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Abstract. The evaluation of underground space development suitability is a 

crucial initiative for the multidimensional development of cities. It serves as the 

primary foundation and basis for formulating scientific and rational underground 

space utilization plans and land use regulations. Recent domestic research has 

predominantly focused on plain urban areas with simple geological conditions. 

This study selects the construction planning zone of Tangshan City, characterized 

by complex geological conditions and abundant mineral resources, as the 

research subject. Utilizing high-precision comprehensive geological survey data, 

we established an evaluation index system for underground space development 

suitability. By employing the Analytic Hierarchy Process (AHP), we constructed 

both structural and evaluation models, and assessed the suitability of 

underground space development across different stratigraphic depths. The results 

indicate that the Tangshan construction planning zone generally demonstrates 

favorable conditions for underground space development, with all strata within 

the 0-80m depth range being suitable for development. Specifically:0-10m depth: 

Suitable areas account for 91.65% of the total, while moderately suitable areas 

comprise 8.35%;10-30m depth: Suitable areas represent 97.22%, with 

moderately suitable areas at 2.78%;30-80m depth: Suitable areas cover 96.25%, 

and moderately suitable areas 3.75%. Key controlling factors for suitability 

include: Distribution of faults and fracture zones; Seismic acceleration 

parameters; Water inflow characteristics. The relative importance of other 

evaluation indicators varies across different stratigraphic layers. These findings 

provide fundamental data and technical support for formulating underground 

space development plans in Tangshan's construction planning zone. 

Keywords: First Keyword, Second Keyword, Third Keyword. 

1 Introduction 

With the continuous development of urbanization, the development of urban under-
ground space has received increasing attention from urban planners and managers [1-5]. 
The development of urban underground space first originated in the UK in the 1860s. 
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After the 20th century, the United States, Japan, and other developed countries or re-
gions in Europe gradually began to develop urban underground space. In China, the 
development of urban underground space started relatively late, beginning in the 1980s. 
Before the implementation of urban underground space development projects, one of 
the important steps is to conduct an evaluation of the suitability of underground space 
development [6]. 

Scholars at home and abroad have carried out a large amount of research work on 
the evaluation of the suitability of underground space development, with the research 
focus mainly on the construction of evaluation index systems and evaluation methods 
[7-12]. The construction of the evaluation index system mainly focuses on the above - 
and below - ground conditions of the geological body on which the underground space 
depends (including topography and geomorphology, basic geology, regional stability, 
engineering geology, hydrogeology, environmental geological problems, etc.). Key in-
dicators include the activity of fault structures, foundation bearing capacity, groundwa-
ter depth, etc. There are many evaluation methods for the suitability of underground 
space development, mainly including: linear weighted function method, fuzzy mathe-
matics method, grey evaluation method, entropy weight method, expert scoring 
method, analytic hierarchy process (AHP), etc. [13-19]. Each method has its own ad-
vantages and disadvantages, and a relatively standardized or standard evaluation 
method system has not been formed yet. At present, during the development of urban 
underground space, the analytic hierarchy process is a widely used method for evaluat-
ing the suitability of underground space development. 

Tangshan is an important economic city in Hebei Province, China. The limitations 
of urban above - ground space have severely restricted the development of the social 
economy. The development of underground space will effectively relieve the pressure 
on the control of the use of urban land and space. However, the geological conditions 
in Tangshan are complex, and the development of underground space must be carried 
out with extreme caution. Accurately evaluating and fully demonstrating the suitability 
of underground space development is a crucial link. This paper selects the urban con-
struction planning area of Tangshan as the research object. Based on the results of de-
tailed comprehensive geological surveys, the analytic hierarchy process is used to eval-
uate the suitability of underground space development in the construction planning area 
of Tangshan, providing basic technical support and reference for the urban underground 
space planning and development of Tangshan. 

2 Geological Overview and Evaluation Methods 

2.1 Overview of the Construction Planning Area 

The construction planning area of Tangshan City is located on the west side of Tang-
shan City (Figure 1), including the Jingtang Smart Port area and the Tangshan New 
City planning area, with a total area of 99.28 km2 (including 16.83 km2 of Jingtang 
Smart Port planning area and 82.45 km2 of Tangshan New City planning area). The 
construction planning area is located in the central part of the Jidong alluvial plain in 
the North China Plain, south of the Yanshan Mountains and north of the Bohai Sea, 
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adjacent to the center of Tangshan city. It is 118 kilometers southwest of Tianjin city 
and 164 kilometers northwest of Beijing city. The overall terrain of the construction 
planning area is low in the south and high in the north, mainly consisting of artificial 
landforms, hills, and alluvial plains. It belongs to a warm temperate semi humid mon-
soon climate, with abundant mineral resources and developed economic industries. The 
area is crisscrossed by highways and railways, including the Jingshan Railway, Jinqin 
High speed Railway, Zhangtang Railway, Jingqin Intercity Railway, Changshen Ex-
pressway, and Tanglang Expressway, providing convenient transportation conditions. 

 

 

Fig. 1. Location map of the research area 
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2.2 Regional Geological Survey 

In 2021-2022, high-precision comprehensive geological surveys were carried out to 
fully investigate and grasp the geological conditions of the planned construction area 
in Tangshan City, mainly including basic geological surveys (1:25000), hydrogeologi-
cal surveys (1:25000), engineering geological surveys (1:10000), geological hazard 
surveys (1:10000), shallow geothermal energy surveys (1:25000), land quality surveys 
(1:10000), earthquake safety evaluations (hole spacing of 700m), and surveys and eval-
uations of overlying mineral resources. The data used for the suitability evaluation of 
underground space development mainly comes from various thematic achievement 
maps and reports formed through high-precision comprehensive geological surveys. 

2.3 Suitability Evaluation Method 

Adopting Analytic Hierarchy Process [20]to evaluate the suitability of underground 
space development in the construction planning area of Tangshan City. This method is 
a decision analysis approach that combines quantitative and qualitative methods. It 
mainly divides the problem into different sub objectives based on the overall goal to be 
solved, and then forms a multi-layer structure according to the logical relationship be-
tween the objectives. The sub objectives are compared pairwise to determine their im-
portance, and a judgment matrix is used to determine the importance of the lower level 
objectives to the upper level criteria. Finally, the importance of the sub objectives to 
the overall goal is determined. The Analytic Hierarchy Process (AHP) has unique ad-
vantages in the comparative study of multiple factors. It can effectively break down and 
subdivide complex problems with multiple factors. Through scientific and effective 
mathematical calculations and rigorous analysis, the optimal solution can be found and 
effective scientific basis can be provided. 

The evaluation process of underground space development using Analytic Hierarchy 
Process can be summarized as follows: firstly, understanding the overview of the con-
struction planning area, mastering the regional geological survey data, and conducting 
suitability analysis of influencing factors; Then, by screening geological element indi-
cators and combining them with standardized criteria for indicator grading, a suitability 
evaluation index system for underground space development is constructed. Based on 
the comprehensive screening of indicators and grading, an evaluation hierarchy model 
is constructed; By constructing the Analytic Hierarchy Process judgment matrix T, the 
weights of suitability evaluation indicators are obtained, and the importance ranking of 
each evaluation factor is obtained. Then, the weight matrix of suitability evaluation 
indicators for underground space development is derived; By using the comprehensive 
index evaluation method combined with the weights of various evaluation factors, the 
suitability evaluation models and comprehensive evaluation models for underground 
space development in different depths of strata are obtained, and the suitability evalua-
tion results for underground space development are finally derived. 
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3 Geological Condition Analysis 

3.1 Basic Geology 

The research area is located in a sloping alluvial plain, which is a middle late Pleisto-
cene alluvial fan of the Luan River. The ground is flat, with a slope of generally 0.5-
1.5%, and locally up to 2-3%; The strata are based on metamorphic rocks from the 
Precambrian period, with sedimentary cover layers developed from the Middle Upper 
Proterozoic to the Cenozoic period. The thickness of the Quaternary period is about 
100-300m, with no exposed bedrock; The main distribution includes Fengtai Yejituo 
Fault, FL10-5 Fault, Beiziyuan Fengnan Fault, etc. 

3.2 Engineering Geology 

The research area is mainly distributed with cohesive soil, silt, sand, gravel soil, and 
fill soil. Among them, cohesive soil, silt, and sand are widely distributed with thick-
nesses of about 0.40-28.80m, 0.40-10.90m, and 0.40-22.20m, respectively; Gravel soil 
is mainly distributed within a burial depth range of 25-200m, with a layer thickness of 
0.50-44.80m; The thickness of the fill soil varies from 1 to 4 meters. According to the 
geomorphic features, the study area can be divided into alluvial engineering geological 
zone, lacustrine engineering geological zone, and lacustrine engineering geological 
zone. The main engineering geological problems include soil erosion and locally scat-
tered poor foundation soil. 

3.3 Hydrogeology 

The shallow groundwater in the research area is mainly composed of pore water in 
loose rocks of the Cenozoic era. The shallow groundwater floor in the Tangshan New 
City planning area is buried at a depth of 60-90m, with an aquifer thickness of 40-70m. 
The water level is generally buried at a depth of 5-30m, gradually deepening from south 
to north; The shallow groundwater floor in the Jingtang Smart Port area is buried at a 
depth of 60-140m, with an aquifer thickness of 45-100m. The water level generally 
deepens from northwest to southeast at a depth of 5-30m. 

3.4 Geological Hazards 

There are mainly geological disasters such as goaf collapse and ground subsidence in 
the research area. The impact of goaf collapse mainly comes from Donghuantuo Mine 
and Tangshan Mine, located in the northwest and southeast corners of Tangshan New 
City Planning Area, respectively; Ground subsidence is distributed in the southwest and 
is mainly affected by groundwater extraction. In recent years, its development has 
shown a slowing trend. According to the requirements of the Code for Seismic Design 
of Buildings [21], the equivalent shear wave velocity of the 20m soil layer in most areas 
of the study area is 250-300m/s, indicating good site stability. 
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3.5 Geothermal Energy and Overburden Mineral Resources 

The burial depth of the constant temperature layer in the research area is generally 
20~30m, with an average depth of 25m. The temperature is about 12.5~15.5 ℃, and 
the overall temperature gradient does not change much, generally less than 
2.0 ℃/100m. The temperature of the constant temperature layer in the Jingtang Smart 
Port area is 12.5-13.5 ℃, and the ground temperature gradient is generally 1.0-
1.5 ℃/100m. Only the southern part of Huanghuagang has a temperature greater than 
13.5 ℃ and a ground temperature gradient greater than 1.5 ℃/100m. The temperature 
of the constant temperature layer in Tangshan New City area is generally higher than 
that in Jingtang Smart Port area, ranging from 13.0 to 15.5 ℃; The temperature gradient 
is generally 1.0~1.5 ℃/100m, with only the Hancheng Yuanjiazhuang Liugezhuang 
line, Lijiazhuang, and Liguantun areas having a temperature gradient greater than 
1.5 ℃/100m, and the highest value reaching 2.75 ℃/100m. 

Within a 300m extension of the research area, there are 7 mining areas with overly-
ing strata and 2 mining rights. Among them, the Jingtang Smart Port area involves one 
mineral deposit and one mining right; There are 6 mineral deposits and 2 mining rights 
in Tangshan New City. At present, mining has been stopped. 

4 Evaluation of Suitability for Underground Space 
Development 

4.1 Construction of Suitability Evaluation Index System for Underground 
Space Development 

Indicator screening. Based on the analysis of geological conditions, the suitability 
evaluation indicators for underground space development in the research area are 
mainly considered from the aspects of basic geological conditions, engineering geolog-
ical conditions, hydrogeological conditions, shallow geothermal energy, overlying min-
eral resources, geological disasters, etc. [22]. The specific situation of considering indi-
cators, screening criteria, and whether to include them in the evaluation indicator sys-
tem is shown in Table 1. 

Table 1. Index selection for suitability assessment of underground space development 

First level indica-

tor 

Secondary 

indicators 
Screening Criteria 

Whether in the 

indicator system 

Basic geological 

conditions 

Elevation and 

slope 

If the slope is too steep, it will increase the 

development cost. If it is less than 5% in this 

area, this indicator can be ignored 

No 

Engineering geo-

logical conditions 

Rock and soil 

type 

The soil density of the stratum where the de-

velopment depth is located is relatively high, 

the overall engineering properties are good, 

and there is no special distribution of rock and 

soil. This indicator can be ignored 

No 



 

The groundwater below a shallow develop-

ment of underground space 
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Foundation 

bearing ca-

pacity 

Beneficial for 

the proportion 

of develop-

ment layer 

thickness 

The distribution of bearing capacity on the 

surface of foundations at different depths var-

ies and needs to be considered layer by layer 

The distribution of rock and soil types in dif-

ferent depths of strata varies on the surface 

and needs to be considered layer by layer 

Yes 

Yes 

Distribution 

of fractures 

and broken 

zones 

Mainly considering the influence within 5km 

and 10km on both sides of the Holocene ac-

tive fault, the complex structure in the area 

has a significant impact on the development 

of underground space 

The liquefaction of sandy soil in Yangyikou-

kou Village Moyizhuang, Xiaodaodi Village, 

Yes 

Sand lique-

faction 
and the southeast area of Zhongmenzhuang 

has a significant impact on the stability of site 

construction 

Yes 

Ggroundwa-

ter type 

ment depth of 80 meters in the research area 

is mainly composed of shallow loose rock 

pore water, which does not have differential 

distribution characteristics 

The burial depth of water level gradually 

No 

Hydrogeologic 

condition 

Ggroundwa-

ter depth 
deepens from south to north, and the distribu-

tion on the surface has differences 

There is no complete distribution of aquitards 

Yes 

Groundwater 

inflow 

between the upper aquifers, which has strong 

infiltration recharge and water storage condi-

tions, and has a certain impact on the develop-

Yes 

Shallow geother-

mal energy 

Shallow geo-

thermal en-

ergy 

The overall temperature gradient does not 

change significantly 
No 

Overburden min-

eral 

Overburden 

mineral re-

sources 

There is currently no mining or planning No 

Karst collapse 

22 karst collapses have developed in the ur-

ban area of Tangshan, far away from the study No 

Geological disas-

ter 
Mining sub-

sidence 

area, with almost no impact 

The impact of goaf collapse mainly comes 

from Donghuantuo Mine and Tangshan Mine, 

located in the northwest and southeast corners 

of Tangshan New City in the working area, 

respectively 

Yes 



Land subsid- There are differences in the distribution of cu-
Yes 

4 points 3 points 2 points 1 point 

neering 

Suitability Evaluation of Underground Space Development in The …             569

ence 

 

Corrosivity of 

soil and water 

mulative quantities over the past five years 

Scattered distribution of soil and water corro-

sion within the research scope can have a cor-

rosive impact on underground buildings 

Yes 

Earthquake safety Seismicity 

Within a 25km radius centered on the plan-

ning area, there have been 26 earthquakes of 

magnitude 4.7 or above in history, and the im-

pact of earthquakes needs to be considered 

Yes 

Grading of evaluation indicators. Referring to the "Code for Engineering Geolog-
ical Survey of Urban and Rural Planning"[23], analyze the characteristics of the adapta-
bility evaluation indicators for underground space development and their possible im-
pact on underground space development and utilization (underground space develop-
ment mainly considers strata with a burial depth of less than 80 meters), classify and 
assign values to each individual indicator (Table 2). Considering the characteristics of 
engineering geological conditions, the two indicators of foundation bearing capacity 
and development layer thickness are graded and assigned values according to three dif-
ferent layers: 0-10m, 10-30m, and 30-80m. 

Table 2. Classification and assignment of index for suitability assessment of underground 
space development 

First level 

indicator 

Second-

ary in-

dicators 

Third level 

indicators 

Bur-

ial 

dept

Grading and assigning evaluation indicators 

S
u

itab
ility evaluatio

Basic 

geologi-

cal con-

ditions 

Distribution 

of fractures 

and broken 

zones (Q1) 

Distance from 

general 

faults>100m 

or active 

faults>500m 

Distance 

from gen-

eral fault 

100-50m 

or active 

fault 250-

500m 

Distance 

from gen-

eral 

faults<50

m or ac-

tive faults 

50-250m 

Dis-

tance 

from 

active 

frac-

ture<50

m 

h 

0～

80m 

n
 of u

nd
ergroun Engi-

0～10m 

foundation 

bearing ca-

pacity (Q2) 

≥200KPa 150～200 100～150 <100 
0～

10m 

d s 10～30 

p
ace d

evelop
m

e

geologi-

cal con-

ditions 

mfoundation 

bearing ca-

pacity (Q3) 

30～80 

≥300KPa 250～300 150～250 <150 
10～

30 m 

nt  mfoundation 

bearing ca-

pacity (Q4) 

≥300KPa 250～300 200～250 <200 
30～

80 m 



 

of soil and corrosive-
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0～10m Ben-

eficial for the 

proportion of 

development 

layer thick-

ness (Q5) 

10~30m Ben-

eficial for the 

80～100% 60～80% 40～60% 
0～

40% 

0～

10m 

proportion of 

development 

layer thick-

ness (Q6) 

30～80m 

Beneficial for 

the propor-

tion of devel-

80～100% 

80～100% 

60～80% 

60～80% 

40～60% 

40～60% 

0～

40% 

0～

10～

30 m 

30～

opment layer 

thickness 

(Q7) 

Corrosivity 
Micro corro- Weak cor-

Moderate 

40% 

Moder-

ate to 

strong 

80 m 

0～

water (Q8) 

Sand lique-

siveness 

Mild liquefac-

rosiveness 

Mild lique-

ness 

Moderate 

corro-

sive-

ness 

Severe 

80m 

0～

faction (Q9) 
tion or no liq-

uefaction 
faction 

liquefac-

tion 

lique-

faction 
80m 

Hydro-

geologic 

condi-

Shallow 

groundwater 

depth (Q10) 

20～30m 10～20m 5～10m 0～5m 
0～

80m 

tion 
Water inflow 

(Q11) 
<1000 m3/d 

1000～

3000 m3/d 

3000～

5000 m3/d 

>5000 

m3/d 

0～

80m 

Geolog-

Annual aver-

age subsid-

ence of 

ground sub-

<10 mm/a 
10～30 

mm/a 

30～50 

mm/a 

>50 

mm/a 

0～

80m 

ical dis-

aster 

sidence (Q12) 

Mining sub-

sidence (Q13) 

No goaf col-

lapse 

The impact 

of goaf 

collapse is 

relatively 

small 

The im-

pact of 

goaf col-

lapse is 

significant 

Mining 

subsid-

ence 

area 

0～

80m 
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Earth-

quake 

Seismic ac-

celeration 0.14～0.19g 
0.19～

0.28g 

0.28～

0.38g 

0.38～

0.75g 

0～

80m
safety (Q14) 

4.2 Hierarchical Structure Model for Suitability Evaluation of Underground 
Space Development 

Establishment of hierarchical structure model for suitability evaluation of under-
ground space development. Based on the basic principles of Analytic Hierarchy Pro-
cess and the screening results of suitability evaluation indicators for underground space 
development (Tables 1 and 2), a hierarchical structure model for suitability evaluation 
of underground space development in the construction planning area of Tangshan City 
was established (Figure 2.). 

 

Fig. 2. Construction of hierarchical structure model  

Determination of Weight for Suitability Evaluation Indicators of Underground 
Space Development. Using Satty1-9 scales (Table 3), compare the importance of each 
indicator pairwise to form a judgment matrix T (Equation (1)). 

Table 3.   Identification and meaning of judging matrix in the expert analytic hierarchy 
weighting Process 

Scale Meaning 

1 Indicates that two factors have equal importance compared to each other 

3 Compared to two factors, one factor is slightly more important than the other 

5 
Indicates that one factor is significantly more important than the other compared to two 

other factors 

7 Compared to two factors, one factor is more important than the other 

9 Indicates that one factor is extremely important compared to the other 



 

 

3 logic condi-
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The median of the two adjacent judgments mentioned above represents the transitional 
2,4,6,8 

period between the importance judgments 

Comparing factor xi with xj yields a judgment of uij; On the contrary, comparing factor
Reciplocal 

xj with xi yields the judgment that uji=1/uij 

Construct a judgment matrix T based on this: 

𝑢ଵଵ
𝑢ଶଵ

𝑢ଵଶ ⋯
𝑢ଶଶ ⋯

𝑢ଵ௠
𝑢ଶ௠

⋮ ⋮ ⋮ ⋮
𝑢௠ଵ 𝑢௠ଶ ⋯ 𝑢௠௠

൪                    Equation (1)  𝑇 ൌ ൦

In the formula, U={u1, u2,..., um} is the evaluation factor vector, and Uij represents 
the relative importance value of Ui to Uj. 

According to the judgment matrix, calculate the maximum eigenvalue of T and its 
corresponding eigenvector. The obtained eigenvector is the importance ranking of each 
evaluation factor. After consistency testing, obtain the weights of each factor. Table 4 
shows the weight matrix of the final suitability evaluation indicators for underground 
space development. 

Table 4.   Weight matrix of index for suitability assessment of underground space development 

Serial Indicator layer weight 

Num-

ber 

Criterion 
layer 

Indicator layer 
0～10m 10～30 m 30～80 m 

1 
Basic geolog-

ical condi-
tions 

Distribution of fractures and broken 
zones ractures and broken zones 

0.15 0.26 0.30 

0～10m Foundation bearing capac-
0.13 —— —— 

ity 

10～30 m Foundation bearing capacity —— 0.05 —— 

30～80 m Foundation bearing capacity —— —— 0.02 

2 
Engineering 
geological 

0～10m Beneficial for the proportion of 
development layer thickness 

10～30m Beneficial for the proportion 

0.05 —— —— 

conditions 
of development layer thickness 

—— 0.10 —— 

30～80m Beneficial for the proportion 
of development layer thickness 

—— —— 0.06 

Sand liquefaction 0.05 0.06 0.03 

Corrosivity of soil and water 0.03 0.05 0.05 

hydrogeo- Groundwater depth 0.06 0.07 0.08 

tion Water inflow 0.03 0.07 0.22 

Geological 
hazards Geo-

Land subsidence 0.03 0.02 0.01 

4 
logical haz-

ards 
Mining subsidence 0.05 0.06 0.07 

5 
Earthquake 

safety 
Ground motion acceleration 0.42 0.26 0.16 
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4.3 Comprehensive Evaluation Model for Suitability Assessment of 
Underground Space Development 

Using the comprehensive index evaluation method (Equation 2), evaluate the suitability 
of groundwater spatial development. 

𝐹 ൌ ∑ 𝑄௜ ൉ 𝑤௜
௡
௜ୀଵ                    Equation (2) 

In the formula: F is the comprehensive index for evaluating the suitability of under-
ground space development; N is the number of evaluation factors; Q (i) is the value 
assigned to the i-th evaluation factor (Table 3); W (i) is the weight of the i-th evaluation 
factor (Table 4). 

The suitability evaluation model for underground space development at different 
depths is shown in equations 3-5: 

(1) Suitability evaluation model for underground space development in 0-10m strata 

𝐹 ൌ 0.15 ൉ 𝑄ଵ ൅ 0.13 ൉ 𝑄ଶ ൅ 0.05 ൉ 𝑄ହ ൅ 0.05 ൉ 𝑄଼ ൅ 0.03 ൉ 𝑄ଽ ൅ 0.06 ൉ 𝑄ଵ଴ ൅ 0.03 ൉
𝑄ଵଵ ൅ 0.03 ൉ 𝑄ଵଶ ൅ 0.05 ൉ 𝑄ଵଷ ൅ 0.42 ൉ 𝑄ଵସ                                                    Equation(3) 

(2) Suitability evaluation model for underground space development in 10-30m 
strata 

𝐹 ൌ 0.26 ൉ 𝑄ଵ ൅ 0.05 ൉ 𝑄ଷ ൅ 0.10 ൉ 𝑄଺ ൅ 0.06 ൉ 𝑄଼ ൅ 0.05 ൉ 𝑄ଽ ൅ 0.07 ൉ 𝑄ଵ଴ ൅ 0.07 ൉
𝑄ଵଵ ൅ 0.02 ൉ 𝑄ଵଶ ൅ 0.06 ൉ 𝑄ଵଷ ൅ 0.26 ൉ 𝑄ଵସ   Equation (4) 

(2) Suitability evaluation model for underground space development in 30-80m 
strata 

𝐹 ൌ 0.30 ൉ 𝑄ଵ ൅ 0.02 ൉ 𝑄ସ ൅ 0.06 ൉ 𝑄଻ ൅ 0.03 ൉ 𝑄଼ ൅ 0.05 ൉ 𝑄ଽ ൅ 0.08 ൉ 𝑄ଵ଴ ൅ 0.22 ൉
𝑄ଵଵ ൅ 0.01 ൉ 𝑄ଵଶ ൅ 0.07 ൉ 𝑄ଵଷ ൅ 0.16 ൉ 𝑄ଵସ              Equation (5) 

4.4 Evaluation Results of Suitability for Underground Space Development 

Based on the single indicator grading and assignment (Table 3) and the suitability eval-
uation results of underground space development, the suitability of underground space 
development is divided into three levels: suitable, relatively suitable, and generally suit-
able (Table5). 

Table 5. Classification of Comprehensive Evaluation Index for Suitability of Underground 
Space Development 

Grade Suitable Good suitability Generally suitable Poor suitability 

Index Range 4≥F>3 3≥F>2 2≥F>1.5 1.5≥F≥1 

According to Table 5, the results of the suitability evaluation for underground space 
development were normalized to obtain the suitability evaluation results for under-
ground space development at different depths of 0-10m, 10-30m, and 30-80m (Figure 
3). 
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Fig. 3 Suitability classification chartLeft: 0-10m stratigraphy, center: 10-30m stratigraphy, 
right: 30-80m stratigraphy) 

According to the statistical results in Figure 3, the suitable area for underground 
space development in the strata with a burial depth of 0-10m is approximately 90.99 
km2, accounting for 91.65% of the total planned area; The area of the more suitable 
region is about 8.29 km2, accounting for 8.38% of the total planned area, mainly scat-
tered in local areas such as Gaozhuangzi Village and south of Chahe Town. In the strata 
with a burial depth of 10-30m, the suitable area for underground space development is 
approximately 95.62km2, accounting for 97.22% of the total planned area; The area of 
the more suitable area is about 2.76km2, accounting for 2.78% of the total planned area, 
mainly scattered along the northeast direction from Gaozhuangzi Village in Jingtang 
Smart Port and the southeast corner of Tangshan New City planning area. In the strata 
with a burial depth of 30-80m, the suitable area for underground space development is 
approximately 95.56km2, accounting for 96.25% of the total planned area; The suitable 
area is about 3.72km2, accounting for 3.75% of the total planned area, mainly distrib-
uted along the northeast direction from Gaozhuangzi Village in Jingtang Smart Port 
and the southeast corner of Tangshan New City planning area. Overall, the suitability 
for underground space development in shallow strata with a burial depth of 80m is 
relatively good, with the best suitability for underground space development in strata 
with a burial depth of 10-30m, followed by strata with a burial depth of 30-80m, and 
relatively poorer in strata with a burial depth of 0-10m. 

5 Discussion 

The suitability evaluation of underground space development is a relatively complex 
and exploratory research stage, and there is currently no relatively unified or standard-
ized indicator system and method system. This article adopts high-precision compre-
hensive geological survey results and evaluates the adaptability of underground space 
development from different depths, laying a good foundation for the accuracy and reli-
ability of evaluation results. However, it should be pointed out that there are still some 
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shortcomings, mainly manifested in: (1) there is a large subjectivity in the selection of 
indicator systems and evaluation methods; (2) In indicator systems of different depths, 
some indicators can achieve hierarchical processing, while others do not. 

6 Conclusion 

On the basis of fully collecting and analyzing high-precision comprehensive geological 
survey results such as basic geology, engineering geology, hydrogeology, and geolog-
ical hazards, this article establishes a suitability evaluation index system for under-
ground space development in the construction planning area of Tangshan City, which 
makes up for the research work on suitability evaluation of underground space devel-
opment in areas with complex geological conditions in China; Using the Analytic Hi-
erarchy Process, a structural model and an evaluation model were established to assess 
the suitability of underground space development in the region. The main conclusions 
are as follows: 

(1) In areas with complex geological conditions and seismic impact, as long as the 
geological survey work covers comprehensively and the work accuracy is high enough, 
the general underground space development suitability evaluation method is also appli-
cable; 

(2) The suitability evaluation index system for underground space development 
mainly includes 5 secondary indicators and 10 tertiary indicators. Among them, in dif-
ferent depths of strata such as 0-10m, 10-30m, and 30-80m, the distribution of faults 
and fracture zones and the weight of seismic acceleration are relatively large, which are 
the main control indicators affecting the development of underground space. In addi-
tion, in the strata with a burial depth of 0-10m, the secondary indicators that affect the 
development of underground space are in descending order of importance, including 
foundation bearing capacity, groundwater level burial depth, proportion of favorable 
development layer thickness, sand liquefaction, and goaf collapse. Other indicators 
have a relatively small impact; In the strata with a burial depth of 10-30m, the secondary 
indicators are, in order, the proportion of favorable development layer thickness, 
groundwater level burial depth, water inflow, sand liquefaction, goaf collapse, and soil 
erosion, while other indicators have a relatively small impact; In the strata with a burial 
depth of 30-80m, the main control indicators also include water inflow, and the second-
ary indicators are groundwater level burial depth, goaf collapse, proportion of favorable 
development layer thickness, and soil erosion. Other indicators have a relatively small 
impact. 

(3) The evaluation results show that the overall suitability of underground space de-
velopment in the construction planning area of Tangshan City is good, and the strata 
with a burial depth of 0-80m are suitable for underground space development. In the 
strata with a burial depth of 0-10m, the suitable area for underground space develop-
ment accounts for 91.65% of the total area, and the relatively suitable area accounts for 
8.35%; In the strata with a burial depth of 10-30m, the suitable area for underground 
space development accounts for 97.22% of the total area, and the relatively suitable 
area accounts for 2.78%; In the strata with a burial depth of 30-80m, the suitable area 
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for underground space development accounts for 96.25% of the total area, and the rel-
atively suitable area accounts for 3.75%. 

(4) The suitability evaluation of underground space development is an important ba-
sis for formulating underground space development plans and engineering construction 
designs. In the process of underground space development, further investigation and 
evaluation based on larger scale geological work are needed for specific underground 
space development and construction projects or purposes, in order to avoid major en-
gineering problems and reduce the geological safety risks that may arise from under-
ground space development. 
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