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Table 1 List of main karst collapses
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Fig. 2 Distribution of karst collapse points
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Table 2 Distribution law of karst collapse

(geological conditions)

TIETRT o BFFE DX 7 50 B R B IS TR] |
550 K T 2 00 R BT IS — B, 2k A A T
ST RN (8 3), F M85 3R 7K B U < PO B S

WA IR OO i I KRR o L T (AT,
wikik " - 66.70% I 5 B S L AE B B 1 o110/ T 2 Km )
<1 15 71.4 DB (R 3).
Wiy ' N Sy
- 6 26 5351, WK A4 F K R B A 32, Wk s Fe

FAKARNR L S I O R AR R . A E
AHEL 2, SR RIVE A8 7 2 v 3 I b 5 9 T 1Y
KB A, 20 228 80 AR HI R I YT T X M
KB U 2O B0, % B B K A AR - 3 AR
2.42 m; 20 1H20 90 AR AR Ik T PR % R, J5 Sk —
=5 — i R KSR AR N, T 2k T A,
U Sk rf A P A % B BoK AL AR AR IR 2 A E)
7.02 m, I 3F HO K ALY R B 1.35 m, KA AL

FAE Py BL A SRR P g i 2 VS SRR ) R B o
B ] T 52 SR B TR 25 5 5 U TS IR A 1 R A
1993 4 2 2012 4EWF 5% XA I SR B R I kAR Y
W2 ETTE 5-8 H (K 4) . M/KIAWIR 4 AR
B 5 1 G LA S KB, /K T3 BERGR, bR
KBTI K, Wi FARWBEKERE, KRR TR
FNEFLBRIK, 7K I e v A e, L )2
B AL AE 1 URL ) 5 22 5 [m] ) 2 Vs K A A Y 5
VU 2 R I B 2 7 i K SR Z R, 2 v = A £



1090 AR

2023 4%

WE

- ARE 0 1 2 km

O] O]  [em]

1990 4FJi-1-YEE 1995 4Fi--YEFF 2000 4FJi--7EE 2004 -6 1-FEE 2009 F-Hu-=F T 150 ARGy
B3 ERKEERRRRR D E

Fig. 3 Distribution of depression cones of karst water and collapse points

®3 ARSBRISGHAE (BRER)

Table 3 Distribution law of karst collapse (inducing factors)
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Fig. 5 Water level process diagram of karst collapse point (Lanshan community)
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Table 5 List of the value range of influencing factors
3SR AR i PR 2 A T (0~10)
FEASK RiES
AL T 0-2 24 46 68 8-10
AR B ¥ BAREHE EE KE BEE
e <0.5 ~ - 0.5~3 N
» JZRE/m s 20~25 15~20 115 3~11
WA L * R £ 505K
5HyiE R /m >1 000 700~1 000 400~700 200~400 <200
5 b F K AR /m >1 000 700~1 000 400~700 200~400 <200
Kpi 5 IKAEAE T ROIERAL  IKOEMERAE  REAEIIAE  BEATRES md
Fnm HA T FHRATLL  TFHRAEWUL  THEWUL NS YT
FE LIk T5~10m T10~20m  F10~20m FATHE20 mPAF
IR AL i /m <1 1~4 47 7~10 >10
vl >8 0003}, A4k
SR T O B S s E i 5000~8 000 3 000~5000 2 000~3 000 <2 000
FEEEE i >SRN
NS REET <6 2.6~8 8~12 12~16 >16
Wk i fmm H R R £ <10 10~25 25~50 25~50 >50
AHMR <40 40~60 60~80 80~100 >100
BN RS
KBS /m >500 200~500 100~200 50~100 <50

R bR A R R S PR SR AT HL AR, 41 200K T3
L S5 G MR AR BOBUE R 73 0 1 TV A5 (A
TRE>8), B B A R (8> AR 18 B>T) , — e pits
SFR (TR AR >0, R TE S 9 (kA5 <o) I
AEEG . Lh 2003 AR R AT U 56 ik A 51, B
T2 2 R A% 52 W) A1 3R LR 7 LAY I 3 S 4 1
fith . 2 A A5 RO S HE A 38 2o X 2 R0 AT AT R

5He6H

01 2km

>9 89

FIRAE, I GIS B v B340 25 0 Ko B -3 1)
REEAT X SR 1

2003 AFEHFFE X P KA ED AT R 6 W/ H L B diE by
BHM 1, 6,11, 16, 21,26 H, PEEUER 4 & A4 5B 58
XEHE (S H 6 H. 6 H 21 H) A s X 2 7 35 B
RAERBOIXE(E 7). 5 A 6 H AT 25 5 8

N, W — 22 /NX — [ 3 i, B —FE =
61 21 H |
i 1'2.1<m
| | KA

E7 ARSERREEESXE

Fig. 7 Zoning map of occurrence index of karst collapse
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Study on the early warning model based on the occurrence
index of karst collapse in Linyi City

Z0U Lianqing]’z, CHU Fujianl’z, WANG Zhentao'”?, YAO Chunmei”’, CHEN Yanan’,
LIAN Bo‘, WEI Zhongai’, MENG Yonghui'’

( 1. Shandong Provincial Territorial Spatial Ecological Restoration Center, Jinan, Shandong 250014, China; 2. Field Scientific Observation and
Research Station for Land Use Safety in the Yellow River Delta, Ministry of Natural Resources, Binzhou, Shandong 251900, China; 3. Surveying and
Mapping Institute of Linyi Natural Resources and Planning Bureau, Linyi, Shandong 276001, China; 4. Shandong Seventh Institute of Geology and
Mineral Resources, Linyi, Shandong 276006, China; 5. Linyi Services Center for Natural Resources Development, Linyi, Shandong 276001, China )

Abstract The urban area of Linyi City is endowed with the basic conditions for the development of karst collapse. In
this area, Ordovician limestone with karst development is widely distributed, and the limestone is covered by a thin
Quaternary overburden with a binary phase structure. From the 1980s to the early 21" century, the rapid development
of Linyi City, the increase of groundwater exploitation and the decline of the overall regional water level led to the
frequent occurrence of geological disasters of karst collapses, causing serious economic losses and social impact.

In this study, the karst collapse in Linyi City is taken as the research object. The distribution law, geological
conditions, and inducing factors of karst collapses are studied through statistical analysis. According to the analysis of
the genesis mechanism of karst collapse in Linyi City, an early warning model based on the occurrence index of karst
collapse is proposed. Taking the water level as the main monitoring factor, this model is constructed to
comprehensively judge the early warning by the combination of multi-factors, and is verified by historical data.

During the high incidence period from 1993 to 2012, a total of 17 karst collapses occurred in the study area.
These karst collapses were caused by geological conditions such as topography, geological structure, and formation
lithology, as well as inducing factors such as groundwater exploitation, human engineering activities, and precipitation.
The distribution law of karst collapse reflects the consistency with its related influencing factors. Karst collapses are
mainly distributed in the caprock area of double-layer structure with shallow karst development and small overburden
thickness. They are also distributed near the surface water body and fault zone. Generally, karst collapses take place in
the funnel areas and in the seasons with a large variation of water levels, They also occur in the influence range of
human engineering activities. With a comprehensive index method, an early warning model based on the judgment
made through multi-factors is established. The model comprehensively considers geological conditions and inducing
factors and selects 10 influencing factors, including karst development degree, caprock thickness, caprock structure,
distance from structure, distance from surface water, distance between water level and limestone roof, water level
amplitude, distance from the center of depression cone, precipitation, and human engineering activities. Different
weights of influencing factors and the range of influencing factors of each sub-condition are given and the early
warning level is divided into four grades according to the occurrence index value.

The model is verified by using historical data of the collapse when it occurred. For example, the data of 2003 was
used for simulation and early warning validation. The karst collapse occurred in the east of the No.32 building in
Lanshan community on May 8 and June 22 in 2003, and all the collapse points were located in the area at a high early
warning level, and also fell into the time period of high early warning level. The results show that the model has high
reliability in the verification of early warning in key monitoring areas of Linyi City, which can provide a reference for

monitoring and early warning of karst collapse in other areas.

Key words karst collapse, comprehensive judgment, monitoring and early warning, Linyi City, middle Ordovician

limestone, Quaternary cover
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