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3D geological modeling of karst mountainous areas and its
application in 3D evaluation of tunnel planning

WEI Lai, CAO Cong, LIU Zhi, GONG Siyu, XIE Huijun, LI Xingru

(Nanjiang Hydrogeology Engineering Geology Team of Chongqing Bureau of Geology and Minerals Exploration,
Chongqing 401121, P. R. China)

Abstract: The geological environment in karst regions is inherently fragile, necessitating a suitability
assessment for tunnel planning to mitigate geological issues induced by construction activities. A pressing
challenge is to develop a detailed three-dimensional geological model in karst mountainous areas, which can
serve as the foundation for conducting a comprehensive 3D suitability evaluation for tunnel planning. This study
focuses on the Liangjiang segment of Zhongliang Mountain in Chongqing as the research area. Employing
geological modeling methods and grid subdivision techniques tailored to the regional geological characteristics, a
series of detailed 3D geological and attribute models have been constructed. Based on the Analytic Hierarchy

Process (AHP) and a multi-level index overlay method, a 3D evaluation system for tunnel planning has been
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established, aligned with the local geological conditions and the current state of tunnel construction.

Furthermore, the 3D evaluation results have been utilized for tunnel planning assessment and analytical

applications. The findings indicate that by employing appropriate 3D modeling methods, one can construct

detailed geological models in karst mountainous regions. This serves as a foundational data source and spatial

analysis framework, enabling the establishment of a 3D suitability evaluation system for tunnel planning that is

consistent with the local geological environment. The results provide substantial support for the planning and

site selection of tunnels in karst mountainous areas and the optimization of underground space patterns in

mountainous cities.

Keywords: karst mountainous areas; tunnel planning; karst tunnel; 3D geological modeling; suitability 3D

evaluation
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Fig.1 Location and remote sensing image of study area
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Table 1 Brief stratigraphic table of the study area
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Table 2 Water richness and karst development in the study area
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Fig.2 Parallel section fold restoration method modeling diagram
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Fig.3 Schematic diagram of truncated meshing method

along rock face
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Table 3 Summary of main modeling data in the study

area
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Fig.4 Distribution diagram of main modeling data in the

study area
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Fig.5 3D geological structure model of the study area
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Fig.6 3D hydrogeological model of the study area
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Fig.7 3D groundwater level model and tunnel model in

the study area
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Table 4 3D evaluation system of tunnel planning

suitability
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Table 5 3D evaluation factors and grading criteria of tunnel planning suitability
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Table 6 3D evaluation factor weights
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Fig.8 The results of 3D evaluation of tunnel planning suitability in the study area

H P 8 AT UL, A s 0] L 5 3 A0 o) 3l 2 Ml o
ey 3t e 7K SC M JBORR AR 52 W 2 355 A0 T, A2 P
Mo BRIE B AR G A AR YR R R
TRZWE o 1Lk R o3 X s TR Y R MR A
PP e s 5z, oG — M K AL, b ST BR 8 2% A
B Jm RLRIGE BLIX, MR AR AR 2 1 5104 5 1l ik b &R
FIEHRE, R T SR SRR, BEHZ
MR R A i, 28R I R R KA
Bk, BEN AR MEA WA . HA R XN
BB BRI X R LR A 18 B A 1 A
KA R W T K A AR A DA Ik i R
3] — M T FC R AR AR 24 1800) ~ BN 1 7L (4 A
PRARZ 15 1606) X Sk 22 46 v 1 5 L ok o 08 98 o %

R R AL Rk AR T RV VL IX K,
T T HE I v T MR K AR, HL I BE L T
PRAPO R A, b DX 3 e A Sl 65 R X (o A% A AR
2 15%) .
5.2 BEIRRBIERMLEASHT

Sh 6 UE BRI R S8 R A DA 2 R M
P FHIBEFE X AT 5 a i A BE 18 T XS L 73 #T o 75
V15 b A DU R O S A f R 1B SR R E R
Jo) 2 B = A T A R R AT R S A KB B AR A
10 a A Y 4 2% BE G Y KA PR DT 45 258 0 A
(F9) o AR 23 A1 P AT 35 I W S 7S s 2% B 3 X 17
LR Y ) 3 RO O A, DA R Al PR B L
KN

x7 MRXIEFEEKRIEEEERIE

Table 7 Suitability verification of tunnels built in the study area in recent years
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Fig.9 The project application results of 3D evaluation of

tunnel planning suitability in the study area
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Fig.10 The project application results of 3D evaluation of

tunnel planning suitability in the study area
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Table 8 Planning suitability zone table of the proposed

tunnel in the study area
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