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Improving the inversion accuracy of shallow shear wave velocity structure based on microtremor

method: A case study of Haikou Jiangdong New District

Abstract: [Objective] The microtremor survey method is not limited by the spatiotemporal distribution of seismic
sources and has become an effective method for observing the structure of shallow shear wave velocity. An experiment to
compare microtremor, drilling, and shear wave logging was conducted in Jiangdong New District. The experiment showed
that the microtremor inversion results were consistent with the logging curve shape, and the shear wave velocities of the
strata and the corresponding depths were basically in agreement. Thus, good application results can be achieved. However,
it was found that the microtremor inversion strata and the drilled strata did not completely correspond. In terms of wave
velocity, the microtremor results could not reveal an interface with a small difference in wave velocity, while the drilling
data did not distinguish an interface with a large difference in wave velocity. The study of the influence mechanism of the
two factors on the microtremor inversion results is helpful to improve the understanding of the microtremor inversion
model and to obtain more reasonable inversion results. [Methods] On the basis of a small or a large wave velocity
difference, a physical stratification model, a geological stratification model, and a combined model are designed. The
factors and rules affecting the inversion results are discussed by dispersion curves, low-velocity layers, layer variations, and
inversion method. [Results] The inversion results of the physical property stratification model can better reflect the
location of a weak layer. Changing the interface mainly affects the adjacent layers. Adding interfaces with small and large
differences in wave velocity increases and decreases the wave velocity errors of the adjacent layers, respectively. The
interface with a large velocity difference has less influence on the velocity of the adjacent layers than an interface with a
small velocity difference. A large error change is mainly caused by an interface with a small velocity difference, and the
inversion is more sensitive to an interface with a small velocity difference. [Conclusion] The practical application of the

microtremor method in Jiangdong New District of Haikou shows that it is helpful to improve the inversion accuracy of the
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wave velocity by merging the interfaces with smaller wave velocity differences or adding interfaces with larger wave
velocity differences, without changing the local trend of the layer velocity. [Significance] The 2D microtremor shear wave
velocity section was obtained by inverting the measured data. Combined with the depth and undulation information of the
bedrock surface provided by drilling, it provides a reliable basis for the site condition evaluation and the underground space
utilization planning of Haikou Jiangdong New District.

Keywords: shear wave velocity structure; wave velocity difference interface; inversion model; microtremor method
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Location and distribution map of the bore holes collected in Haikou Jiangdong New District

(a) Location of Haikou Jiangdong New District; (b) Position of the bore holes and the microtremor profile line
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Fig.2 Shear wave logging results in bore holes in Jiangdong New District

(a) JDSKO005 shear wave logging curve; (b) JDSK008 shear wave logging curve; (c) JDSK006 shear wave logging curve

B 77 %, 1% 07 1k AT DL Gk ) g 2y A4 3% R0 25 [R] 5 A G
B J7 57 ~F- 38 SFe AJ A5 R R, T AN R T U ) A%
Ji i) o =5[] B AHSCEE K & M AR B B, 2800 & [
B0 SR A, 1A B TR 9N E T
WHZIE =ML R T (181 3) .

3 2o A R S B[R], A [R] B BE AT DLk 3
Mg 75 905 8 o) 5[] X 50 43 A B RO, R s TR] A R D
L% T & B S R B 5 O 4 (Chavez-Garicia et al.,

2005; Tsai and Moschetti, 2010), H #H 3¢ F& £4% IR a0
A=

woy

U:(NHU; () =Jo< ) D
UU; (HU;U; () c(wp)

A oy (N2 A A FRH, 2R FIY eR AL
Ui(H5 U (HER R G 3l i5 6 sl iy 5= 580 3h £
B, *3RoR IR T 5 — B DL IE IR sRG wo
R y R B uliis G U R R c(w)h

Pij(f) =



%1 BB S T BN R O U 2 R ORSJE —— BL T VLT 0 8 13

— 2 W £
K3 #a®lekrERE
Fig. 3 Illustration of the microtremor observation station

r—Circumference radius of the microtremor stations

Rayleigh Tf I AH 2 B o 240 2 K B [ B, 3 48
R FR O 1 M EB R &, SEER I A R A — B DL 2K
IR R, B

Ui(HU;(f) < (27rf7) 2
VUU; (HUU; () c(f)

A& W o LR A1 Bt w] DLt A
S M L ¢ (f), T AR A5 R B A 400 2k

Tl B0 v 3 2Rk B A A SPAC ¥, B 5k
P S0 Bl i S A3 LA A BE B, SR T
130 58 B, B A& B B B3l (5 5l o rp ot 3R AN TR
149 245 2 U IRt DA A A A3 A, X A [ 4
b a1 = N DS a7 < el [T S g G W B
AH OC pR R, 8 3 O ) o 1 JE R AR A5 ) 3 A OC R AL
T 2 2 B D1 2E IR R B0 FLADL G SR A T, R &
BJATAH P 4k (e Bl AE, 20235 K 4) TR
JBE 25 AR Y B U v, AR A RS AR R R R, R
FHAS VA B 28 & 43 I8 R 35t 4% 539 B it B ] 15 31 37 X
M R A R U 8 BE 45 #9 (Cho et al., 1999; 4% fiil 2% 45,
2012, 2013b) .

pij(f) =Re

V./(m-s™)
a b 10000 c 0 300 600 900
1o wipumdoibwsntonad -
N " i
VAP O 4 Pl
i Mkt 400 40 :
i TR AP T
o> 6 A Aot A ; \ \
"2 A i oy TR - \ ‘J
i RS N N
3 T Witk 4 d“n‘ ‘lI‘F‘l“ > 5 ﬁ 120 |
P ) N A A A Y ) NE 7 5 \
2 bt Rl DS Y LG 133 %\
1 A — 160

0 175 350 525 700 875 1050 1225

TR =
200 BB

Fif /s

a— B S B s b WU AR5 o— 43 I3 R
4 Mot BBEEEAERE (HEMF, 2023)

P23/ Hz

Fig.4 Main processing flow of microtremor sound data (Zhong et al.,2023)

(a) Microtremor data; (b) Dispersion curve extraction; (c¢) Hierarchical inversion
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(a) Microtremor dispersion curve; (b) JDSKO006 shear wave logging curve
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Table 2 Results and error analysis of microtremor inversion in models 1-3

; . AL HARI2 A3

24 *‘?@?f fgffff) SRR R AR YRR RV X YRR REGE i
m (m/s) (m/s) m (m/s) (m/s) m (m/s) (m/s)

1 15.35 163.00 15.60 183.89 20.89 15.60 184.69 21.69 15.60 182.61 19.61
2 23.70 375.00 2230 391.58 16.58 2230 381.00 6.00 2230 403.77 28.77
3 47.00 646.00 48.20 695.34 49.34 48.20 735.18 89.18 48.20 664.50 18.50
4 52.70 675.00 — — — 52.65 461.90 213.10 52.65 451.50 223.50

5 — 666.00 60.20 620.23 45.77 60.20 558.77 107.23 — — —
6 77.70 714.00 75.00 711.01 2.99 75.00 724.49 10.49 75.00 768.07 54.07
7 94.00 736.00 92.50 769.67 33.67 92.60 783.18 47.18 92.40 752.54 16.54
8 109.30 793.00 114.00 811.26 18.26 114.00 817.55 2455 114.00 809.50 16.50

9 133.80 — 133.80 767.25 — 133.20 763.26 — 133.20 766.27 —

10 169.13 — 162.00 816.04 — 162.00 817.78 — 162.00 827.15 —

11 200.17 — 216.00 962.73 — 216.00 958.50 — 216.00 972.89 —
By tastiR2 4.58% Byt 11.42% By tstiR2 11.43%
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Table 3 Results and error analysis of microtremor inversion in models 4-6

T4 S iT6
o REOVE MR . — - - o -
S Ll e OVEWIE RBOGE AOIRE SVRWE UG ARE VRRE REOLE 4R
m (m/s) (m/s) m (m/s) (m/s) m (m/s) (m/s)
1 15.35 163.00 15.36 180.05 17.05 15.36 181.40 18.40 15.36 180.90 17.90
2 23.70 375.00 23.70 461.45 86.45 23.70 446.18 71.18 23.70 45421 79.21
3 47.00 646.00 47.00 634.36 11.64 47.00 707.92 61.92 47.00 662.98 16.98
4 52.70 675.00 52.65 480.12 194.88 52.65 495.54 179.46 — — —
5 — 666.00 — — — 60.20 565.78 100.22 60.20 637.67 28.33
6 77.70 714.00 77.60 804.12 90.12 77.60 774.15 60.15 77.60 757.40 43.40
7 94.00 736.00 94.00 746.26 10.26 94.00 773.53 37.53 94.00 761.50 25.50
8 109.30 793.00 109.25 735.83 57.17 109.25 745.37 47.63 109.25 739.47 53.53
9 133.80 — 133.80 825.48 — 133.80 822.23 — 133.80 821.04 —
10 169.13 — 169.20 867.89 — 169.20 854.44 — 169.20 858.23 —
11 200.17 — 200.00 921.52 — 200.00 902.97 — 200.00 909.55 —
Y kxR 2E 11.55% Yo X iR 10.70% Y5 AR 2 6.51%
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Fig. 8 Results of shear wave velocity inversion in models 1-6

(a) Model 1; (b) Model 2; (c) Model 3; (d) Model 4; (¢) Model 5; (f) Model 6
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Fig. 9 Comparison of wave velocity inversion for models 1-6
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Fig. 12 Comprehensive interpretation profile of the microtremor survey

(a) 2D microtremor shear wave velocity; (b) Geological interpretation
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