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The application of TST system in exploration of Karst areas

Zhang Qing, Luo Zongfan
Hukun Passenger Special Line, China Railway 20th Bureau

Abstract Tunnel geological prediction technology is effective in the protection of tunnel
construction, widely used in construction of China's railways tunnels, highways tunnels
and diversion tunnels. Using Tunnel geological prediction technology based on seismic
reflection theory, it’s easy to find faults and the other wide extended Geological body, but hard to
find isolated irregular geological body such as karsts. in order to find effective
prediction technology fit for karsts area, this article summarizes the seismic wave characteristics
of seismic wave at karsts area:1, karsts with complex irregular morphology is difficult to the
format an effective reflection wave;2, seismic waves mainly spread in the form of scattering with
weak energy .Taking into account the seismic wave field characteristics at the karsts area, | try
using the TST tunnel geological prediction technology that is based on the mixed model of
scattering, reflection to forecast. By the post-excavation verification, we confirm that TST tunnel

geological prediction technology can accurately forecast in karsts areas. TST tunnel geological



prediction technology has achieved good results in the application of Hukun high-speed rail in
Guizhou Karsts region.
Key words: Karsts; Tunnel geological prediction; TST; Velocity scan; Directional filter;

Migration

Bty BB S E Al M T TR e S I AU, R
TR AN ARSI T B0 M DX 1) VG R PN fi M X BT 20 A 1 T 2k, AEIX ISR AT i is
AR AP E R U B B AL T a0t i I R LT G Y, DX R A oA
EEk, MG, WIRKH, AW BUR URNCRA X, A BOFea KAL)
A R BT

A B T it 1 R M ST S AR T BT B AN A AR TR IR
b TR I R K o (AR I 22 A HAT AR, ROk B8 b B AR BT B
TR S S BV AR TR T 3 S AR AR PR A K, AR, 432 T8 iz N A
BAELE 8 B GRRE  0 TR AR R R PR 4y SR A B0 5, DR AP 222 53 Kl
BSPHAR 55t AP 51 S S BEAE (18 1 OB i PR BT T e A, MEREAIRT LN o XA
Pl 2R B At /N TRt TR 1) T - S S BV P b SO T T g AR D e U A3 5 4R
Y ERRE PR IR, RN R U R BRE IE  , HEINT R S E R
KB M. miE. PR, AWIEERS: 2HMER. FlEanthBke,
FCHROR, TR NIRRT XA, BV, RIAAEIN, Al RN T3
SR, IR PO TR A R St MR S LARUN TR AR . SR e W X R
P MIRFAE A AU G T M SGE R PR AAEAT o BUS B ISR . BRI 55 S
AT, ARl I FH A2 SR PR B AR A B, 5 N P B BT R AL B AR
TST Hb 582 iy PR 2R 09 A2 MO M 2 AR B (1 B T TR R ™ 0 A SR AT B
T B ) TST AT FR AR SEF 45 G i T A8 A5 SAR TR T iR R D e 12 i b X
JOCRE I T ) 0 AL

. TST B&iE Hb FRsB Ry TRIR B A
2. 1 BUH# G HE AR



TR T TSR IS B T R A PN oA R 8, e il DU T )\ 7 A% 4, 3B 5 AR AL
Frn HUSTRE . AV MR AR B BT S I I A A S BN ST . s A R
JEIE R T H RPN, MR AR AR T (1 S B, SO IERER N, IR X
S AT NS A4k

TS I R RS /N T RN, HBRE A1 ) A R IR M S BEAE RN B AN RAT

(KI5 160 5 1 AR A ot i DU\ 4 o 55 SO BAHLE, UM B RE RS, MR

Do TESEBRMLBTAAT N, WEATBOE TR W72 b A5 TR (1 RO 1R S i

WAHGRAE . KX U X RN R B RO TR (& 1D,

LLi-Z=dn
- o *-..
r, 141 ‘“‘i%%
! HE S BT Bt sk -
:Lé%;::::::ﬂf vl ) VAT
- Ea
| ey L
\ gt
.  HEEsE — 9
~ ottt ’
e

K1 B SR AT TR U7 (Tunnel geological prediction model)

S X S X0
t
y +\\
h ©

&R I] AU R

K2 RESESHESFISHA (Mixed model of scattering and reflection)

K S5 RO TR SRR (I 20 R SR DL HICH B AR AL, 3 SR 1%
SN SR AT RS JFVAE A 20 B B T 7 (R RS eSO, KA TST HIUH 494
FRBIREASHAR . 9T TST HuT AT TR 2R G0 403 A B ) AR BOR FE i, 7 i it
LSBT A R A LA B R AR TN (RO R e EE SRR K Bt SR R 2 RIR,
HEAEAS A2
2.2 TST HARALE LS R AR R 2



TST FRJ I PR 5 i B P45 P b SO A A I D B8 B0k 20 ] 257~ i 7
RIS VIR IR, S PR e s R b S B B0, s R e IR A 1k
TOEREE, SR 7K s Rt i s P A 3 s b T 5 A (R A PG OR MBS MR T AR A4 o M 32 i A 11 45
T RN AR EUE SR, SRR MG R, AEBGE BR horh AL B R Mg
FOUD M, BRI A BUE, BOE G I sty o 0 s KPR (KPR 2245 A K
SCHUFBORE, WURBETEAR RAEH R RALZ R, AT E Wy AR s 1A s S R K,
RBEIEAR mAE R KALZ b DU T R e A AT RE 25 A K B P 357K i
FIE R 70 WY 20 70 AR 7S R AR F D, 2 2 S AR IE I 57, AR O IR
[N R N 1 716 T U1 B TP N e S AN ) S o e S T S (SN R e 1 S
BRIKIFIRT ;S WA 22 A A A ARRAAAE DR o 20 W 25 S0 G Hh DL DA R b i T
G e P IR W TR o W3R 10 JrEAT L TR K, AR BLAE (8% Pl 4R Lo B RS ] 1) 20 2 SURE f 5
VAL 4 S S T AN RN, AE S PR L s A £ A S AP

=\ AL

3.1 JEREH NP2

SREEBEIE AT BTN SR8 AR B, HiAb 2 B A IS R R X, X A O
IR, BEHEDK A iz e J A T BE 2 B U Py L T, gk B 2454, 3m; SRfI% S A T BE 1
I FE R A, MR TR 1142m, AHXTRZE 1312, 4m. BRIE ORI DLBRIRER . A
Mo AR, H AR A A SR AT MR AT K2 AR, WAL il
s o

Btk X 3 K 2 ¥R, BRI 1 S By o A D L, BRI X R K LA ]
KR, AKERUN, WY A KRG 0. R KSR 320 58 DY R AL 2 R
K HEEBGUK. HRK. ARG E A AR BRI fad
VA, R TR, B BRIE DR A R BT, AT RA RN — AR bR,
ST AT T TR o A RPN S P B A 0E 111~ 5 D1K841+495 1[I {75 150m ) 1L JFT 1% 0 o
3.1.1 TST $u¥E kb3 45 5 B o S At R

WL TST Bn AL B R8s N . RISt v gEe . T S R AR R
G EJT M BEDSOU IR, G4 RIS B, 19 3 R B A R A,

K3 Bs.



S| EESH O 20 1KS41+495

S il Bl il Sl Tl e el il S P Bl sl Sl Bl bl Sl Tl Sl il Bl S it

----------------------------------------------------------------------

-------------------

[ [ S S [ S S [ S Y S -

2200——— —————— t—— —————f————t——
D1K841+423.0 DI1K841+462.0 DI1KB41+5030 D1K341+543.0 DIKS841+583.0 D1K841+623.0

K 3 2}kl 0 F S E 4 (Velocity curve of the entrance of Doumo Tunnel)
A5 FH I 5 [0 8 b 5 B R o A 4 B (P BE o AT, AT IR BER A A%, 15 8Kl 4 i
I TST A IE R BEARAS MG, e S B T 3 7 TR AT 7 1 SR S R AE

SO S01KE41 +495
DIKB41+4230 DIK841+4630 DIKS41+5030 DIKB41+5430 DIKS41+5830 DIKS41+623.0 £
300_ L L L 1 1 ' L 1 L 1 L L 1 1 1 ‘ L L 1.93513
20.0- : \\ \ \
10,0 A 196701
[ a agagaaga
0.0 )
q a [-N-J-0-0-0-0-]
10,0 ,/ /
0.0 // : / / 0.95922
'300 T T T I T T T I T I T T
DIKE41+4230 DIKS41+4630 DIKB4I+5030 DIKB41s5430 DIKBA1+5830 DIKBAT+6230
1.93733

VE: B RO NE A RS FLA R DALAT B 2% (Black box is receiver and shot points)
Bl 4 S} SRR G E 7 5 M R 1 W i fs. (Migration image of the entrance of Doumo
Tunnel)

FUFIEE 3 B 4 JF S TR 45 SR B B BE 111 3 DIK841+495 - [HIHT /7
150m P3RS, mT R4k 3 BE (N3 1): {E D1K841+495~D1K841+526 [ b il A Fe i
PEMSEENERZE, RBERT, AW, T A SO Al s (E D1K841+526~
PERISE R PRI Y, BRRR
U AR MR e B, R AR, S T AN R R S R

D1K841+603 B [l A fe e 7E D1K841+603~D1K841+645 B

1 FEEREH OS5 TST UGB a7k 45 3 (The prediction result of the entrance
of Doumo Tunnel)
WL CVP)
Hig K (m) R &5 HEHE Wy
km/s




B AR IS WAL P

LA, FERUE MM SR

D1K841+495~ 31 2.9 e, BB E , a B,

D1K841+526 I ATAEAE I By o LS A
IV 4.

D1K841+526~ FEL A ASE H FH e B IR AT, 2R

D1K841+603 " i WRE. BlAN I 9.

B A A I A P
LA, FERUE TEA e R

D1K841+603~
42 2.9 B2, MBI E , A B,
D1K841+645
I MTAFAEWT 2 SR 55 S )2 . LA
IV s

R DA PR 45 5, et Tk R v, o) Bl RS 1t A o8 B 3 2 ~ ZE B
NSRS FILAE DIK841+495~D1K841+526, D1K841+603~D1K841+645 BLFHI M 5t &
35+ LLAMERIRKACER N R M AR 7535 508 T 5 7 3 5 K T A 3 R R K I B BEA TR I .
W, SR 2 D Re R LA TR B R
3. 1.2 HEEKPHEHRIIS R TST 45 2% LR uE

AR B A BT 45 L, i 7 (6 2 IRBEAT TR AT AR ERIN, SRR B
D1K841+506~D1K841+517, MCAMAAERCRWR, HAM L. Wy, B
DIK841+517~D1K841+538, ICALBHAT HESEH B R 2N, BhEALALACH R, HATH Uk,
HIALHI X BT B A7 e 2

AW I TST TR 45 -5 8 A P B ERI 45 AR ELS E L, BEWIBRAT IR R 0 45 2
(¥, M7E D1K841+495~D1K841+526 BIFRIL A AcE tEM e M 22, R E, A IR
AR, 3 T AP AE VI B RE Y, 5 B AP B R 45 RIE AR T 5
3.2 RMLFEE 1645

A BRI 4K 11882m, 3k 1 HLFE DK852+772, Y 1 HLUFY DK864+654, Bl A £k %
M, BRI TRV A 9063m,  ( AxBEKC K 76%. R L B T A S T e L 1
i e A, RS R R L, BAORE, AR R AR, R
F i~ SR £



R B B W R AR i A, XIS 7 Ak, WDERIE VR 11 &b, R 1AL
W O TREIE LT -2y 43m), 7 Bois BTG AL T KA N, B Bk A T2 1 A%
i, NN ZEEER AR, O T R BEIE .

3.2.1 TST $u¥ kb &5 SR J i e

12 TST Hffa A BERUREAL B 45 2 0 B2 IE 184457 HID1KO+808 1[Iy /s 150m

iR NN RS SN S SN T EE AL ST F

F il fEiE 1 #8:EH1D1K0+808
33[][;—{ ------------------------------------------------------------------------ S
3zuu—§+~ deeet joeet 3eeet doeet 3oeet : denet 3
|
31[]|]_i. ................................................
|
R RN IR R T O L N O L O
2900 - - - - T T L Joebendnes T AR EEET TEE RS T T deabenees demobensmands
2800 I . 1 | I . ‘, | I ' l | 1 . I I I 1 I | I . .

H1D1KU+883U H1D1KU+8430 H1D1K0+BD3D HID1KD+?E3I] H1D1KU+723IJ HTD1KU+533U

B 5 RAphilipgiE 1R 4k (Velocity curve of the entrance of Dadushan Tunnel)
A5 P 7 [ b R 5 R 3 4 B TR BE 20417, AT VR BE A %, #9301 6 i

NI TST RAIREIR BEHS BfG, € S W T 57 [T AT 7 1) b A AR A

FoiBLL fEE 1 #EEEIH 1D 1K0+80

ATDTKD+BB3 0" HIDTKD:843 u HIDTKD:030 HIDIKO:7630 HIDTKO+7230 HIDKD+6830 £1
20 0l P el T . 85119
20,0 \
10,0+ \\ E5657

q a aa ﬂﬂﬂﬂa'
0.0
q a aa ﬂﬂﬂaﬂ

10,0
20,0 / 1.63536
-30.0 T — T T T

HIDIKD+B830  HIDIKO+843.0 HIDIKD+B03.0 HIDIKDS7630 HIDIKD+7230 HIDIKDsBE30

3.46421

Vi Pl BN R A s AL R AL AT B A (Black box is receiver and shot points)
Bl 6 Ml BRI TR b SR 3 R A% 18 (Migration image of the entrance of
Dadushan Tunnel)

LG 6. K6, 2GR RVORI SRS 0T, SRR g5t 18
H1D1K0+808~H1D1K0+760 P i Fil A B VR Se S ME A 22, S ARV 7T, 8 R IEE R,
K, EREE PR AN, BEAFE R IALA R AR (F HID1IKO+760~H1D1K0+658 Bt [l

FRE MRS R Ly, R E . TEILE 2



2 KMuliFEE TR TST Hu iy ik 45 (The prediction result of the

entrance of Dadushan Tunnel)

B VP
Cibe KA (m) TR 25 S AE W7
km/'s
BRI W ] I
LR, IR PEA e sk
HID1KO+808~ Bz, AWRBERE, EHE
HID1KO0+760 * 0 TR, 17K, AERETE T Hh A,
SCAFAE ARG WA A A
IV 4.,
HID1KO0+760~ B A TR RN e BV 4, 2R
HIDIKO0+658 o H RH, BN TIT 2.

FOH LA TR 4 5, @80t T 7 E H1ID1K0+808 ~HID1KO0+760 BN insim sz 7 % Hi 3tk
JURIE  LLAMRK AN IR MR Y208 57 T 7 5T T AR AT R 7K DA T4
.

3.2.2 HFEBHRMERE TST 485 LAk

AR R T ST PR A Rt R PR E R W TR, R IR ) 5 TF 425 A T e e O
FRGUK L. FF#23) HIDIKO+784, il 1.y YESE T IRIBEAT T MO BT A -0, IS5 -
TESFIIHT 7 0~ 10m RBESE I Y. HUREB S AHE S B0m, S as,  [RARRE k18 2E,
. JIWTIEIX B A 2 R, 5K, ATREA )3 . FESE T HT 7 10~30m ¥R
VO ] A P D S AT S A, R A, [RIAHARIS S, AT TSk, W1 I X B
RRRE, ORI I, BRI, AR IR

I TST PR H G LR TG0 BT TR IS PRI 45 FAR TS EEBAIE, 7T A AT
JIT A TR 5 R 5 0t T TR T A SR IEAR T £, DR TST TR B ERAIN, B BUE & HN .

. gie5itie

AFEFEET SON B TSP AFEOR,  {EA R S5 i i S AR X, R TST ke A
i JF TR B A BE 6 0] 51 T A7 MBS DA 28 MERRIRIEA T Tl o SO 13 SR T



FERTIIRECAR, W1 TSP BRI R ERIR « IRahe 1)l o AN A S I DX K I o T 3t o T
HOR I BE T BRG 1 TST HOR, A W] 1 BERRIERE L L KL 1R 1
TR 5 150m Py 3t 5 0 USRS R PR3t S 0, R 17 BT 1 i 5 o AR B ) A
U L AR LK R B R O, TR AR 8 R S B 5 DR AR — 280, DA Jl 105 4 i RIS 44 it
SN T HERR IR TR, B S T TR SRR A A o AN IR T RO BRI TST BoRNs
VAR DX T AR M ST TR AR B3t 1 I 2256 o [ I 2 2 A 5 ke i A v AR 22 1) TST R4k
MTBZ, WERWE, W R IERaR, AR Ay 3R i g R . it
—IBETU R B L ARTEAL (R B A PR, N A DR 3OS TR 45 R R o T B
VAR A PR B AR ] SE 4520 A B AT I AZ i, AN =R P SE 491

S Bk

[ 1] 8Kst. P ETHEMERY)EFIRERE S AR LT 1 . HERY B2, 2002 , 17
(2) :301~304.

(2] Hoad. BEEMGET RIS . HiBRY) B0k, 2003 , 18 (3) :460~
464.

[ 3] B, &k KERERE TREATREARIR T 1. ARKIL, 2004 ,
35(9) :15~17.

[ 41 &&H, fild, xJE{R. TSP 203 72 KSCPPREE RN [T 1 . ek
PP aE ke, 2005 ,20 (2) :465~468.

(5] BKDE, ¥, BEE H T §T AR BRI b Sl e [T ] . A #kBEIE. 2010, 69
(1) :1~7.

[ 6 ] BUKDT, B TSP203 AT AR BCARMIBE S TST BORMMT LT 1. TRHERY)
B2, 2008 ,5(3) 1266~273.

(71 BEml, WHEH. TST HORTE DM s 23 i T A% B T iy S i sp i s I [ 0
TREREE, 2010, (7) :89~94.

[ 81 gk 1R B o MBS RFER ML 55 R, SF I BEIE 1 11~ S A
PRSI AR  [R].

[ 9 1 k= RERNY EE L i MEBC TR I T E S, RALBRIE 1R % 7
T b J5 7R I ST TR (R



