T
Ab PR, S5 B HHE A R R R B AR D SE B A AT
EEMD [ M 4 5, Xof 355 K U ) hr i 32 B2 4R 30 m o B 4
I il 28 DT DR P R IR T BRI S BV I B L), IR
T ETER RSG5 RS R B AR .

1 HRAZE

EMD 5 # % R R IG5 5 S PFrf Bk R
1B RS/ IME R = OH: 2% R BB 1006 15 2 R 6
PR E T EEL:HTE L. TO8LNER
FVPHEELE m) ] SOWE m(0), 1838 >
RIEFTFF ¢ (. WR o (O W R IMF 822 5%
X ()R IMF [{—40 8 B EL ¢ () R 43 B
Fo#EERZU ELR, ARWEERAIL. B
EMD 55 58 0 ff B n 4~ IMF 0 BRI — 15 TR
&, MmN

S = Dla+r,, ¢h)
i=1

st B A IMF 4085, HRATA,
EEMD #0275 EMD B4R B2 b B AR 3L
R — 3 R RS, 2R B8R S0, EEMD 4

ESWE I FE A AP E IR B (202303021221251) 1L 75 45 # Z JR B B (SBK—2319).,
E—EEEHN FEFEA986— O, FHINFEEFRA ., WMEHIRA, SR TEIT, =2 b E XS PEfE T4E, E-mail:Ihw_one@163. com,



2024412 A

ZEE A%  EEMD 825 47 i 5 vk 78 iR 30 008 R 7S 0 ) o 1) Rz

e 4] .

IR B R I ETIREREAR, ) #
JE R B AR BT B A —

s Wu SERIPHTE R, BB A 2 EEMD )5
R & RS o R F M SR ERIE W8
C, BRI (2) ~ (D B

E, T, = const » 2
N
E. =+ 2 GG (3)
i=1
o _ 2N
Tn - Next b (4)

X NABEREE RABESTENREFEE;
T, REEGF A C, URIRE R Nao ALK S
B S S BB R ESRMENEZ .

T LRHMIE, EEMD RO ZERSEY
AR SRENESTE. REFTRIER
WA EEFET RIS S S, RAHRR.
FELMEFNFE. Nk, EEMD 2 )5 9 RT £ —1 B
BESHORSE, WG SEMRENT, XA THETH
W, BAR R AKX G ERR:

Xp = D.,CH+R, (5
i=k

it , 3 F EEMD F IR T i 5 B 7E T Qe 0 2
kAH. AESCERBLAI A, T HK (6) FE N & fH O3 RE A
e

ET,(k) —ET,(k—1)
R, = 1 e ,
leZHEnT,,u)
KF:ET, A% k4 IMF 2B GEEFE S5 ¥4 H
Wz, M R=C(C—MMW 2~3) B, BT £ —1 4
IMF #2535, B R R IMF 2 EMRRE R
Bl AT A5 298 S BR 5

Ay TIE B T2k e R AE TR ) T B A, SR R B AR AL A9 07
BN RS RE WA E S, BB F S A
JRAR LB L fh 2% . 2R A EEMD o M A5 B0 ) 485 40 A9

2

(6)

WL iy 28 HEAT I W, O 2R AR AR 8 HE SNR R34 J7 iR 22
MES PP M5 n TR B IRBOR . ASTIEH T 77 A B
PLMR A RYIE RS 20 A 2 BUA NC0, 1),

X R BICSR BT A E O 5 TR B SNR B 7 iR

Dt
SNR = 10lg | w——"——| , (D
E(Si_xi)z
i=1
1 < ,
MES = 5> (s —x)? (8)

S AR R s s (R S [
I8 He SNR TS 2 90 (22 o0 B A1 19 B 75 A/ MES R
I 6 T W B AT

2 ET EEMD [£IEX5g

X H /N SY S EEMD 43 B R Stk » 4 300l
AR —B W 20 Hz (9IEZE .10 Hz WIEZEMA
WA B N ALY B AE 5, R EEMD J53k 5/
H CRAT db5 /N R EO 20 510 B 8 & BUE 5 34T
SRR REAES AR (LA . BIRAER & B R
9 =450 = HEAT X o, AL X R BE EEMD 53 i
TEEAT BB MR 20 Hz 1 10 Hz {75 20
K » B A IR 0 B AN OR B AT AR S T /N B R R
FEWELHALE MBE 5 20 R, 0 i 1915 5 &
IR IE 345 A6 B B R 5 S BRIRE s 340 A
FBIENEER S R LE 2), EEMD 7+ f# it &
EEETTE IMF3 f IMF4 B2, 5 H 2 8706, %) i
RSN 20 Hz Fl 10 Haz, HoAth 53 8 00 ¥ 5 5UR 4 15
S /NEARESHRETRMADC MK FESIHE
L RBESHEENES ZEE5E 6 ZHHEREN
766, R BRI E T . B, A SOR
EEMD 73 fif J5 ¥ %) 40408 34T P R AL B

200 300
B RS

100

200

He (B 751

g VYY)
@3_2 L 1 1 L I
. EEMD)## AN
il 1 2r 2r
Lo 2 oz\/\/\/\/\/\/\/\/\/\/ I o.’\/\/\f\/\/‘\/\/\/\/\,
= |/ = &
] -1 - - s - ' ) ' ' : ' L ' ' ' ' :
P 1p * 2 2
L AVAVAVAVAVE L SaVAVAVAYE L S S AVAVAS
S : : - : ; 2 ' ' ' - T : : - : ;
£ 0.2 * 0.5 1r
T oo 5 o oo
F ~
& NN 2NN
L ' 0.5 ' - ; s ' '

200 300
Bt [A] FF 31

300 400 500 0 100 400 500

1 EEMD 5/l 5 ## 3 bt

Fig.1 Comparison between EEMD and wavelet decomposition



.« 42 . T/ == 2024 45 4 3

EEMDZ4}f#

BEE S BERNESL (%)

R4 BHT AR
2 EEMDF/MNEABEHBERELLE

Fig.2 Energy ratio of each decomposition layer in EEMD and wavelet decomposition

FREES
=) —

o=

1200

W RS
NS N A

=3
1

OrymmETT

H
1200

N

FRERES
(=]

I
w

A, i H 5
600 800 1000 1200
Bk

=
%
Sk
=4
B
=}
=4

3 MENENHERIESE

Fig.3 Constructed simulation curve and noise map

IMF1
N O N

TET I

—o—

hohm @ =

S o

el
N o -

IMF8 IMF7 IMF6 IMF5 IMF4 IMF3 IMF2

soar o

-
0 200 400 600 800 1000
WHKE

4 EEMD % f# & Bt IMF
Fig. 4 EEMD decomposition of IMF diagrams of various orders




2024412 A

ZEE A%  EEMD 825 47 i 5 vk 78 iR 30 008 R 7S 0 ) o 1) Rz 43

i P 3 AT 4 AT, e R B TR A3 2 AR AR HES L AL
Br EZA R i BRI A A AR, AN 5 BT
B 4 B IME I 5 P 51, M5 5 & IMF5~ IMF8
B EIT . A 6 T A 2 e IR 47 3t I B U5 0 A 40
f kP AR , 55 (5 SNR B2 8] Bi& A, ¥
WERES MES W ARBEMRULE D. b, 2T
EEMD 53 J5 ¥ F9 U8 ¢ ¢ 15 A58 20 T KW 3R e 15 5 1Y
{5 W Lb » TR 07 3 LT T B i sl B D e o

20
15 A

10 / \\

o /o

5 / \
d N

_—
-5 . i
I R R R S S A S
K&

B5 KESERXEH
Fig. 5 Relationship between K value and R

1200
1
1200
e e i i . L i i ]
0 200 400 600 800 1 000 1200
BiEKE

6 EKEIRIE

Fig. 6 Comparison of denoising effects

F1 HEWHEERIETER
Table 1 Comparison table of noise reduction effect of

simulation curve

pURTIN gl SNR(dB) MES
L ADLHR B 0000 2 4 17. 06 0.009 8
(E YR IPUNIE €T 27.76 0.000 83

3 SLINHREhE iR PEIR

T8 A I BOE , 18 IE EEMD 40 # 41k BA BT
R Mgk SR, [ G T LA EEMD [ 08 I TR ie s
WA . EEEARIE IF XTS5, & 7 R
Br 25 1/2 8 o 5200 4R 30 0 BE 40038 ) FET 453% i

L. TUEH . BEPRFIEFETEELESTE S He I,
T2 W, FET ] 2 RRAE 51 M
H8 Hz Ll RSB BN T — &R FRBERRFE , X J5 42
RESHMRBA ~E2m. mE 8. & 9 frm, K
IMF1 45 B A oAk 45 B 1 25 1) 000 38 5 4 i By 0 3
BFHET], F RSB RE A EF . L EHBEE R K
FRINE 10 fron, 2 k=2.R KT 2 B, IMF1 7] #]5&
AR FREN RSN ERNESHr. F9E
¥ X% FET 4G MR an B 11 Fros, BEMR S 9 0030 Bl 2%
1= A IR P {5 545 ) B S A A RRAAE A B A B A
LERWANELE, BB T HETE 8 Hz B LT BK
HIBC, B 2 7 R B BT Y R R B

JRSAINTE B AT T 2k 0.06 AL FEL AT 3 i 2R

2 . L .
LTS ' ' %
E 50.04
%—1- _, ];’go.oz :

-2t \ ) \ , B L \ | c; b ; ™ i it it

0 50 100 150 200 250 300 350 400 0 10 15 20 25

ts #/Hz
7 FRIBLAT SR 0 B #HE & FFT S g 4

Fig. 7 The measured acceleration data and FFT spectrum curve of a certain cable-stayed bridge



o 44 e

E
&
=
i

2024 4FE5 4

IMF1

IMF3
el
Ne O = =mOm=N

IMF5
o

-0.2

0.04
0.02

-0.02

0.04
0.02

IMF7

IMF9

-0.02
0.02
0.01

IMF11
(=]

-0.01

IMF13
=}

L ! o et 4

0.5 1 1.5 2
t's x 10

IMF2

IMF4

IMF12 IMF10 IMF8

IMF14

B8 E&£#H EEMD SBEEESSE

Fig. 8 EEMD decomposition of various modal components for a cable-stayed bridge

14

IMF1 0.05 ’ IMF2 30r
sl bk L&J‘ s s . . . b !
% 5 10 15 20 25 % 5 10 15 20 25 s ;
x 1072 i
MF3 | TMF4 a0k
62 5% 5 TI0TI5 0 3s =15y
— x107?
IMF5 W Sh IMFé6 10F
= 3 & - .
! . 154, | L . . .
4 5 0 1 2 3 4 5 5
x 1072 . -
IMF7 3 IMF8 0 ! i R i i ot e i
2 (¢ 2 4 6 8 10 12
T S K
4 5 0 T 2 3 4 B
iz E10 ZARFIBEFEHOKES RXRE
9 HiEAS SN FFT SAE (57 8 BY) Fig. 10 Relationship between K value and R of
Fig. 9 FFT spectra of each modal component (first 8 orders) measured vibration data
G I A ik
2 Zlggy | i
% ) FERE
S o
g
= -1
-2 : : . : o - . Hy
0 50 100 150 200 250 300 350 400
t/s
{2 AR i dh %
)
=5

95

f/Hz

B 11 MEEEIRSEER FFT i E
Fig. 11 Vibration data and FFT spectrum after denoising



2024 4F 12 A ZEE A%  EEMD 825 47 i 5 vk 78 iR 30 008 R 7S 0 ) o 1) Rz < 45 -

i CEEMDAN— WT BE & M [T Rah 5w,

4 gﬁf&ﬁiﬂ.iﬁ 2021,40(9) :12-18.

(1) 5B R , %) I EEMD 4@ 5 /1 % 43 [4] k.88, THEY, & ETERERESHENHR

LS, Z5 5 B, EEMD B4R 47 43 55 M 52 B 19 57 ?%?%%F%%ﬁ%ﬂ??i[]] B &2 B AR, 2016, 39
N N % 10):166-170.

B PBTRANRIHE MERRICARETA TR (5] e min s s e R res R

i DI SHRIB R E SR AT R 5 . 2022, 41

(2) @B EE, Wik EEMD B RR , 84F (21) : 246-256.
HTH R T 2 IR R B A S R L (67 XIEZE,HHFH T¥M. ET EMD #l ARMA H&I#f 2
(3) EEMD WM i) 48 572 T & B 0050 52 38 1 Sl {22 W B B A 7 9 [, kA 5 TR,
BEUBCR B SRR 7T A0, A 3031 A B0 k(B T 2008.3(5):55-59.
B . [7] ShunL ,Jiandong M , Zhiyuan L . An EEMD — SVD
(4) ¥ EEMD [ M 7 1= 5| A 845 2 33 20 05 0 % method based on gray wolf optimization algorithm for li-
N . e T s N dar signal noise reduction[J]. International Journal of

Bt ,j{l‘:]i/f;z%%l‘ﬁ#ﬁ 1/2_% i ?*mﬂ%djbn%g%ﬁ Remote Sensing,2023,44(17) :5448-5472.

8 it S AT S0 ’”%E’T > b %}E MBEEFHBED o9 i X . Ying L .Chuang Z . et al. INS/GPS Integrated

Hﬂﬁ?}ﬁ//b »FET EEH?X} 1= BT ?ﬂiﬁﬁ% E/‘Jﬁl]ﬂ?“ ’ %:‘ﬁ%ﬁ Navigation for Unmanned Ships Based on EEMD Noise

B V\]ﬁﬁ%ﬁﬁﬂféﬂﬁ JESE, ﬁﬁ%%%ﬁ%%ﬁm R Reduction and SSA—ELM][ J]. Journal of Marine Science

P Ak PR AR —F o B BB, T — 5 R B A AL R and Engineering,2022,10(11):1733-1733.

BEREE G, [ 9] Zicheng X . Bearing fault diagnosis method based on EE-

MD and adaptive redundant lifting scheme packet[]J].
é%iﬁk : Vibroengineering PROCEDIA,2020:3414-3419.

[17 BBSE. Sk, RN % BT AERE s sm (0] VIR RENL Xy F ETTAUNER R D R
BB B B[], A 5 A R 2 3. [ R F M o g iz L), Bl R 4 5 Ak #E, 2009, 24(B10) £ 58-60.
2£HE 2023,36(3) :23-29. [11] Wu Z H, Huang N E. Ensemble Empirical Mode De-

[2] %E.BEk. iR, %, T Savitzky— Golay -3 — composition: a noise— assisted data analysis method[J].
71N R A T A 4 AR MR TR [T ], e Advances in Adaptive Data Analysis,2009,1(1):1-41.
SR .2023(9) :100-106, [12] FI&. DK 5%, %, EMD kMR & 5 2 5 5 2 UL &

[37 M&E.EE TR B GNSS—RTK A il K iR Bty 9 B FALY]. 43 5 #hifi 2016, 858 66-72.

Application of EEMD Modal Decomposition Algorithm in
Noise Suppression of Vibration Data

LI Hongwei''?, ZENG Jinyan''?, REN Ruiguo'’

(1. Shanxi Earthquake Agency, Taiyuan, Shanxi 030021, China;
2. National Continental Rift Valley Dynamics Observatory of Taiyuan, Taiyuan, Shanxi 030025, China)

Abstract: The response of bridge structure is easily disturbed by environmental noise, which leads to the failure to extract the modal
components of vibration response signal accurately. In response to the limitations of existing noise reduction methods, this paper in-
troduces the EEMD empirical mode decomposition algorithm to denoise bridge vibration signals. Mathematical simulation experi-
ments were conducted to analyze the effectiveness of EEMD in noise reduction. The results indicate that this method effectively fil-
ters out Gaussian white noise superimposed on known curves and significantly enhances the signal-to-noise ratio. In actual measured
vibration curves, EEMD denoising successfully removes random errors and abnormal fluctuations present in the data, resulting in a
smoother vibration curve. Additionally, the FFT spectrum of the denoised data provides a clearer and more continuous representation
of the signal.

Key words: bridge structure; EEMD noise reduction method; vibration data
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Analysis and Suggestions for Faulty Operation and Maintenance of
Linfen Geophysical Station Network

ZHANG Congceong''? , ZHANG Hongxiun'?

(1. Linfen Earthquake Monitoring Center Station of Shanxi Earthquake Agency, Taiyvan, Shanxi 041000, China;
2. National Continental Rift Valley Dynamics Observatory of Taiyuan, Taiysan, Shanxi 030025, China)

Abstract: To further improve the quality of geophysical observation data of the central station, enhance the operation and disposal ca-
pacity of the station, and provide scientific basis for the spare parts of the station, this paper makes statistics on various faults and
autonomous maintenance of the Linfen Geophysical station network from 2013 to 2023, Summarize the fault characteristics of the sta-
tion, find the cause of the fault, analyze the operation and maintenance ability of different types of fault stations, and give a typical
troubleshooting case. The suggestions of operation and maintenance are put forward from the aspects of power supply system im-
provement, daily operation and maintenance and scientific spare parts, so as to further ensure the high-quality operation of the geo-
physical station network.

Key words: geophysical station network; troubleshooting; operation and maintenance ability; spare parts
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Seismic Vulnerability Analysis and Seismic Isolation Performance Research Based
on Yingxian Wooden Tower

WANG Leilei"? , HAN Xiaofei's?

(1. Shanxi Earthquake Agency, Taiyuan, Shanxi 030021, China;
2. National Continental Rift Valley Dynamics Observatory of Taiyuan, Taiyuan, Shanxi 030025, China)

Abstract: Yingxian wooden tower is the best existing wooden structure in our country, has very precious cultural properties. After
thousands of years of wind and frost. the wooden tower has a certain degree of disease. To ensure that the wooden tower can be used
normally under the influence of sudden earthquakes, it is necessary to strengthen and repair the wooden tower. In this paper, a
three-dimensional model of Yingxian wooden tower is established by finite element method based on the characteristics of the whole
structure, and the damage of the wooden tower under different earthquakes is analyzed. The results show that the upper part of the
wooden tower structure belongs to the weak layer, and obvious damage occurs in the upper part of the tower under the action of large
carthquake. According to the results of damage analysis, three different isolation combination schemes are designed to explore their
isolation effects, and it is concluded that the isolation scheme has the best isolation effect.

Key words: three-dimensional model; yingxian wooden tower; high intensity earthquake; isolation scheme
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Table 1 Average error of water level calibration values
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Fig.1 Water level calibration sample table
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Development of Water Level Calibration Software Based on VB Language

WANG Yongjie. MA Lei, ZHAI Shiheng, XU Wanjun, WANG Bing, WANG Li

(Kaifeng Earthquake Prevention, Disaster Reduction and Relief Center, Kaifeng, Henan 475001, China)

Abstract: Based on the discipline norms and observation requirements of groundwater level observation, this paper analyzes the cali-

bration calculation process of groundwater level, and uses mathematical methods to formalize it, so that the calculation results meet

the requirements of water level calibration. At the same time, VB (Visual Basic) programming language is used to write water level

calibration software. This software can assist in implementing complex logical operations such as calibration data calculation and re-
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sult judgment. Station staff only need to correctly input calibration data to generate calibration documents. The calibration software
is developed based on the VB platform and has the function of independently calculating and providing feedback on verification results
and opinions, as well as producing water level calibration reports. It provides efficient and convenient operation for water level cali-
bration of underground fluid stations.

Key words: water level calibration; VB programming language; computer software
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Analysis of Influencing Factors on Background Noise of Yongan Magnetometer

LIU Shuilian' , LIU Suyun' , GONG Wei* , CHEN Junfeng’

(1. Longyan Earthquake Monitoring Center Station, Longyan 364000, Fujian, China; 2. Nanping Earthquake Monitoring Center Station,
Nanping 353000, Fujian, China; 3. Quanzhou Earthquake Monitoring Center Station, Quanzhou 362000, Fujian, China)

Abstract: This paper investigates and analyzes the main factors that affect the unexplained crash and background noise of Yongan
Station FHD-2B instrument from the aspects of observation environment, technical system, observation instrument and human
noise. The results show that the observation environment of Yongan Station is good and the gradient meets the requirements, The
main reasons for excessive background noise and unexplained crash of the geomagnetic instrument are the long running time of the in-
strument and the deterioration of internal performance. After the transformation of the industrial computer, the failure rate is greatly
reduced, and the data noise is also greatly improved after the update of the instrument, which effectively improves the maintenance
experience and observation data quality of Yongan geomagnetic instrument and provides reference for the observation and maintenance
of the station.

Key words: geomagnetic observation; background noise; instrument modification
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Composite Catalogue of EARTHQUAKE RESEARCH IN SHANXI
(No.1~4,2024,Sum No. 197 ~200)
* Seismicity «
Analysis of the Stress Field Characteristics in the Xingtai Seismic Region and the Seismogenic Background of Earthquakes with Mag-
nitudes above Mp3, 5  cerererecnreerscererereeneenneeerierieneenneeereenienennneennenne ZHANG Yang,DONG Bo, WANG Shi 1 ( 5 )
Determination of the Focal Depth of the 2013 Liaoning Dengta Ms5. 1 Earthquake Using the First-Arrival Seismophase Location
Method ~— creverereverierineiniieienieeenes DAT Yinglei, ZHANG Xinran, KONG Xiangxue, TIAN Yujia, WANG Shuting 1 (10)
Analysis of Spectral Shift Characteristics of Foreshocks before Strong Earthquakes in Xinjiang Region
. LI Kui,ZHANG Qingyuan,LIU Lixia,MAO Yujian,ZHANG Feng,ZHOU Jing 1 (17)
Research on Earthquake Motion Prediction Models in the Sichuan-Yunnan Region of China
- LEI Deming, PENG Haibin, LAI Qinghui, ZOU Yulin, LI Huaiguang 2 (1)

Research on the Correspondence between Throwing Blasting Equivalent and Earthquake Magnitude, as well as Waveform Character-

istics Taking the Heidaigou Open-pit Coal Mine as an Example +-++++-+-« GUO Wei, LIU Fang, FAN Lingling 4 (11)
» Earthquake Geology »
Preliminary Study on Kinematic Characteristics of Related Blocks in Yuncheng Basin «tc«sceeeere et

- GUO Chunshan, LI Wenqgiao, YAN Xiaobing 4 (1)
« Observation and Analysis «

Analysis and Efficacy Evaluation of Digital Water Level Observation Data from Maanshan Well No. 27 in Anhui Province -:--«-«:-

ceeseeenees YUAN Mingwang, WANG Jun,LIU Yuanyuan 1 (23)
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Analysis of the Influence of Electrified Railways on the Second Value of Z-component in Geomagnetic Observation at Changli Station
- TONG Xin,ZHANG Guoling,GUQ Jianfang,ZHOU Jianqing, YIN Jinping 1 (29)
Analysis of Anomalies in the NE Component of the Extensometer at the Yixian Seismic Station
csesesees QU Man, HOU Xiaozhen, MA Dong, GAQO Chen,ZHANG Na,GONG Yanmin 1 (33)
Evaluating the Monitoring Capability of the Shanxi Seismic Network Using Different Methods «+reveeererreveerrviiiniii.
- LIANG Xiangjun, WU Shukun, WANG Xia,LIU Linfei 1 (38)
Analysis of Background Power Spectral Density Characteristics of Pendulum Instruments in the Chengde Area
- ZHOU Shuo, WANG Jiaqi, WANG Xiangliang,LI Mingwei 1 (44)
The Impact of Rainfall on the Earth's Resistivity Observations at Baochang Platform «s«seseseseseimiiinnnninnn .
ceereeenees JIA Yanjie,JIA Xinye,BAI Shaoqi,GAO Yunfeng, YAN Jiwen 1 (51)
Study on the Characteristics of Abnormal Water Level Changes in Jiexitn Well «eceeseserererserersaertrnieriirietiinineiessteine e ieeee e e
- LI Yan, LYU Fang, WANG Xia, ZHAO Kai, MU Huimin 2 ( 7 )
Comparative Analysis of Observational Data Before and After the Replacement of the Strain Probe at Kuancheng Station «+«-+--c- <+«
seveeeenes. WANG Jiaqi, WANG Xiaoxia, XIA Yingpei» YANG Donghui, YUAN Guoxu 2 (14)
Exploration of High Hydrogen Anomaly in Fault Gas of Xia COUNLY «r«rer e cerreeeresorerscereruneanterteeietane enterseesaeane ensensneesuenne
«oeseseeees. CHANG Jiao, YANG Jing, HUANG Chunling 2 (19)
Analysis of the Quality and Interference Factors of Strain Observation in Yushugou Cave «ts«resereririniinnnnn .
- MAOQO Yujian, ZHAI Shilong, LI Kui, JIA Lu, Mulatijiang Abulaiti 2 (25)
Construction and Current Status of the Trace Hydrogen Observation Network in the Zhongtiao Mountains Fault Zone -+-«sesevveeeee
- HUANG Chunling, LI Yun, MU Huimin, YAN Yarong 2 (32)
Research on the Monitoring and Early Warning Capability of Shanxi Earthquake Early Warning Network
- LIU Wei, LIANG Yan, LV Feiya, LI Chen 3 (1)
Analysis of the Reasons for the Failure to Trigger Stations in the Shanxi Yanggao M3. 9 Earthquake Early Warning System -+ -«
«+eseeeees LT Chen, LIANG Yongye, CHEN Yongxin, LIU Wei, FENG Kaiyu 3 ( 9 )
Analysis of the Early Warning Processing Results for the 2023 Qingxu M3. 7 Earthquake in Shanxi Province «+«s«vseoeresearniniin
- FENG Kaiyu, LIANG Yongye, LV Rui, LIU Xuejiao, DOU Liting 3 (15)
Data Quality Assessment of Shanxi Earthquake Early Warning Station Network «+«se-ceesessercrssercrnaerierintierintiessteintateieenee e
- DING Daye, GONG Zhuohong, XU Bo, ZHANG Wenying 3 (21)
Analysis of the Operation Quality of Datong and Shuozhou Earthquake Warning Standards and Basic Stations
- LI Wenchao, YIN Kai, LIU Wei, CHEN Yongxin, WANG Tiangi, ZHANG Zijun 3 (28)
Analysis of Observation Quality and Co-seismic Response of Tengchong Vertical Pendulum Inclinometer «+«stseresersesisniiinii.
- FAN Shaohui, ZHANG Shanyuan, XIONG Jiawei, ZHOU Kepeng 4 (16)

Analysis of Influencing Factors on Background Noise of Yong'an Magnetometer

- LIU Shuilian, LIU Suyun, GONG Wei, CHEN Junfeng 4 (21)
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Quantitative Analysis of Borehole Strain Rainfall Disturbance Characteristics at Lingchuan Station, Shanxi ««s«scsesvesesevisniiiin

- WEI Kaiyan, CHEN Hui, LI Ying, LI Huiling, CHEN Yongqgian
+ Academic Exchange ¢
Research on Disaster Information Extraction Based on Post-Earthquake Public Sentiment
- YAN Xiaomei, NIU Yanjie, WANG Ning, XU Zhenpeng
Design and Implementation of Shanxi Earthquake Prevention and Disaster Reduction Media File Management System
- LAN Sixuan, XU Zhenpeng, GU Liguo, LIU Junfang, YAN Yuanfang, WANG Ning
Research and Application of a Device for Preventing Water Backflow in Seismic Fluid Observation Wells

- MA Yong, DONG Demiao, MENG Jingxian

27)

1)

(38)

(44)

Analysis of Risk Content in Earthquake System Government Information «r«-+-s«sees s ere s

- WANG Ning, YAN Xiaomei, ZHANG Ruifang, XU Zhenpeng
Design and Development of Shanxi Early Warning Station Information Management System
- LV Feiya, LIANG Yan, LIU Wei, GONG Zhuohong
Diagnosis and Elimination of Observation Equipment Problems in Basic Second-class Warning Stations

- LIU Guojun, LI Xiaorui, LIU Yaokun, YAO Linpeng, LI Yun

(48)

(35)

(39

Operation and Analysis of Shanxi Earthquake Early Warning Regional Network «r«eeesseeerrereviriniiiiii e

«+sereeeee LIU Junfang, GU Liguo, CHEN Cuntian, ZHANG Jiarui, GAO Xiang

(43)

Analysis and Suggestions for Faulty Operation and Maintenance of Linfen Geophysical Station Network «ececeeveeeeecrivianni.

- ZHANG Congcong, ZHANG Hongxiu

(46)

Development of Water Level Calibration Software Based on VB Language «+« -+« s+ s eresesrntessnntitintiiins ittt

- WANG Yongjie, MA Lei, ZHAI Shiheng, XU Wanjun, WANG Bing, WANG Li

* Work Forum -

Research on Archive Management of National Key Construction Projects

(53)

Taking the Shanxi Sub Project of the National Earth-

quake Intensity Rapid Reporting and Early Warning Engineering as an Example «ccoecereeeerevnrininiiiniiniiiiii,

- XU Zhenpeng, ZHANG Ruifang, LIU Minjuan, LI Yuanyuan, ZHANG Zhengxia

3

(48)

Current Situation and Prospects of Campus Earthquake Warning Science Popularization and Publicity «c«seseereeriinn.

- LAN Sixuan, ZHANG Ruifang, CHEN Cuntian, XU Bo, ZHANG Xinyi
» Seismic Disaster Prevention and Mitigation -
Research on Earthquake Prevention and Disaster Reduction Capabilities in Rural Areas of Mianyang, Sichuan
ceseesesee GONG Kang, TANG Yueyang, LI Guochao, LI Guiyuan, ZHANG Ying
» Antiseismic Engineering «
Seismic Vulnerability Analysis and Seismic Isolation Performance Research Based on Yingxian Wooden Tower

seeresenne. WANG Leilei, HAN Xiaofei

(51)

(53)

(33)

Application of EEMD Modal Decomposition Algorithm in Noise Suppression of Vibration Data «x«sceersererniiniinnnn .

- LI Hongwei, ZENG Jinyan, REN Ruiguo

* Requirements for Paper «  «-+-«-«+eseveseseeennevneeee Editorial Office of “EARTHQUAKE RESEARCH IN SHANXI”

(40

(56)
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python(3):35
Q
quantitative analysis(4) :27
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rupture direction(1) :5
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shanxi warning(3) :35
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spectral shift method
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station not triggered(3) :9
T
tectonic model(4) ;1
text mining(1) :1
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time-frequency analysis
(2):14
trace hydrogen observa-
tion(2) :32
troubleshooting(4) : 46
v
VB programming lan-
guage(4) :53
velocity model(1):10
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vibration data(4) :40
w
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warning station network
(3):21
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wavelet transform(2) ;14
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X
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