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in Xiongan New Area
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Geological Research Center, China Geological Survey, Tianjin 300170, China)

Abstract: The utilization of underground space is related to geological environment. Identifying the geological
safety risk and their influencing factors of underground space utilization can provide scientific basis for
underground space management and the safety of underground space facilities. Previous studies have utilized
various methods including analytic hierarchy process (AHP), fuzzy mathematics, and neural network to analyze

the geological environment conditions of urban underground space. However, their methods have limitations in
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terms of objective weighting. To address this, considering the data correlation, discreteness, and relativity
(conflict), an improved analytic hierarchy process incorporating the criteria importance through intercriteria
correlation (CRITIC) method was introduced. The CRITIC-Entropy combination weighting method, which made
the weights more scientific and reasonable, was proposed to evaluate the geological safety risk of underground
space utilization. In Xiongan New Area, the geological safety risks related to stress variation, bearing capacity,
submergence and anti-floating, soil pressure change, and sand liquefaction were analyzed. The evaluation focused
on four aspects: space, resources, environment, and disaster. Quantitative indicators, such as aquifer thickness,
characteristic value of soil bearing capacity, compression modulus of soil, ground elevation, buried depth of
groundwater level, land subsidence rate, and sand liquefaction index were selected to construct the geological
safety risk evaluation index system for shallow (0—15 m), sub-shallow (15-30 m), sub-deep (30—50 m), and deep
(50—100 m) underground spaces. The study reveals that the geological safety risk of underground space in the
study area follows a pattern that deep layers have a lower risk compared to shallow layers. The areas with I and
Il risk grades are predominantly located at Baiyangdian and its surrounding areas, east of Nanzhang town, and
east of Daying town. The cumulative acreage of I and II risk grades in shallow, sub-shallow, sub-deep, and deep
underground space accounts for 54.49%, 42.51%, 41.06%, and 42.18%, respectively. Additionally, the dominant
factors influencing the geological safety risk vary across different layers of underground space, while compression
modulus of soil, characteristic value of soil bearing capacity, ground elevation, and buried depth of groundwater
level show high weights. It is also important to consider the risk changes caused by the potential changes of land
subsidence rate, buried depth of groundwater level, and different excavation ways in the future research. These
findings provide a geological foundation for the scientific optimization of underground space utilization and
disaster prevention and mitigation in Xiongan New Area and other similar areas.

Keywords: underground space;

geological safety risk; combined weighting with CRITIC and entropy;

Xiongan New Area

U IL Ak, T FE Sk A 2 AR AN W, — S AR

7K SCHb BT TR b S 55 5

e 0% el (U R R o A N (SR TN SR A S B SR

JEEGIRT S b R B A <A
h figp e o B (] B, b 25 ] A Rk R A — 2% A 2K
AR M B ER A Oy R 2 ] A 7R A, R
293ty T 5 AR A A 23R, A RO TR BURR 50
A AL R AR 2 R T s TRDR A 54 4 X
W 2R N HE e R, AT LS S R e A ) 4
[ 25 A, AT 4 T U0 AL 0] 3t 245 [ S50 Fe) 22 4 B g
JE o PRI, IR M 25 18R] P 522 4 XU A 98 AT
A B SN E

E AW R, S R 23 18]I R T A i i
JRIREUE e . A =S (A ey i . TR IR 25 1) 22 4T KA
P TF M A7 e 9 % g 4 25 1 S5 75 T PO Y, 1 e
Z RV S e MM Tk SRR AT, B
BT, A5G 273 BE T 3 Ml 24 TA] 0 il SR 358 2% 1 AR
JIEE T S S BT Jie 1 M o 2 4 AU 3R R B 52, LA
HR, QL N S5 X kg S HEAT T M B
PEPEAN o PRAS [) i DX Jo B 58 2% 4 A7 1 22 7, I

TR SN IATTRIT SN N S VAN =i Y e = A I T
LN L B F AN O S S <908 3 W e SR R R 1 P
IR 43 M7 ¥ (analytic hierarchy process, AHP) ™' AUk £5
RO M 2L AN (Entropy ) ' T
PRAE i HE ¥ 7 (technique for order preference by similarity
to ideal solution, TOPSIS)!"* ™" 45 . % R4 5 vk 45 A
DLk, (ELS2 MR DR 38 A Y 5 BRAfG o HL O e~
YT A P T3 VA AR WAL T T A AE — E A
FB AR UTE 5 R Wil DR 28 B0 AR G L O AR X
PR g ) Bl b, 8 T 2k R WO i, Sl ATEH
b AIF 5 UL T A JE T 48 BR AH DG A4 98 A AL B o
£ (criteria importance through intercriteria correlation,
CRITIC)™ 2"} Hi CRITIC-Entropy 2H & i £ 32 17
b T S [R5 42 4 U PE A B9 . TRt & H
T 1l TS 725 [A) Ml S5 22 4 XU, 53 J2 0T 52 8 40 A /0 1 ) Rt
BT 2 B DX J5T A 05 U A BN, NS TR BEUR L BR
B, REWA W K, BERIN T A R ST



2024 4F

XA, S5 22 7 X T 25 8] ) T 5 22 4 DR B - 209 -

P AR AR D A A M 2 4 KR B
I 23 8] 23 J2= M P M o 22 4 XU A uﬁﬁﬁﬂﬂ?
[F1) 1) FH RS Bk 000 A 1 Bl U ARt~ A A

1 AREXHEER

1.1 XIRAEA

Tk 2 3 X ASE TR AT L AR 2 T b SR g, ks
W, MR 3 B R AR A K, A2 1770 km?
(1) o ML H X RRIE L — . AR 28
HIYK & 2 (B A3 Jay, Horpr, «— 3 | AUl 248 X 4
il S AN DR o i 223 X W T 2 U S fi, £
AR K B 480.8 mm, 2 AR F- R 12.6 °C HiLTfT
/N 26 m, MU PE AL R L ARG, PR N
2%, JRHEFF I M 52 R0 0 55 DU R b 2 & B,
JEBE— R T 100 m, DABPE AR il B O 320 K3
DL S — T Bk X R L, Db X8 38 % T e AL A
HHLHERRY), DA T st B IR K R R F
IR . S5 U R ALK IR A M R ﬂa'Jﬁv\ﬁ&F'ﬂ%u
TRIZ W20 Hod 100 m LR R 2 KSR, 4
TR BANEE, NS A BETERE, ﬁﬁﬁiii{ﬁiiqj
B, BAR W8 R kA, AR 3o B s ™ >
100 m DAy Hb )25 T 8% Hi 5 2% 14 R 4O, (A7 A b ThT DT
R . B A S5 b S B 85 )

S %ﬁ \
I’Jll’iﬁ xl+)$‘fﬁ LIHF‘ 5 10km
%/%\\J o gl}ﬁ
—— IR XA
FHFEIESEX
Fig.1 Location of the study area
1.2 M2 4 XU 23R 3 i
T 5T 2 PR AT I 22 S T AR R AR e 2
DX b 5t B 35 2% 4 R0 AT ) A B0 TR, NS TE] L B

“—F. AEHTT B
BE1 HRXHIEMNEE
DR M J5T B35 1 5 AN [R], AS (] s DX 4B 253 8] A1) FH
Ui PREE . UCHE 4 Z S, K RT RESZ I 100 m YR

PRl s ) R T A S B 22 e KU Ja o3 S I T S
AR AR | AR B S | 5 PR R . R X
W5 R A XU 25 2 7Y (5] 2) o A URIT 415 11 o 22
S AP, B FR R A T 2 TR M) 22 4 XU 1) 3t TR )
HE.

KD

RET)
RS

— ZW < R P

— R { REIHR R SRR

Rl i

PRI T A ] xm-fm% \
LbFEe g < Bhlfk ]
B2 HRREREERSHTIER

Fig.2 Frame chart of geological safety risk factors
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Table 2 Partition of soils compression modulus
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Table 4 Index system of geological safety risk evaluation on underground space utilization
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Table 5 Results of CRITIC weighting method for shallow underground space
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Table 6 Results of entropy weighting method for shallow underground space

IR e Y LN JHEL SOAE Entropy X #/%
N7 7 5745 b B2 4 IR 0 ~ 15 m# /KD J2 R B /m 0.978 8 0.0212 1.70
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TR M 22 2 A S
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Hiv TR 5 /m 0.928 1 0.0719 5.79
WIS UL 2 4 KUK N
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Fig. 6 Indicator weight maps of underground space in different depths
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