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Abstract: Karst collapse geological disaster seriously restricts the social development. Due to its sudden and
concealment, it is of great significance to take effective methods to accurately identify the potential collapse
location for the scientific and reasonable prevention and control of karst collapse. In this study, a typical area in
Wuhan was taken as an example to compare the karst collapse detection effects of three exploration methods,
namely ground-penetrating radar (GPR), high-density resistivity method, and cone penetration, in rainy and dry

seasons, providing reference for the selection of karst collapse exploration methods under hydrodynamic condition
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changes. The results show that the GPR has a good response to the disturbed soil within 4 m at the frequency of <
100 MHz. The detection depth of 40 MHz GPR is deeper, and the abnormal response of the disturbed soil detected
by 100 MHz GPR is clearer in dry seasons than that in rainy seasons. The high-density resistivity method

describes the stratigraphic structure more accurately in rainy seasons than in dry seasons, and is adaptable for the

detection of shallow and middle rock and soil structure. There is no significant difference between cone

penetration in the period of rainy and dry seasons, while that is suitable for soil detection within 10 m, especially

for delineating the boundary range of the subsidence area.

Keywords: karst collapse;

ground penetrating radar (GPR);

high-density resistivity method; cone

penetration; hydrodynamic condition; stratigraphic structure

VR IR A EL A 28 P AT BRI P, o R v
P4 25 V5 10 B o, AT SR BB 24 1) . A 3L 7 vk - B it
TR AR B A R L ARG A R
WL IS % & EE 5250 Wit . HhF oK
WG B A G, FEAE AL B | A R, 9 R A
[t 1 5 ] L PRl A7 A 22 5, T b R 347 9k mT DR
HR A 5T P 2 R A B S SR B I A A IS L, Sl T
B IR T 4 7 T B A b R AR Al

AR A AR R0 v B e v T 1R 3 1k
FARBT . RN EAHW RS, fFAE
Bl & B BAT AN E M, WK B — 0 W PR T 1 ok HE
HL R A 5 23 B A7 B A 80 1 0 5, DR b RS £
Pl 5 v R 106 A 0 DA o LA REVE AR . HATZR &
iy ER ) B 7 AE 5V I B ML 5T A v O Ok
J"¥Z, El-qady 45" iz FH M A 08 A - 4 510 17 b e e
BHL 3 J2 A7 AR A3t B 3 38 6 38 K T B 1 K R v 2
AR AT T R Kaufmann 559 5z ] #5005 A0
FHL, SFL 6 B A5O6T 18 ] 0 2R % L Jok v 38 A 3 AT TR
I; Anbazhagan %51 iz FH] b 57 Hy 18 Fl 22 38 2 11 I o0 A
(MASWSs) $ A X6F B[ R w5 37 7 — A KA 58 T b Y

2 BEAT TG o A 2 3 s F e o e B Rk

T2 MR S G i M BT ER GA T S T B LR
CT™, gt | e e 2 sh I k™, ot
iR AL RGN CTYY AR REE" Y &
W M R U T R RS R T Y AL
(] J2 AT B L A AR 3 RS I CT k)
H B — Aol LA A5 7 0 68 AN TR 3 DX B B ot
3 7 IR MR . A2 T7 ik, T TR A R
JEE v BH AR5 A 28 U0 15 0 1R e, B R S, ST T
AE T 58, 28 R A v 35 B P D0 v A ml gt /D B HR T
Beo w7 b PREOR i T | RpgetE, HE SR
B L5 R AR R A TE S R S N )T, R
5 A7 R 55 o AR SR, X R IEIEAT A O R, W

R R E ARG RRE . BRI X T
VPRI 5 T O 4 B T AR R B i, X B vk
i AR R T AR EE W T . WAk
AEUS 32 P o R L BEL R | MR A AR O v T
LU R A AT R 2, BESIA R R
U5 2 — )2 LR A A M R AR
A ASCHE EORG T 1 20 T bR R R R 2 A Y R
R ARRRE B, X T 2 AR Sl Ol AT AR T Y
FIWT, TEHEEE . B2 X AN [R) & S 4% 1
by J5T B IR R S R AR BRI & B, 100, 40, 25 MHz X
SH 5 BERE O SR IORG BE AR IR BEAR . PR
5% & Bl 80 MHz Fil 40 MHz P F K 28 2 45 76 /K I b 1
B BT IEO T, WG S A —%, A
80 MHz K £k 119 43 B 55 Flfe 1 48 8 J1 3¢ 40 MHz K £k
o DL RS R ER AR v AR BRI 5 vk R A VS R B T =S
Vi) 2% A2 R ) I 45 A2 1) A 00 AR R X i R
IR A B S —— KBl i &R Ak, e HAR I L

S MBI 5 /b SR IR K 09 2% 1 K Bl o Ak
F14) A5 £ 3l S — o B 7R 22 45

FETF 1, ABIF 7 0 B T T R b X K 2]

VRS 73 b 5 B 3K L e R BHL R RN D i 3
D5 1 TF 5V B B AR DU, 6 AN [ B 300 A T) 7 325 v 4
BOR AT T XS 0, B T R E B R O B
PRI v (1 315 FH P R IR B, DA Ry 251 PR AR AL R 1Y)
Hiu DX T J& 25 VA 3 B R I O vk 1R e BRI 2 2 B
BR B B HERR UM R AR B R S 4

1 IT/EX#ER

TAEXAL TR L X E SRR R E
X —— BT UCEE W N, AT KRITARRE, 2K
Y BLZR B BS 2 5 km, A0 T BCDUR VL — 0B M, k55 L
AR ML RN Tonsi i . RIE NS
PO Z A0 0 o RGP e, 5 B AR, R AR O b 4 D



2022 4F

GBI, G AN RIER 7 B 18 32K RIS 7K 400 5 1 358 B SR 8OCR 43 BT B 5 <173 -

|2 o TR R R Al ot S 7 € B B2 R N D e 4
¥y, JR A o A i B SR TR L TR T L R U
JEM R 1, JRREZY 5.3 m, B0 AR - 2Rk 4l
sioby R B, SRR WLBRED, SN 18.35 m, 12
R AABIKE, BABREE, AR LR T
T e 22 NV L B2 A 1l o A 2%
TR IX 74 R i 540 4 KT, B i ok B A s
TEF I, 22 38 2 %R XoF T 5, VT AL A s e
2014 4F 9 J1 5 Hiz sl i i i 51 & T RIA W 35
B DX P T T K A7 52 K YT K B RS I S, — R AE 10,
11 H 0y ZIRAE 4 H 0y MRt K3, HoAd s ] > 2 K30

2 FAMNTIEAE

2.1 TAEXYHEFRE

WS A B B 43 BT i N TE AR DX Rk 19 K o b Bk
Py E A TAEBCR, XA RIS I () 7 76 3 B i i) H
MRS HURERZ . FE R RN
BHL, 0 H PR — R 7E 10 ~ 40 Q-m; 3G B RRP TUA . TlA
OH B R N 70~ 170 Qm, F WAE 24 R 70 Q'm,
HAXTHE; B R DB R ARRKA . RERA
WD A O B R AE 100 Q-m LA F, AN R B, (H
Y H A AR R I, FEI I A AR AR

TAEX WA A . HIRZ AR R KA E
B, Hoh TR M A w8 4~ 6, 1836 £ 19
J 15, TR 3 ~ 5, M & KN 20% ) 5854 10,
ANTE] AR 5T A BB AETE ORI 225 5, — &
+/NT 1 MPa, B35 % 4 T 1~ 5 MPa, ¥3ib /e T 1 ~
30 MPa, [A]— 4% SCRE BEAN[R], BH (22 R K,
TER A AT R a T, S Fa YT by MO i — e X,
BT AR & A P 3h el A8 T IR A 1Y 2 i,
BT 25 R 2RI R . LA B S AR X AT 4
IBBE AR RIHE T 2 & B B4 T R TR 4.
22 TAEE
221 HUEEHIAE

A D DX TR Ml 5T 2% 4, SR T e A BE 4R b R Ak
([ GSSI 2 Al 4277, SIR-4 000) , 7E 4514 fe. /R 43 5]
K F1 100 MHz, 40 MHz /) K 264 — vk, Wb ie sy
32 PR, Al S B R F HG A — ol 32 0 S 9
TN 23 F/AE, RFE S ECH 1024, B % 400 R 400 Al
800 ns, & SN ECST 50 5 A28 WK o F K A K 3
B ABE 2 2L, B A FREK 1R F RADAN # Ak
222 (=R H R

o % P BH 3R 0k B0 R AR SR 2 D s W VA AL ([

77 WGMD-4) , H 2 V) REE0T BRI LAY . 22 B% F e A%
o AL B AR 2 . % R G A BRAE T, RAE
o oK, SR AR B B RS E A o AR IR
gk, VR Sl iy AT, L FL YR 480V, it
FEL S [E) O 3 s, W S m, HEARCHESIHS B 220 ~ 445 m.,
B b PR K Bz 1 SR B RES2DINN #4647, B v 4
PR2E TR RMS<20%, = 4 i 5 442K A voxlerd 45 .
223 # IR

7 PR P A (3-3 B, =B P R
Bl % Bk AT R & R G, LA E
WA ML E T HAF o A8 0 19 B X ] LUK & 7 fid 43¢
SIS A A T A DX B Y 58 e e T R TR
o 2N ) e w2 N U D VA R TS BT S 73 A RO M T RN
FEA AR, B PR LR IE R R 25 . FEEIE
DL 25 Ol 0% [ B s 0 PR AT 1) s A, 2 R A7 1R
JEMBIE ; @M & A I, — B 7 B2 By AR 1
PR VR HEATAR GE, W T B A5 T e 5 1A Dl 22 e B A7

I R T 1A I BB T, X R
S0 i sh + )2 1 2B s Bl A

P, =K,
. P—— LR AFH 1 /MPa;
K,— X 0 Y 585 B4

PRI B I AR /M Pa.

EP

TAE R A B 7 M A, FE K A K A
BT SAYM &, Horp 51, 3, 4 FE P2 A AY, I
AL, 2, 4 R IR BE TR LI AN, WA 3,5, 6, 7 N AR IR B
AILNE
23 TAEHE

BT TR AR B ol LU A DX 9 336 B
SRR 57 B, I AR IR B T b SRR A AR Y
T JRe 50 7 35 | e FL B R UE T ) bR 2 B ¢
(K1), 23 Fr oKk 3l 71 2 284 TF AN Rl B #4052 0 A 3
B0 B TR Z0CRE (R 2D o BRI K T A T
IR AT X OB R R B /INT 30 m Y IX I, I E
VR AR o3 A 5 1) R R 3 7 1w 3 ) A L, [ IS
B 2% S8 RE T R S M T IH R R Z X
S e R L B AR N R Y R R DT A, B
o JoRR IR I 2R 2 A7 AR AR O AR, DU A R R EL A
Bk 0 b PR B BT A R B LN A, DA
RIBCERRS HE 3T

3 75 35 3 A2 AU AR K 39T A B BEER, 20K
W AR w0 A0 BRI, LASRAS A 8 R 8 DA A R Sk



- 174 - 7K SC Ml J5T T b 5

5 6 1

B1 IfERN&mIZE
Fig.1 Survey lines of study area
TE: TEZO TR 3K 1 2R, 2128 2 S i B 3R k&,
BN D R A

ANE 5 A K3 %) TAE 32 2002 e BESE K 0 A I 46 00 4 7
MRS AR, TR TR K R X L A T o
5 R T AEE KT 2019 4 8 H 4358 B, 7k 1)
TAET 2019 4F 10 4y 58 1o

3 &R
3.0 T B A A R R

H M BTRR 1K 1 2 2 ZRERINSCR IF AT LA H (151 2),

5 100 MHz T 1 53 2 #b, Jit B5 35 4 L, 40 MHz T {E 4l
R 5 IR A S KRN ARG 7K T B SR R 25 SR AR
/IS, 332 RO IR T AR AR TR Y AR B R X
BRI o3 B R AR B AR BT B, WA R T TR AR R
F 22 B SRR A5, TCI8 2 T2 7K 0 2 A A TR+
R PR 22 SR/, ORI ) b H AR AR B R AE
fEREES

AL = R ECHE O 1 X e B, R — TR AR
F14) Hb 5 T 3 TE Al K AR I AR B T K . R
DR EE I+, 40 MHz T /RS20, =F /K A RO DI R B
R 7 m, A KA R IR B R 14 m, 22 5 3
100 MHz TAEM 31}, Joie 3K, & Hi K8, 3L
MR 4 m A4, ZRAEE . W WRHMKT
FEAR R (VT 100 MHz) At 7K 39 4 258 00 35 )3 %2 K F
Fk M . RIS BE |, 100 MHz T /F 56 % 4b 5t 85 ik
FE 1 Z- A 7K 3 20 ~ 35 m Ab B T 38 351 T A7 7E K T Rl 5
RN, HE DN A A AE A B A, T [E] AR A AR K
1 J 40 MHz TAEAS 2 3= | Al K 300 35 A UL S5 o) 7 o
2 28 3K 3 1 7E 40 MHz A1 100 MHz T 7E 5 3R i 4 |
i 301 34 TG W S A S R R, B R e DR I DXL
HEREMOAE T AN TR, BHE 4 5 HA G + i/,

HL 822 SN, BT R B e AN B L T
100 MHz iy J5t 75 35 76 Al 7K 391 bE =5 7Kk S04 1) 1) 13 8 40
By - S H W O G L B
3.2 A B ARk A A AL R

P R 7K T e R B 23R 3k B v ) T (1] 3)
ATy, T T 0 2 A AR A0 P BHL 23R 3 A AE I S 1Y
61 S, A8 AT LR 10 ~ 770 Q-m. 35 L BH R AR
SR, B AR BL)Z (10 ~ 65 Q-m), R A &
B2 (>70 Q@'m) . b ERARBH)ZE IS BE 2 5 m, HoA B Fe ks
TEJE AL F 10 ~ 30 Q-m, HEW A5 U &R £ )2, K5
3 B /N S A R e N R, AKCF B ES 110 ~
130 m Ab A7 — Ik F B3R M S X, HEHb SR A7 5 R 35
B3 —3, HhaBARRH 2R E 2y 15 m, Ho s PH AR ARAE S
FEl Ak T 30 ~ 65 Q-m, M R A )25, ¥ B2 8 K A
(FEBHR K F 70 Qm) . X % B & % B i B R IE AR
TR 25 P 0 A5 R AR R S T D v % R R BH R
XN TR ERERE/NT30m, HEEEAC T
TSR | SRR IR AL B NS T A AR R
3.3 IR A g R R

F 5 7K 3 R TR0 A T AR R (& 4) v B
SR BEF LI A 1, 2, 4 b BT ACBH B BE R AR Ak il
AR -5, TR T AR 1353 5 MPa L) BB, 76 &
2 B ATR EE S 10 m, HoJ EE BT ABE ek
i, R T LA SR RA A R R AR, AT
JRA A AR e R, BB SR, M B ATR
FEIRE] 10 m WP 2 Z )5, EL Bt A BH J1 7 s AHE T
T, R A B 3RS, E 2 A BT IR
7mE, B AR s P B . TR e, AR 3 RN
STET X (1 ~3mAbk g2 ) B — A g (H, ¢
1 X (7~ 10 m Kb 00 )22 ) &b o BRLERS AN 06 A, ol 26 5%
TEAFAE B B A — Bk

4 g

i 3ok X [) — TR A8 R A (] B 300 014 b 5 A 4
RO (8] 2) % e 430 BT, 100 MHz $b 5% 55 34 76 4 7K 39 1
FE R BRI 2 (4 B e 3h - S e R S L i
BT o 3 5 b TR TR A2 1 K2 B KRS, K At K
RCHAS W S BIF 9T 45 SR AR — EL 2, 40 MHz T AR K45
R B 1 B 3 22 S P RE O T oF K R R K,
TR U E A 2 e M, A 9 T AR TR, B
B S HHE 5555 11 100 MHz T AF 45 23 A B 800 1% JiF
B, F ORI 2 A HE K A2 B R K B i 4
/N, R 100 MHz T4 550 5 1) 4 0 08 A2 380 119 53 i 48



2022 4 EETT, G AR BROT IR TR A KRR 2K 3 i B R AR 2 5 175 -

4
0 10 20 30 40 50 60 70 80 90 100 110
1 5 /m

0 10 20 30 40 50 60 70 80 90 100 110
g /m
(¢) 1£48-100 MHz-F /K 8]

0 10 20 30 40 50 60 70 80 90 100 110
HE/m
(b) 1£k-40 MHz-## 7K

0 10 20 30 40 50 60 70 80 90 100 110
B /m
(d) 1£6-100 MHz-Hi 7k

0 50 100 150 200 250 300 350
5 /m
(e) 2£k-40 MHz-F=/Kk 3]

0 50 100 150 200 250 300 350
S /m
(g) 2%k-100 MHz-+/K Y]

0 50 100 150 200 250 300 350
HE/m
(f) 2£k-40 MHz-Hi /K]

0 50 100 150 200 250 300 350
25 /m
(h) 2£§-100 MHz-#i 7K1

2 MUERERIE 1 £6H0 2 e FKEIRIZIRE

Fig. 2 Detection effect diagram of geological radar line 1 and 2 in the period of rainy and dry seasons
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Fig. 3 Section of high density resistivity line 1 in the period of rainy and dry seasons
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Fig.4 The cone penetration results in the period of rainy and dry seasons
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