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Table 1 Survey data of building height ( H,) — soil layer thickness (D,) — occupancy depth (Z,)

in main urban area of Hangzhou

R Hy(m) | Do(m) | Zy(m) FF5 Hy(m) Dy(m) | Zo(m) R Ho(m) | Do(m) | Zy(m)
1 78.6 48 40 34 54 62.2 62 67 45 42.1 48.8
2 67.4 49 38 35 100 60 55 68 51 47.2 45
3 99.1 47 45 36 36 61 59 69 57 43 42.9
4 115 54.1 48.3 37 48 43.3 50 70 83 42.2 41
5 53 47.5 43.7 38 87 60 46 71 52 51 46
6 78 51 45 39 42 32 36 72 62.4 22 26
7 100 27.7 30 40 81 56 50 73 20 36.9 18
8 49 54 48 41 108 57 40 74 102 62 45.5
9 77 52.8 48 42 165 55 44 75 71 55 46
10 93 52.5 43.6 43 175 58 53 76 83 61.6 51.4
11 59.9 53.6 47 44 258 62 66 71 53.6 62 49
12 103 54.8 45 45 160 60 45 78 20 46 42
13 103 54.5 45.6 46 150 61 44 79 82 60 45
14 102.6 55.1 45.3 47 15 40 37 80 91 60 46
15 71.4 57 45 48 61 49.1 39 81 83 63 38
16 95 55 46 49 85 27.6 45 82 151 62.5 49.9
17 109 58 48 50 61 43 49 83 150 57.9 46
18 100 58 48 51 21.3 53 40 84 69 63 57.5
19 103 57 51 52 79.8 55 43 85 94 63 52
20 52 59 40 53 99 49.7 43 86 44 58 51
21 9.8 23.4 25 54 15.8 38 39 87 36 8.4 12.5
22 47.6 30 45 55 20 11 15 88 74 15.3 17.7
23 35 40 42 56 22.5 18.3 25 89 66 18.2 27
24 61 36 47 57 35 36.3 3L.5 90 18 25.2 24.6
25 30.6 34 30 58 25 34 26 91 56 31.1 43.1
26 61 48 52 59 27 16.7 19.8 92 10 29.5 33.5
27 33 38 42 60 33 9.3 19 93 140 34.8 37.3
28 86 36 28 61 42 15.5 19.1 94 33 45.3 42
29 82 58 50 62 20 10.6 25 95 21 4.5 10.5
30 30 40 30 63 34 25.6 28 96 54 23.8 26
31 90 42 38 64 54.4 41.5 50.8 97 41 27.1 29
32 104 74 76 65 59 44.5 48 98 87 51.2 60. 6
33 101 78.3 65 66 41 45.5 49.9 99 17 26 25
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Fig. 6 Spatial distribution of soil layer thickness in main urban area of Hangzhou

T 2 ) 7 PR BE AT Dy b R 28
KPR LA
2.2 MRREFASESHEEES

AR5 DX ST e 3 5l R A B SR, He
R ZEN (H>100 m) &7 E 0. 2%, FEEA FH L
I DX T VL DX A S DB 1 1 2 50 5 o )2
(H>24 m) di16.9.2%, ZZH#F (H>9 m) 4 b 42.
6% , 4N 5 P,

RS IX o J22 T 00 A0 el M T = 4 e o A A
PRI, AR A 4T 21618 ANk FLAR e JZ 505
FA 2R DU 2R T AR M o 2 A i A e 88 Sk B e =
Y T RRM AR FEBLSERE I $52 B8 10 m [A] PR ARE
PECTHE XA 100 m LR AR AT (L RR
JE) S, 1B XA 6 s, Bk
“PUHARE” A R
2.3 EEHER

A

<[] R FH Ak L

JEE A T 3t 2= PR JEE A P&, AR 3

(1), R ArcGIS B %5 [ 43 A 1545 BT i
FIRIX T 25 18] 5 R Z A (7)), Hode
39%Hh T 25 (8] 5 FHIREE R 5 m, )2 o0 A T AR
R T 36% 17 T 30~ 50 m X [6] N, B4 S A5
IR SRR, AT T 2 RN 2 A
FHEREE . VAL 25 5 s Ao T AR B3 X H Al
I SNy I SR AR S N i EA c {7 e o e o
S5 TR M B 22 A 7R M 28 () R B
BB P TR | b T35 P S5 b o 22 4 KU

3 45

(1) RS B3 T 225 8]y PR R PR s
b7 VA Y P A ST T AT MATLAB
FELRAE DL AR 2 s 9 o7 P R T A i i
T3 P TR 0 J5 A S 9l T DR P T s ] o
TREE AP DA

(2) MHAS ST H A9 PP AL 7 35 4R bk 5 IX 2 310



6 B T T Y 2 2024 4E
119°40' 120°40
130°30" 30°30"F
; [ERERS ¥,

\ ] o

P T 35
i ERIEIX
TP :
N
W&E
S
H R 25 8] o5 AR E (m)
(I) ll() 210 3|0 km 211X occupancy depth of UUS (m)
0~10 40~50
10~20 I 50~60
20~30 B 60-70
30~40 B 70-80
129°50" 29°50'
119°40' 120°40

7 WU T I Xl 2 ) PR 2 A ]

Fig. 7 Spatial distribution of occupancy depth of UUS in main urban area of Hangzhou

el JBE AR AR = Al SO B R GIS &S TRl oA
X3 T 2 ] o FH I BE RS- T 23 A b Ry AT T Al A
SRR Rl b T 2 [R] S AR i 5 8 Y L b 2
6] 7 P O SR ALl R 228 P AR B 52 45 T
PO RORDRS FE S SR v J3E AR G B R = 24 3l o A
TURG L

(3) A SCHE Y PR Ak D7 25 AR 0 001 5 DX ke
W SR DO R S 6 SN PN - | B A= D B g = 57
ARERE R 2% B B 2R A A 2 2 LA A SR
ARAAUARE AT 58 %5 G AR 4R U1 00, TF e 5 A
(7] At 2 A8 () IR T 1t 2 () o IR BE P

£ % X #t / References

(The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)
OB, TRERIC, 2R, i, B, T, 2019, I T A3 1H]

R 5 22 2R IO A AE. AR ARHBITT, 40(3) : 226~233.

AR, T4, SKER, TR, . 2021, ST T 48 MR IR SR &
RO TAEMAE. HF AR, 40(10) ; 1602~ 1608.

BRI, 2RI, B, AR, KRR, B4, 2023, Hb ML R T
FEH IR b S RS B — AL BT —— DA == W R T R Xy
. HJREPE, 69(1) : 396~409.

fafde, FREEZR, FBLL, T4k, XIF, 258, X577, TSRS,
2019. 3T b A5 (8] B U5 By 1k 0 5% K N . b S 4,
38(9) : 1571~1580.

ZERAN, XAl BECE, NI, sk, s 2021, WA
M IR (5 s ) R A R AR k. Mo SE R, 40(5) -
798 ~ 806.

LA, T, WU, RPN SEEREE. 2019, WTTHE R4S RF &Y
HRIE TSR, MIZERTZ, 26(3) : 32~38.

JRELR, 3k, X243, TR 2015, SR = 2 BT e % L7 ok
AL AP AR, R R, 34(7) : 1350~1358.

REgE, | OE, VPN, SR, SRER XBUERE. 2022, FRREARTTIE
ST bR 2 A1 U & R FH BRAR 5 b B A SR b BRI
68(2) : 593~605.

U, BRAAE, BRI, 2558, WhEE &XBMS, T4, JldE. 2017.
HTREEARIRNE S SRR YR EM T B
RERI, 32(5) ; 844~850.

TEME, SEUL, B, fefd, MR, MR, 2022, IRTTHL T




7H A5 o Tl 0 8 R S VR B R T T 2 T ot P TR B DR PP e —— AT M T g 51 7

23 ] 26 R FH 3t B T = e PP R AR AR R AT
L. TS TE, 68(2) : 607~614.

REE4E, Eat, XML, FMR. 2013, BEIE FF42XT QB BAE R 1] 52 ) F
PRSI, & 1%, 34(2) : 475~482.

B, e, o, HOBE. 2003 RN = g MR Ky
A R P AR 1 UGS T d N S i g e SR A b i 2
30(3): 529~536.

e, EA, BBE, W, HA4%, KKK, BREE, 2ok, 7
Jete. 2022, BT R A W BT IRER I PP R IA R BT, ER
i, 43(2) ; 245~254.

BILZR, KT, BRaETE. 2014, Iy s SCAR A DX i T 48 [ 95 9505 4 A5
BILR G TR, 3R a5 TR, 10(4) : 739~744.

Rate, T, FrilE &, E0F, shifel, kMg, 224 2019.
TATAT 3 L300 117 b 2 8] F 42 ) ) 1) 45 06 . b 2 i 2%
26(3) . 22~31.

Cheng Guanghua, Su Jingwen, Li Cai, Yang Yang, Zhao Muhua, Wang

PIBTM T

Rui. 2019&. Strategic thinking of urban underground space
exploration and safe utilization. East China Geology, 40(3) : 226~
233.

Ge Weiya, Wang Rui, Zhang Qing, Xing Huaixue, Zhou Jie. 2021&.
Conception of comprehensive utilization evaluation of urban
underground space resources. Geological Bulletin of China, 40
(10) : 1602~ 1608.

Gou Fugang, Li Mingliang, Ou Jian, Gu Chunsheng, Cai Tianlu, Mao
Lei. 2023&. Integrated evaluation of the suitability of geological

environment for above-ground and underground engineering

construction Taking the urban planning area of Lianyungang City
as an example. Geological Review, 69(1) : 396 ~409.

Guo Jiateng, Wang Xulei, Wang Jiangmei, Dai Xinwei, Wu Lixin, Li
Chaoling, Li Fengdan, Liu Shanjun, Mark Walter Jessell. 2021.
Three-dimensional geological modeling and spatial analysis from
geotechnical borehole data using an implicit surface and marching
tetrahedra algorithm. Engineering Geology, 284, 106047.

He Jing, Zheng Guisen, Zhou Yuanxin, Wang Jiming, Liu Yu, Li
Chao, Liu Liyan, He Hanhan. 2019&. Research and application of
detection methods for urban underground space resources.
Geological Bulletin of China, 38(9): 1571~ 1580.

Li Hongzhao, Liu Changli, Lv Dunyu, Liu Songbo, Zhang Yun, Zhuo
Zijun. 2021&. Remote sensing & engineering geology survey
technology for detection of occupied space by urban building
foundation. Geological Bulletin of China, 40(5) : 798 ~806.

Li Xiaozhao, Wang Rui, Gu Qian, Zhou Dankun, Xin Yunxiao.
2019&. Prediction of strategic demand of urban underground space
development. Earth Frontiers, 26(3) : 32~38.

Qu Honggang, Pan Mao, Liu Xueqing, Yu Chunlin. 2015&. Urban 3-D
geological modelling and its application to urbanization. Geological
Bulletin of China, 34(7): 1350~ 1358.

Shao Jizhong, Liu Guan, Yuan Hong, Song Qize, Yang Minge, Luo
Dan, Zhang Xiaosi, Tan Yanran, Zhang Yuxin. 2022. Evaluation

and scale forecast of underground space resources of historical and
cultural cities in China. ISPRS International Journal of Geo-
Information, 11, 31.

Tang Xin, Gong Xulong, Xu Shugang, Zhang Qiqgi, Guo Hui Deng
Fengli. 2022&. Development and utilization of urban underground
space resources and geological survey countermeasures in southern
Jiangsu metropolitan area. Geological Review, 68(2): 593 ~605.

Tian Feng, Chen Donghua, Huang Xinli, Li Hu, Yao Guohui, Zhao
Junpeng, Ding Feng, Xing Fei. 2017&. Building height estimation
from GF-2 image based on morphological shadow index. Remote
Sensing Technology and Application, 32(5) . 844 ~850.

Wu Wanben, Ma Jun, Ellen Banzhaf, Michael E. Meadows, Yu
Zhaowu, Guo Fengxiang, Dhritiraj Sengupta, Cai Xingxing, Zhao
Bin. 2023. A first Chinese building height estimate at 10 m
resolution (CNBH-10 m) using multi-source earth observations and
machine learning. Remote Sensing of Environment, 291 113578.

Xi Yue, Li Xiaojun, Zhu Hehua, Zhang Wanbin, Zhao Sicheng, Xu,
Wenyun. 2022. Three-dimensional high-precision assessment of
mountainous urban underground space resources; A case study in
Chongqing, China. Tunnelling and Underground Space Technology,
123, 104439.

Xing Huaixue, Dou Fanfan, Ge Weiya, Hua Jian, Chang Xiaojun, Cai
Xiaohu. 2022&. The research on 3D evaluation index system of
geological suitability for urban underground space development and
utilization. Geological Review, 68(2) : 607 ~614.

Xiong Juhua, Wang Yuan, Liu Kan, Sun Qing. 2013&. Effects of
tunneling on vertical bearing behaviors of adjacent single pile. Rocks
and Soil Mechanics, 34(2); 475~482.

Xue Tao, Bao Xunshuan, Zhu Xiaodi, Huang Xiao. 2023&. Attribute
modeling constrained by multi-source data-based 3D geological
structural model; A case study in Tongzhou District, Beijing. Earth
Science Frontiers, 30(3) : 529~536.

Yang Chen, Zhao Shuqging. 2022. A building height dataset across China
in 2017 estimated by the spatially-informed approach. Scientific
Data, 9(1): 76.

Yang Yang, Wang Rui, Zhao Muhua, Xing Huaixue, Zheng Hongjun,
Zhang Qing, Chen Chunxia, Li Yunfeng, Cheng Guanghua.
2022&. Study on exploration and evaluation technology system of
urban underground space resources. East China Geology, 43(2) :
245~254.

Zhao Xudong, Zhang Ping, Chen Zhilong. 2014&. Fuzzy synthesis
evaluation for resource quality of underground space in historic and
cultural blocks. Chinese Journal of Underground Space and
Engineering, 10(4) . 739~744.

Zhu Hehua, Ding Wenqi, Qiao Yafei, Wang Xin, Han Chuanfeng,
Zhang Dongmei, Li Xiaojun. 2019&. Issue and challenges in urban
underground space utilization in China. Earth Science Frontier,

26(3): 22~31.



8 B T T Y 2 2024 4F

Rapid assessment of the occupancy depth of urban underground
space based on building height and stratum thickness

YANG Yang" > ¥ | SU Jingwen" >, ZHENG Hongjun" * , CAI Lei"* , CAI Xiaohu'"* , Wang Rui"?,
XING Huaixue'"* , LI Yunfeng'"* , CHENG Guanghua' *
1) Nanjing Center, China Geological Survey, Nanjing, 210016;
2) Engineering Innovation Center for Urban Underground Space Exploration and Evaluation, Ministry of
Natural Resources, Nanjing, 210016;
3) School of Geoscience and Info-Physics, Central South University, Changsha, 410083

Objectives: The high-density buildings in urban areas actually occupy the underground space resource at a
certain depth below them. The occupancy depth has a significant impact on the interconnected development of
urban underground space (UUS). Therefore, it is imperative to ascertain the occupancy depth and spatial
distribution prior to UUS planning. The occupancy depth of UUS corresponds to the depth of the foundational load-
bearing stratum, and is contingent upon factors such as building height and the geological characteristics of the site.
In this paper, a rapid assessment methodology for determining the occupancy depth of UUS based on building height
and stratum thickness was proposed and applied to the study area of Hangzhou main urban area. Firstly, the
mathematical assessment model was formulated employing building height data from surveys and collected foundation
data. Subsequently, the rapid assessment of occupancy depth of UUS in Hangzhou main urban area was achieved
by the GIS-based spatial analysis using the building data sourced from Baidu and the stratum thickness data
generated by Hangzhou’s 3D geological model. The research results can provide an effective method of assessing
the large-scale UUS occupancy requisite for UUS planning endeavors.

Keywords : building height; stratum thickness; urban underground space; occupancy depth; rapid assessment
model
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