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and utilization in Zhongshan City of Guangdong Province. Geological Bulletin of China, 2025, 44(5): 848—857

Abstract: [Objective] Underground space resources are important national resources. For the scientific and rational protect and
develop them, it is necessary to conduct suitability evaluations for the development and utilization of underground space resources.
[Method] Based on Python and Paraview software, the 3D suitability evaluation of —100~0 m underground space of Zhongshan city
was realized by bilinear interpolation method and analytic hierarchy process. The data of 8192 bore holes was collected and analyzed,
and five 3D data of single factor (spt blow count, water content, internal friction angle, compression modulus and compressive strength)
was obtained. In addition, the geotechnical conditions, hydrogeological conditions, adverse geological conditions, resource sensitivity
and development value were selected as theme layer, them contain 21 signal factor 2D data. The coupling calculation of 2D and 3D

data is realized based on the variable weight method. [Results] The spatial domain of the underground —100~0 m in Zhongshan city
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was established an analyzed, and the spatial domain was divided into 128 million units, each of which is assigned 21 single factor

attribute values. Then, a three—dimensional evaluation of the suitability of underground space in Zhongshan city through AHP and

bilinear interpolation, and finally visualized it through Paraview software. [Conclusions] The suitability of development and utilization

of the underground space of Zhongshan City is overall good, with more than 88% area suitable for foundation pit and pile foundation

projects, and more than 83.5% area suitable for tunnel projects.

Key words: Zhongshan City; underground space; suitability; 3D evaluation

Highlights: A three-dimensional evaluation model for the suitability of underground space development and utilization in Zhongshan

City was established using 8192 boreholes, and 26 single factors were considered in this model.
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Fig. 2 Distribution and depth of the borehole
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Table 1 Evaluation indicators and weight allocation (excavation and pile foundation engineering)
i . ) FabRZAE
FHZ(B) BRI & FEIRE(C)
0~15m 15~30m  30~50m  50~100 m
HUE HiSB1 0.0583 MBS ECL 1.0000 1.0000 1.0000 1.0000
PRt gkc2 0.3038 0.3038 0.3038 0.3038
\ FKEC3 0.0730 0.0729 0.0729 0.0729
= ARG (SR X IR 0.1382
+ JEEHESCA 03116 03116 03116 03116
% JR4itsECS 03116 03116 03116 03116
% rh R T HERCO 0.3108 0.3108 0.3108 0.3108
f . \ AR CT 0.1958 0.1958 0.1958 0.1958
B2 BRI CEAR 53 X80 0.1381 N 3
AAPUREMREECS 0.2003 0.2003 0.2003 0.2003
HeAAMEC 0.2931 0.2931 0.2931 0.2931
HF K EKEEC1I0 0.4270 0.4270 0.4270 0.4270
IKICHBR 4414 B3 0.0545
KR PECT 0.5730 0.5730 0.5730 0.5730
IR B LR 12 0.6500 0.5500 0.2500 0.1500
KR HRECI3 0.2500 0.200 0.0500 0.0500
BB BA 0.1351 .
WA IR JEREC 14 0.0500 0.1500 0.6000 0.6000
RfEA HIREECLS 0.0500 0.1000 0.1000 0.2000
N 2K IR HE A CL6 0.1700 0.1700 0.1000 0.1000
HJFTistl A C 17 0.3000 0.3000 0.2000 0.1000
R HUREBS 0.0586 [E AT 7= R RAK IR ECIS  0.2900 0.3500 0.4900 0.5300
HIFATE IR A C19 0.0800 0.1300 0.2100 0.2700
KA FARAR S A C20 0.1600 0.0500 0.0000 0.0000
Hb T 2 [E) A IR C21 0.3900 0.3900 0.3900 0.3900
Z4VEB6 0.2856 K KB EHLC22 0.1900 0.1500 0.0500 0.0500
KR T RS e 1t C23 0.4200 0.4600 0.5600 0.5600
Bf7 I FLGDPC24 0.3425 0.3425 0.3425 0.3425
FEF M EBT 0.1316 NI FEC25 0.3895 0.3895 0.3895 0.3895
+ A HZEHIC26 0.268 0.268 0.268 0.268
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Table 2 Evaluation grading standards of the single factor

) SRt
BRI
I (143) I (243) m@G34) IV (443)
W/ >20 10~20 5~10 <5
broti v <10 10~15 15~30 >30
FIKFE % >40 30~40 20~30 <20
RS/ <5 5~20 20~30 >30
FEGit R/ MPa <3 3~5 5~7 >7
rhRU I T /m >45 30~45 15~30 <15
TS TR R/ >2.0 1.5~2.0 1.0~1.5 <1.0
AU E/MPa <5 5~15 15~30 >30
At KL A IR REH TR
K E KT TE—FE / "z W=
HO KB T 55 / / ¥
IR LR /m >30 20~30 10~20 <10
FK RS 4R /m >10 5~10 2~5 <2
B G ER A R /m >15 10~15 5~10 <5
WAL E LB S /m >24 16~24 8~16 <8
N K IR H S A TR HEGRAP X / E[FFSIAIES
H RIS A [ZSINrS / / E[FFSTAIES
B A 7 By SR K BE IR A3 A WX / / JET X
AT I3 A TX / / JET X
R Fe KA K T / E [
7T TR LR R ) >20% 10%~20% 5%~10% <5%
R R E O Mo KX 5 KX K5 KX FEZEX
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Fig. 3 Evaluation results of each single factor
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Table 3 Evaluation statistics of single factor

x4 EnSHEMIBEEESRTENFITER
Table 4 Statistical of suitability evaluation of excavation

foundation engineering

344 el

W H
I(#) () mE) VUL
HoJE Y 5 0.8% 1.1% 1.7% 96.3%
[yt e 6.5% 2.8% 11.4% 79.3%
Bk 34.6% 48.6% 16.6% 0.2%
S 24.4% 45.2% 30.2% 0.2%
AR R 39.1% 21.1% 36.2% 3.6%

R TR 9.2% 48.8% 28.8% 13.2%

e THRAR 4% 4% 11.3% 80.7%
FABUERREE 5.6% 12.7% 69.0% 12.8%
E S eEeycn 1.0% 30.0% 18.8% 50.2%
R K Rk 23.3% / 57.9% 18.8%
H K v 80.1% / / 19.9%
St WYy 4.5% 8.4% 26.8% 60.3%

BRMERD R 0.4% 1.0% 6.8% 91.8%
VAT E O AR A R 0.9% 8.1% 14.8% 76.2%
WALA R 10.8% 52.2% 32.1% 4.9%

N K o A 2.9% 2.4% / 94.7%
Hi BT A3 A 5.9% / / 94.1%
T SR B

: 1.0% / / 99.0%
TP A
KL F KM 0.4% 13.2% / 86.4%

H T 2 [E] A R 19.1% 14.1% 19.5% 47.3%
MR E KB IBOL 2.2% 35.7% 44.2% 17.9%

W AR e 7.1% 6.0% 5.9% 81.0%
AL I FIGDP 36.9% 38.7% 11.8% 12.6%
N B 48.5% 35.7% 12.8% 3.0%

- I 2 6.9% 25.3% 40.1% 27.2%

R 5 /%

25 (B35 fl/m -
I(22) () MR) IV (ff)

—~100~0 0.7 113 74.4 13.6
-15~0 0.9 14.4 69.3 154
-30~-15 0.9 12.5 70.6 16.0
-50~-30 0.6 10.2 75.7 13.5
-100~—50 0.6 10.4 76.6 124

x5 BEIREEESRTMFEIT

Table 5 Statistical of suitability evaluation of tunnel

engineering
0,
SRS m AL :
[(%) I () MR VR
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underground space development and utilization
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Table 6 Description of suitability zoning for underground space development and utilization

WM i b ar X W
(i oL1% V.1-V.8 F BT Tk L B B, I&)ﬁ%ﬂiﬂ& BT AT 2 (A R, [l s A,
A A TR AR 25 AT
X 60.7% -1 OB AR, S-SR, P T AE FTR
11 AT VBRI B, A DXAR 405, TS a2 T 25 ()T 2, MRAERIAE,

ANEAGEATRIZ T 25 B

-2 F B2 WG A, XTI A s AR AT 23 AT R B R LA L X, sORICA PR e
RLTSEYNPGHS, A XAFAERIZ AR AR 1 N — Wi L, iR MR SR Z R AR R, AN TR
BEEEGUITAZ, AN (0 KA T TR 80 m, X T A Bk il B ZOR B
BT AR IR, AR X 32 BEAPAE RN R XA 1 ARAR R | T 10 B R 5,

g X 18.2% -4

PGS I LA i 2 AR T2 7 A AT MR 25 [ R HCE TsAS

-5 EESZ WA R, o T E A BRI A R s [AD T R by T TR TT LA _B b X, BRI S PR it
-6 BT R, XK B, o KU A b A JRE, A 0 P i AT

-7
-8

TR L E AR, A AR X

B EIRE, A XA T DA AR

-9 T2 WA R, 3 T E A SO TR AT 2 1T 1oy T R T LA X, BRI A S i it

5 45 i

(1A SCHF Python #5717 Rl T 4218, 1783.67
km?, H N —100~0 m Z3#r 23 )3, 5425 [l ) 73
1.28 AT, A HICR T T 21 AN FJE Pk
{8, 38 1 2 YR A3 A9 R0 AU AR (B S B0 7 LT
s S ARV, S5l T paraview X PR
SEOEATALAL AL B o AH T AR T b 23 (A
WA, AU B R IREEK . P R AT
ESEETE

(2) P &5 5B, vl Tid R 5 A & R S
R B AR, TSR TRE TR &
i Lt 88%, ki TFEE Ak R & LA 1 [ 83.5%, %
T, FEHT S AESEARE TR AW B R T AR G

(3) iy Ty s 2 B & A B DA R
X FEAAAERR LR W3t | K b R
K RACZSE RS T 38 DR 0R 5 R A AN R
o a)

References

Fang Y C, Gong R X, Li S F, et al. 2017. Suitability evaluation of
underground space development based on a three—dimensional
geological model, using the Jiaxing urban geological survey as an
example[J]. Shanghai Land & Resources, 38(2): 43—45 (in Chinese

with English abstract).

Hao Y H, Li X H, Chen Z L, et al. 2021. Study on 3D evaluation method
of geological environment quality for urban underground space
development: A case study of Binhu New District, Hefei City[J].
Geography and Geo—Information Science, 37(1): 11-16(in Chinese
with English abstract).

He J, Zhou X Y, Zheng G S, et al. 2020. Research on the geological
suitability evaluation system of underground space resource utilization
in Beijing[J]. Chinese Journal of Underground Space and Engineering,
16(4): 955-966(in Chinese with English abstract).

Jiang SY, Wang Q Y, Li C L, et al. 2019. Evaluation Suitability for the
underground space using expert—analytic hierarchy process[J].
Chinese Journal of Underground Space and Engineering, 116(5):
21-30(in Chinese with English abstract).

Jiang J, Ge W Y, Ma Q S, et al. 2021. Geological environment suitability
assessment of underground space development in Nanchang city[J].
Geological bulletin of China, 40(5): 734—744(in Chinese with English
abstract).

Jiang T. 2019. Geological environment suitability assessment of
underground space development in haidian district, Beijing[D].
Master's Thesis of Southwest Jiaotong University (in Chinese with
English abstract).

Liu K, Peng J, Peng F L. 2011. Evaluation model for the suitability of
underground space resources exploitation and utilization[J]. Chinese
Journal of Underground Space and Engineering, 7(2): 219-231(in
Chinese with English abstract).

Qing P R, Gao S, Xu J X, et al. 2019. Suitablity evaluation of

development and utilization of undergound space resources in Jinan



FaaBESH

BHBRAEAF: TR LT 23 )RR M = e AT A 857

city [J]. Shandong Land and Resources, 35(6): 58—68(in Chinese with
English abstract).

Tan F, Wang J, Jiao Y Y, et al. 2020. Current situation and development
of urban underground space suitability evaluation[J]. Earth Science,
46(5): 1896—1908(in Chinese with English abstract).

Shi Y J. 2008. Three dimensional geological structure survey and
adaptability evaluation of underground space development in
Shanghai[R]. Shanghai Geological Survey and Research Institute(in
Chinese with English abstract).

Wu W B. 2012. Research on the ecaluation for underground space
resourcein Suzhou urban planning area[D]. Master's Thesis of Nanjing
University(in Chinese with English abstract).

Wang Z Y, Zhu T Y, Wang X H. 2019. Study on suitability evaluation
system of Changsha’s urban underground space for development and
utilization[J]. Journal of Rrailway science and engineering, 16(5):
1274—1281(in Chinese with English abstract).

Xia Y, Ma C M. 2014. Geo—environmental Suitability assessment of
underground space resources exploitation and utilization in Zhengzhou
City[J]. Chinese Journal of Underground Space and Engineering,
10(3): 493—497(in Chinese with English abstract).

Xu T, Shi Y J, Zhu X D, et al. 2021. Research on 3D modeling method
for ecaluation of unban underground space resources: a case study in
Shanghai[J]. Earth Science Frontiers, 28(4): 373-382(in Chinese with
English abstract).

Zhang M X. 2019. Study on geological suitability evaluation of urban
underground space development from 3D perspective[D]. Master's
Thesis of China University of Geosciences (Beijing )(in Chinese with

English abstract).

Mt Fh 32255 3Tk

I EE, 2B HAE, ZE=IR 4. 2017, FE T =4k BURAL A b T 2 [T &

BTN EIG A 1 e A4y 11l gl G = L U O 5 7
38(2): 43—45.

TBYeLr, ZEmENEE, MR R, 45, 2021, 30T HL T 45 () JF & Hb SR A8 i it =
e RPN T DA R T 0 X o i) 3] Hb 35 b3 A S,
B2, 37(1): 11-16.

e, JEBCo, ORERR, 45, 2020. b5t iy 4% (B E YRR FH M 5 o
PN IFSE (I]. R 23 1) 5 TR, 16(4): 955-966.

TR, FRR, 2R, %2019 TER-ZRONER M T 25 (8]
TEEPEPEAN [T]. 3 T 28 8] 5 TR, 116(5): 21-30.

W, B, D, 2. 2021, 75 817 O3 IX LR 28 ] & 3OS
BTN [J]. MBI, 40(5): 734-744.

F08. 2019, JLHUTTIGTE X T 45 (8] HF & U 8838 B PR (D). v
A R EE 258 3.

WIEL, 24, 3235 K. 2011, iR 25 ()8 W & ) FHAE B HE PR AR AL 7],
R 23 [B) 5 TR, 7(2): 219-231.

Z& bR, w0, FRAERE, 4F. 2019, FERA T IRT ML T 45 (R B IR T & R AE
FCHEPAN 01 DA 953, 35(6): 58—68.

K, A, AR BE, 2. 2020. kT MR 2 [0S B VEAN ST [ N 2B
RIGEHI]. HhERBLE, 46(5): 1896-1908.

1 R 4. 2008, U T 4R b B S ) I A T 2 TR 5 R T
i [RD. i v b o A A A 9 e

SICHE. 2012, FRMIIRTTHE T 25 M VR PEA 5T (D). B st K124
g3

FART, R, T AL 2019, K UPIRTTHL T 25 ) I A& R FH A48 712
P IR R IS 0], BRERHF S TR, 16(5): 1274-1281.

Bk, SR 2014, AN T T A3 181 VR I & ) b R RS B DT
1], T a5 TRR2EHR, 10(3): 493-497.

BEVE, S R4, /NG, AF. 2021, IRTTH T 45 (B B YR PPAN = i Ay vk
WFFE5 52 DL BBl (0], #h2ERiT2, 28(4): 373-382.

FAFEE. 2019, =HENLA T A IR T MR A3 (8] T & b 5T IS B PR A O0F
FE (D). EHbT R [LaD) M2 08



https://doi.org/10.3969/j.issn.2095-1329.2017.02.011
https://doi.org/10.3969/j.issn.1672-0504.2021.01.003
https://doi.org/10.3969/j.issn.1672-0504.2021.01.003
https://doi.org/10.12097/gbc.dztb-40-5-734
https://doi.org/10.12128/j.issn.1672-6979.2019.06.009

	1 区域概况
	2 方法步骤
	3 评价指标体系
	4 评价结果
	4.1 单因素评价
	4.2 适宜性评价

	5 结　论
	参考文献

