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Comprehensive geophysical method for shallow karst and goaf and its model test
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Abstract: Karst and goaf have become a hot and challenging problem in expressway construction. To
accurately detect the spatial distribution and geometrical form of the karst and goaf zones under the
highway, an electrical resistivity constraint inversion imaging method by using prior information obtained
by the ground penetrating radar method (GPR) was employed. The conventional ERT inversion method,
the GPR, and the ERT constraint inversion imaging method with prior information were used to

numerically simulate common karst and mined-out geoelectrical models. Then the imaging laws of various
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methods in different types of karst and goaf were analyzed and summarized. Numerical simulation results
show that, compared with conventional ERT inversion and GPR results, the spatial morphology of
anomalous bodies using the ERT constraint inversion imaging method is closer to the real geoelectric
model. It can more accurately identify the boundary. Subsequently, a model test study of karst and goaf was
carried out in Zhangqiu, Shandong, and the distribution of karst and goaf zones was successfully ascertained,
verifying the detection effect of the comprehensive detection method on karst and goaf areas. The proposed method
provides a basis for the treatment plan of the karst and goaf under the highway foundation.

Keywords: karst; goaf; constrained inversion; numerical modeling; ground penetrating radar; electrical

resistivity tomography; model test
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Fig. 1 Comprehensive exploration process of karst and goaf under highway foundation
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Fig. 2 Geological models of different types of karst and goaf
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Table 1 Physical property parameters of ERT in different types of karst and goaf
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Table 2 Physical property parameters of GPR in different types of karst and goaf
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Fig. 3 ERT resistivity profiles of different types of karst and goaf

2.2.4 M A

B F TR AN B3 (D) Br 7, 3 5t H B RO X B 7 25 ~ 70 m JE A 2 A B S R X (800 ~
1200 Q-m) , 5 S BR 5 J5URY A7 7 WY 8 A 22 55, A 00 o BEL 5 4 1L 55 52 ol 5 &t A A WY A8 ) 22 S 7 ) e BEL
SR AR A RV ) 01 S B b R DR R R G SR U T RIR 2 X IE S TR AL

2.2.5 FAM

S AN 3Ce) TR W FE 20,60,100 m A7 B 50 BIAFAE 1A @ B S8 X (950~1 150 Q-m) , E60 mfi
BHAH 1K H X (30~80 Q-m) , 55 bR 5 R AUAH LE A7 7E 2 Ab B 5 A9 & P % (20 m Fil 100 m i &
Ay, 60 m Ab Ay EL BH IXORIEG B IX A A0 B TR 25 5 b 5T DR R A 25 4K, & T B L b R R R R, R i A

M 5 3 AR FEBUR I AR 25 X
23 AEEBERMRETXMMREXERHGARE

Xof AR A v 0 AN [ 288 R P R 2 X b J5 R R A b SR K E TS L A5 B il B A A E AT AR L

K 4 TN,



%28 ERE,F REEBEMRTRESRN F k5 KB 113

1.0
0.8 0.8
0.6 0_6
02
o , £ 0.2
-0.2 B % 0
-04 ~02
-06 i
-0.8 ~0.6
-1.0 -0.8
0 20 40 60 80 100 -1.0
P /m
(a)FEH PR /m
(b) TFH
Lo 1.0
08 0.8
e 0.6
54 0.4
0.2 02
A 0
-0.2 B
-0.4 04
-0.6 B
-0.8 08
-1.0 By
0 20 40 60 80 100
i /m BB /m
(c) WHiRtFEHE (d) BRI LT
1.0
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8
-1.0

0 20 40 60 80 100
BB /m

(e) 7

B4 AEEBAMXEXEANMREXEFTHNE
Fig. 4 GPR forward profiles of different types of karst and goaf
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Fig. 5 ERT inversion results with known information constraint
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Table 3 Cavity structure size and buried depth of 3 pieces of test die casting
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2 1.8X1.2X1.6 4.6

3 2.0X1.2X1.8 4.7
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Fig. 6 The field photo of model test in Zhangqiu Fig. 7 Schematic diagram of karst and goaf model test
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Fig. 8 GPR detection results
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Fig. 9 Imaging results of different inversion methods of ERT
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