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Abstract: To address the limitation of existing suitability evaluation methods for underground space develop-
ment and utilization that predominantly rely on two-dimensional (2D) analyses and fail to accurately characterize
three-dimensional (3D) underground space, the authors propose a multi-elements 3D suitability evaluation method
based on a regular voxel model. By employing a voxel model as a unified evaluation framework , this study utilizes
multiple 3D spatial analysis techniques to construct geological models and multi-factor 3D voxel attribute models of
underground space. Combined with the analytic hierarchy process ( AHP) , an evaluation system incorporating con-
straint and graded indexes is constructed to evaluate the suitability of underground space development and utilization
in the Zhengzhou High-Tech Zone. The results indicate that over 65% of the underground space in the study area is
classified as highly suitable for development, with only a small proportion classified as restricted areas. Overall, the
engineering geological and hydrogeological conditions are favorable for development and utilization. In terms of spa-
tial distribution, the shallow layer exhibits the highest suitability, with a slight decrease in suitable areas as depth
increases. Horizontally, the western part of the study area shows greater development potential and suitability than
the eastern part. Compared with traditional 2D evaluation methods, the multi-factors 3D suitability evaluation
method for underground space development and utilization based on 3D voxel model enables organization, manage-
ment, computation, and visualization of evaluation results at any spatial location. It effectively addresses the loss of
vertical information inherent in traditional 2D layered evaluation, enhances the evaluation resolution and result visi-
bility in the vertical dimension, and provides more comprehensive information and services for underground space
planning and construction.
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Diagram of 3D voxel model
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Fig. 8 Geological body model of loose layer in Zhengzhou High-Tech Zone
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Table 5 Comparative analysis and evaluation between modeling results and actual boreholes
HifL5 RS HAE 2R /m RS EREE/m BRZE(E/m B2 /%
1 3.2 3.198 3 0.001 7 0.05
3 5.1 5.085 6 0.014 4 0.28
5 3.0 2.996 6 0.003 4 0.11
E8 (1) JZ1-1119-254
8 20.2 20.213 4 0.013 4 0. 07
11 13.0 12.960 8 0.039 2 0.30
13 19.5 19.456 1 0.043 9 0.23
1 2.6 2.593 4 0. 006 6 0.25
8 15.2 15.204 5 0.004 5 0.03
JLPUIA ZK86077 11 36.2 36. 186 6 0.013 4 0.04
13 11.9 11.899 2 0. 000 8 0.01
14 13.1 13.107 8 0.007 8 0. 06
1 0.8 0.798 2 0.001 8 0.23
6 2.2 2.196 9 0.003 1 0.14
R 13
8 11.5 11.499 2 0.000 8 0.01
11 19.5 19.486 7 0.0133 0.07
1 0.8 0.781 2 0.018 8 2.35
8 21.9 21.869 8 0.030 2 0.14
AB010632
11 22.3 22.3109 0.0109 0.05
13 10.0 9.994 3 0.005 7 0. 06
8 23.8 23.768 4 0.031 6 0.13
A1-1 1L 11 16.6 16. 603 2 0.003 2 0.02
13 9.6 9.574 5 0.0255 0.27
FE{E 0.011 4 0.22

(4) Hb 5T P AR

WRIE R s, iRy, Ra AR5 NEHE
fo, HE, TEE, WE, SRR MM, fL
o WMESR R, MR R, MBI WRPRAE 4 TR
50, R =4e IR EAE G s, DL =i
B EERMENE MR, G575 A =408
PERERY, FRARZERANIA 9 PR

KPR EARTEFIFE FRAL TR, XA HE PR T A 3
MG, MK ECE = FRAC A (digital elevation
model, DEM) #EATHEES3#r, FIH 09 kA 4T
YeRE P A AIREE (18] 10a) ; 45 DEM #477K
ST, PR R I (E 10b) 5 K
ETIEERT, K BRI i R o A
NE . BEEEURZE . A ZE (& 10c) ; 7e i
SRR TR BT AR bR D, X R RE A E M

FHOR R PREE . i . ZR TN
PSR XF T HRIR A DR Y IR Y TR
PR T AR Ema A, MR A0 b o o M — A el e 4
R, Moo M BE S T E S (K 10d ~
£) 5 X Bk FLEE A RS 8 K TR B R AT 4k %S 1A 4
i, IEWEKEEIF 9 (Kl 10g) .
3.3 IEWRITEMINEITE

IR SCH 2 I IR R, L SUIX B T &
%K, IRYERFFEIX LT 28 B 4R & 20 13423 1) TAE
2y, R EMPCRZ AR, XES hryiE
Bri AT PIRT L FNAT 43, 45 Rk 6 ~ 8 FIIA
11 ffioR
3.4 FMER

FETFASCH M TN Te bRk R AR, 274
SCAF B BARAR RN S R ah A, il ks
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Table 6 Judgment matrix of intermediate evaluation factors Table 7 Judgment matrix of terrain and geomorphological
PSR TR KGR W evaluation factors
TP s 5 1 0.2 0.5 0.1222 I A Wz b W
TR 5T 5 1 3 0.647 9 g 1..000 0 2.000 0 0. 666 7
K SCHb BT 2 0.3333 1 0.229 9 M 2.000 0 1..000 0 0.3333
TE: —FPELILH 0.003 65 ALFEH 1.000 05 HEFFRARHERE 3.003 7, TE: —ZELL 0.000 05 ALFEH 0. 122 2; AHFFRARFEE R 2. 000 0,

®8 TLTEMBRFMHTMEFHIETERE

Table 8 Judgment matrix of engineering geological condition evaluation factors

TR 552 FEN PR P E £ &
52 1 3 3 3 0.5
Vil 0.3333 1 1 1 0.166 7
JE it 0.3333 1 1 1 0.166 7
PR E £ 0.3333 1 1 1 0.166 7

W —EBEELBIN 0.000 05 AR 0. 647 9; FEFER KAFAEAE A 4. 000 0,

Hinz A T DXCH 22 (R AR RS A = HEVF A SRR A R

01222 | 0.6479 0.229 (J|

IR

0.0815 0.324 0] 0.108 0] 0,108 0] 0.108 0] 0.229 9

R

11 FEFNNEGR

Fig. 11 Comprehensive evaluation weights system
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Fig. 13 Evaluation results of shallow underground space development and utilization in Zhengzhou High-Tech Zone
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Fig. 14 Evaluation result of sub-shallow underground space development and utilization in Zhengzhou High-Tech Zone
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Fig. 15 Evaluation result of sub-deep underground space development and utilization in Zhengzhou High-Tech Zone
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Table 9 Volume partition statistics of suitability evaluation results for underground space development

EHESSR (FBV i)

EAMEHX

AR X

EAMEX

PN IR IE
BRI & X EHMEZEX
w2z 84 615 000 / 5. 69 0/0
Wik2 21075625 /1.52 25424375 /1.83
WIRZ 6 508 750 / 0. 39 6 046 250 / 0.36
w2 1053125 /0.15 0/0
Mt 113252500 / 2.17 31 470 625 / 0. 60

129 686 250 / 8.72

830 810 000 / 59. 87

488 765 625 / 29.48

144 331 875 / 21.01

854 446 875 / 57.43

478 635 000 / 34.49

821 295 625 / 49. 54

430 934 375 / 62.72

418 935 625 / 28. 16

31 845 625 / 2.29

335 254 375 / 20.22

110 756 250 / 16. 12

B samsanax [ pranmseeax [pranmsaesx [JJrramsanzx o znnx

1593 593 750 / 30.53 2 585 311 875 / 49.52

896 791 875 / 17.17
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FAcAFRE, AR THUR T,

BRI, REWEEERX (57.43%) F
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