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Abstract

In the poor self-stability of rich water sand pebble complex formation in underground shield construc-
tion, not only construction technology is difficult, but also engineering risk is high, to reduce the con-
struction risk and construction cost, an urgent need before shield construction to more comprehensive
and more accurate regional geological information, traditional geological exploration method has ob-
vious deficiencies and defects, it is difficult to provide comprehensive and accurate geological informa-
tion. In this paper, civil engineering Standard 2 of Phase I project of Chengdu Metro Line 18 is taken as
the supporting project. Aiming at water-rich sand pebble composite formation geological exploration
problems in Chengdu, the micromotion detection technology based on the H/V spectrum ratio method
is introduced into the traditional subway shield construction project, the technology can maximize the
geological information blind area, and help construction units reduce the risk of subway shield inter-
val lag settlement, reduce the cost of shield interval geological exploration construction, and provide
valuable experience for similar geological exploration engineering in the future.

Keywords

Shield Tunnel, Water-Rich Sand Pebble Layer, H/V Spectral Ratio Method, Micromotion Detection
Technology

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

B T E U R, SRR B NP, 38T L R Y E M T R T R MR T
WHEAS @ BunE, FIARPIE S B RO T B, B U AW A W AN, Ak R R X
TR AT 24, it 0 BERRER  o DAS A L DX Bk ¥ 5, 7 IS Pt T R v S B M T
BB BRI INAE R HUNE SRR SE — RA R, X XEERTEOL, DAR AL Sik
BRYELTF BOA 1 M 7 A7 B R RN A2 s b A IR 2 L BUTIRRE D 22 5 5 I R
PRIMAERA A S . B SR HL S BB X 2 5 BB R Mt T 22 4 [ S R A 22 4 2k [ 1]

WAHRMBEARAE N — MR REAR, WMEESHRERAT TR, ZRE. TMFESFMLA,
RN T RA T TR i TR B LRBIEEMR A, TR s . AFRE )RR
FE. MEREDGERE S R, RN T R G OSSR R IE B RVER, IR T R 2 (R
RN IEA T BL[2].

TRENERI 75 AR 18 2 AE 20 20 50 FEARHR Y, 1957 4F, HACHFE 2 5K ¢ Z A1 — (Aki) A
SRR T — 7l NGl 1 5% Hh R ECIH At 4 1) 7 ) [ AH DG U7 1A (SPAC 25) [3]. 1971 4F, Nogoshi %542
H T HT HT J7 —— 5 50 LEYE(HVSR, HIV B ELiE) [4]; 1989 4, HAN2%3% Nakamura ) 7 Nogoshi
Al lgarashi T 1971 415 265l NI S 308h HIV W5 ELYE, 20500 A, 38 B g R /KT a0 5 AR LA
gEOL, T DLBEET 37 b I L BT R RN 7R B K R 2K (5]

2020 4F, FRATHE AARIAZT 55 N FHE T HIV 3 FyZ R MBI 0% r 3 i O i o 23 ST (6], #3281 T 2K
HIE - RER R, SRBOMEFRE T 2 a0 W, FE, s SR mei iRz f T
PRGBS 1], RAMBI HIV 77, A5 T 7 HEae i R s 3R 2 G5 650 00, 453 T 5 5 5
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JR A TREFIFEM o

ST, ASCUUSAER 18 S TR+ 2 SNt RS, T ERTFERE T HIV il BRI 1
ARAEMER TREREIRNAT,  DAYIXE T R RIS AAE i P S g B e A0 SE AR AR 1

2 MEhFCIRIR MR R
2.1. WEIEEX

by 2R3 TH] R A A2 B AT DU AN MR, IR AP 5 S PR MRS, X RIRBNFR NSl
(Microtremor). & 1) 3 EEHF s A RFE (R A A IR SE (A, 72 (A) | R IRIFIRR EE. TR R
B, AN (1 sh e S AR [ R B2 (R P [ 7] BLIRBIRE R L8 107 2 102 mm 2 8], nidfE A
1~100 pmy/s?, FAZR G B LE 0.1~50 Hz YEF, KT T AMTREW BN R . B3 19 ek, &
TR ) H DA A R 2 ] DA SR M R AN S Bl . SEh = AR IR A AR HEVE S F AR R, 1 A2
BNFLE SRR 2 TP AL ARSI 2 AR BRI ARG, RIS 5 IRt I Rl R 2, HAR S 2%

Mo F il bR G, Eh s s B A i R T I B 5y, FLAR B AR [0 25 [R) ORI,
K. WEMES WA EEIMEE. X EESMINE TR MEREILHI L E S M55 5. MEhiih
NI 37 b JE 6L I A 4R IR BT AL Jl,  AFTEARBIRIBEMLYE, (BR7E— & MR EN, T E R
BENLE AR, BT 2 ERGT AT, MEE SEERE T, R T i Z F I RHE R (E B8] IERXFA
W BT T2 A 0 1 2 [ R, (AR N5 S AP FE R ST R . BRIk, T Dhdd RIS 5 R i
I AN B E M ERE R

2.2. HIV &L 3%

WL, e FALH —A> =2 B i 38 I 2 3l 7K ) — 2 B A (HV) 1% S5 3 i N
St S PEABOR I FARL. XKW, THEhA) HIV 50T LU Bz VT, DR i R LR )2 1 Vs
B, AT DU A R 2 R AR . 36T Harkrider $8 AT AE 2R 25 AL I FEIE[9], Arai
A1 Tokimatsu $& 1 2% REFERY K B Th B i AR A0 2l HIV 1% B A 20[10]. M AT, @
Vs HTHTHE H P EES HIV B 57037 B0 sl HIV B GEAR AP HB LS, #H =, @i x s HIV il
(S B BEAL T H A Vs Z544 . Rk, HIV B Eikna] DUE IR ZEIR T A, 15k R 2 450

1(@) &~ T HTHES S HV 185 EAR . b ERRMER R N A T AT 3 50 & i [ 2
TCIRBAVEA AL K[11]. B Z AR H S5 po P PGESE Ve M1 S JRJE Vs NHFAE. R, RIS
BN o WIS KT i 77 0k B )R] 2848 (o) R L o) 75 B VLI 557 (S A50) BE 25 KT — A I 2 B AL
S A OLE 1(b)) [12]0 EARBEAS AUURER = AL H I FAA YR, IR EATERIE AN P AL 4%, (B A LU T s ek
DRT b i 11 B AP 880y SR 9B A R UK T — N [13] [14] (W] 1(b))ist (A 3o

Dk, AES § AN SR TESIURN o I P2 AR IR 5 m RO 1 3 B RUKCSE 20 B ThA ] R oR oA

PV\;{m (a)) = I‘\2/ ((0) A}gm (a))‘H((JZ) (kRmri )‘2 eXp(_thRmri ) (21)

H? (k r)rexp(—th r) (2.2)

Rm i Rm i

2
Pl (0) =L (0) A () £
X, AR T, k2R, ulo A BRI HV EL[15], T R ZaRmFg,
AUREIE A MEEES, HP R n B4 2K Hankel B3, h 22 AU LB H(h > 0). BRI, M
i AR SR AR IR o BIEE m B8 9% Uk /KPS D3N
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Figure 1. The theoretical model
1 EIRiER
1 2
Prtn (@) = 5 L (@) Aly ()| H? (ki )| exp(-20ky) (2:3)

A, FhR L ONEIR .
BBEAE FITAT ) PR BEST TR, R 5% 3P T AT s S 25 i B R AT 8 i 59 AT BAAS 21
R LI ) () T AT PAEAREEN oo B P2 2R 1 3 BB OK P A IO TR . 240> Jgpun B, HP SR

@ 2.2
[HE (et = (2.4)
Fia el NG, TR, Ragi N
R0 Bao) i (o) o) -3 3 0 (4] 29
Pus (a)) =Py (a))+ P. (a)) (2.6)
Horr,
Por () = Pli (@) = P, (o) = kmi[ﬁ:ﬂj (%) {1#%2(%) } @7
P, (@) =Rl (o) =k ZMO(%J&’“J (2.8)

X, k=(2/h)exp(—4nh) , a ZREIINEIEK HIV E LHILV, Pys(w) 1 Pys(e) 72 R RO E 8 oA
BAEIFEN o I 724 1 T BRI 3
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LRI o INERFIE HIV L (9} T H L (gj B TIEE BRI A R L RIL

R S

[glw*=§j3 29)
S e
(D=t o

Matsushima F1 Okada f& i, R/L [MEFEETE 0.4~1.0 Z 6], 7F 0.1~5 s [ & WG [ N BB 244 0.7
[16] [17][18]. EEILL, BARNUFHEHIEAAMZE T R/IL FIEIHE 0.7,

RISy o MBS HIV 5L (3) (o) FikA A

m

(g)m (0)= JPNs(w)wEW (@) 2.12)

v Poo (@)
X, Pup(w) & EIE B E I D) 2615, Pys(w) 1 Pew(w) & P4 HH B IE A 7K P32 2 fd Bk Dh 2R 3
3. BRI AE M ERENEIERE
3.1. MUEREES
ATIEM N F BREZN S EKDIARERAHEZ, ZEE BN I atEAM a2 .
SIATRENL, T H SV EKER, BAEEAKIE. THEEZE, MUSELE. BKeeds, Hiam By

ALY, AFEZARES . EIRE A2 T G Mt L, AU TEARMEE R, 1 B TREX
BB rr, DRI i T2 DX TRt J2 1t 5 T AR 0 A JE A TR B 3K e

3.2. BEREME

KH 7 & EPS-2 (B4 I #E SEAUHT 1R OGHAT TN B di R AR . M B LA =/ B R LS. SR
WAL + GPS B4, M7 B 4. KBML KA. ZIGBEE Bk, Bluetooth 55k L ke n] 78 FRAE A jth, G
FATAT AN AL YR D AT I 2L T4 30 R LA b, &Il s B EAR A R AR, AXCHS 22 ) (1% [] 25 R ] A8 138 i i
GPS P Ef5F5 HBLI.

3.3. ARG

HRIEII RGBT N, S5 S RIE TR —— RREPUIE A0 18 S St 1L Bt TRES KL, IRAE K
FE LRI SEP s O & TREF R, PRI m BRI, R 7 WABE G, 2N 3 m. 241
M2 A IEIEATBE 3 m 42 HAWAZ RN, BOH 2.5 m & B2t AT .

4. WEHBELBSRE
4.1. MEHEIEIREWL

1) Hak X
AN KA JEE %4 9 MiniSEED #3(, SR Steim 2 77 sUH4f, 1% 2355 =47 12 Hh 52 Hde b 32 SR AN
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2) Wikt

Bl AR E AR FIRE MR T, AR SKbr iR R RE, FETIMEA AL, ERFR
oy LREME T R ASIEIT 22 8 S BN ATE R0, X S TR I 55 5 2 BUR KT FAL AT
it X SRR HAE BEAT — R VIALEE, SRR EE AR LE, BEKLE AV =R F5 . BIlEE
Hwte. Borig.

4.2. HIV &L E B ab T

4.2.1. HIV #1232 BN

MRS (1 J5 26 1 30 B0 A5 5 F B JOCTHT 8 B 4 SR b A0 A oty 288 2 4 5l A0 Ak 2R ) DG HEEBA T o
Nakamura $2 H ) H/V 135 b2, & ) A 2 68 7515 5 1 K ST 20 B AT A 3 43 B A LUk I Je T b 3 1 2
gEH, HIV R EU BAR D IR R

1) = B EE IR
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Figure 2. Three-component data extraction
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2) WL e 3L
RABEGRE 7 5 RS EE, & E AR, WA HV 2, SRR & R A
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Figure 3. Fenestration for denoising
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5) HIV HiZE 42X

T SR 1) HIV 35 8 SCAFIEA o BI7KSF 7 T AT D) 22 1% 5 1 B 7 a i D 32 i 2 L, fR4E A
(2.12), ¥hpE iy Q MHE 7 il L B, BB N NS 55(Q = L*N), W28 j i 56 i Bk AT i B AR 3,
XF X 7R ERTE AR B (R LB, #HTRAISAISREY NS, EW. UK =77 _EIhRag, dEmsRE HV
L, ez, ik 4 s

HIV S AR T REE S MK E R SEE S ENWE, w5 for, FIH =08 R CCREHE
A DASRSZ AL B SR HIV /2R, 72D s 25 A AR AN R X 38, ) R G FE 7 15 fUCES 23 SR HAV
AT PIIA R, DA i i AR e 1

4.2.2.HIV R&

1) HIV 2 b 22

© LERMEHTHEX (8]

HI ST ECHR A B AT 2 HIV R AEARIBAFAE DB B, T RER AN AR B S e R R &L 26 (1
SOME R, IR RIEANEAE L, GG KRB OUR N T 2 S 2L 1 X 8] BOdEAT SRR, Wk 6 B

@ HIV i 205 4 Bk
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Figure 5. H/V curve calculation results
5. HIV kIt EHEER

X F HIV 2GS REAE B S (R0 A, — Rkt AR AT SR M 2 54, T AR BRI, T i d%
AR AT Fou 2~6 HZ A3 X [A] BE B A AR X [0 B AT LA, il 7(@)FRs 5T 7(b) HIV iR
XU RFAE 2 it 2 AT IR IS B0, — MO BN BRI 2450, 77 2B 2 P )5 LA 2 IR K,
DR bk 3 X 4 432 X[ BEHEAT 40

AR HIV MR 5, #1758 ST R Z A5 SURT, ARIE I X SEBriE i, R B — IR E AT Fy
e 4B HIV 28 PR A T 0SB AN R 2R i HIV 2R &

2) S

© IR Fo &

L YDKZ5 + 940 il s ], Wl 8 fioR, HIV LRI A MR ) BRI AR 5, SR B — B AR Fy
AT, B LA T IEMEAR F, $REUE R Vs HE I, 5 S2hrglifLbnE i 215 B HA 5.
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Figure 6. Test point ZDK 15 + 135 data points to intercept the contrast
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Figure 7. H/V curve fitting frequency band selection
7. HIV BhZ L& STE R Y

@ 4B HIV &G

1E S AR 3t € BUE s G TR R A2 rR,  BL YDKAS + 330 WA o860, a0l 9 B, HIV #iZk R
AR i, R AR HIV IG5, BUFRIE T HIV RS, RXUEEMER Fo &7
E—E R, PEHSEI VLSBT, AT B SR H b 2 60, 25 D ) X ) PR ARG 2 B

4.3. BHYIRE

1) ATHi+

AXBEP IR Vs < 250 £ m/s, HIRBERTIA BB NN THE L. SELERNENRESHRNTIH
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ONELL UNA . EHRES, AU TR IR e R R, RS R A A A, TEGEE
HERY)EE MR R B A5 T bRl

2) FrJokh 4

FRGHRE Vs =~ 250~318 m/s WA ZMBBE M EMNLE, S8 ERRENREHSGMER. itz
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Figure 8. Test point YDK 15 + 940 inversion results
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Figure 9. Test point YDK 15 + 330 inversion results
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R RS IVERIC

5) )=

MBI Vs =~ 630~795 m/s I E VEMRRE R )=, A RN 2 Y 1] N (0~30 m) ek i 73 A T i
M52, STRCTFE LRI A R G O A(K0) IS, 1E S8 a MU BRI R AR B R B P F A 5 ViR

4.4. WEFIEERRE
1) FRINT I~ 20 3 [X 18] (YDK5 + 50~YDK15 + 350 £%)

S Wave Velocity - YDK North

490

485

480 1
r . 5§00
400
470 ‘v
300
‘ -
200

460 — 100
15050 15100 15150 15200 15250 15300 15350
Distance (m)

Elevation (m)
»
N
(&

@D
a

Figure 10. YDK 15 + 50~YDK 15 + 350 segments
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Figure 11. Profile of the microdynamic detection results
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Figure 12. Evaluation of sealing effect of sewage pipe in underground concrete structure
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