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Fig. 1 Geological map of the study area (revised according to 1 : 50,000 geological map of Guangdong Province)

1.Quaternary marine and terrestrial sedimentary layers 2.Paleogene Huayong formation 3.Paleogene Baoyue formation 4.Cretaceous Sanshui
formation 5.Jurassic Jinji formation 6.Triassic Xiaoping formation 7.Carboniferous Ceshui formation 8.Carboniferous Shidengzi formation 9.Carboniferous
Daisaiba formation 10.Devonian Tianziling formation 11.Carboniferous-Devonian Maozifeng formation 12.Devonian Chunwan formation 13.Devonian
Laohutou formation 14.Devonian Yangxi formation 15.Cambrian Shuishi formation 16.Cambrian Gaotan formation 17.Cambrian Niujiaohe formation
18.Neogene Huodao formation 19.Neogene Dajianshan formation 20.Jurassic bimodal granite 21.Triassic bimodal granite 22.Triassic granodiorite 23.Permian
bimodal granite 24.Silurian bimodal granite 25.area of Sanzhou basin 26.geological boundary 27.fault 28.anticline axis 29.area of karst ground collapse

30.direction of groundwater flow
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Fig. 2 Distribution and location of karst collapse group
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Table 1 Description of geological hazard characteristics of karst ground collapse
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TX1 176 A 915 1~2 2011/1/13 15:30 3IE G IR
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TX3 4 bl ;7 92 0.5 20114E1 A iR
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Fig.3 Survey layout

1.drilling points and numbering 2.geophysical lines and numbering 3.collapse pits and numbering 4.ground fissures
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Table 2 Characteristics of rock and soil mass in the study area
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()2 1.10~24.40 TRU AR BT 1 wt2
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Fig. 4 A-A'geological profile
1.earth fill 2.silty clay 3.clay 4.silt 5.silty sand 6.medium sand 7.coarse sand 8.gravel limestone 9.drilling holes and numbering 10.groundwater level 11.artificial fill
12.interoceanic sedimentary layer 13.residual slope deposit 14.Jinji formation 15.earth caves 16.karst caves 17. fault identification and numbering 18.profile
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Table 3 Groundwater characteristics in the study area
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Fig. 5 Development distribution of soil caves
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Table 4 Characteristics of soil caves in the study area

s L5 FEH IR /m AR A3 HER/m T /m FEIE L AT )Py e

1 ZK3 31.50 26.20~27.70 1.50 J e b

2 ZK5 34.10 31.00~34.10 3.10 X Hhik R RS
3 ZK17 38.40 32.60~38.40 5.80 & b A R
4 ZK23 42.50 39.50~42.50 3.00 ¥ ik TRA FiRA
5 ZK25 48.20 44.50~48.20 3.70 x ik TR R
6 ZK30 37.80 37.80~44.90 7.10 TR b TR T
7 ZK32 44.50 14.70~17.80 3.10 X b AR
8 ZK35 46.80 37.00~46.80 9.80 Jc ik A TiiRA
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Table 5 Characteristics of karst caves in the study area

e L5 WIS /m T@m WIS AR /m FELLE L
1 ZK6 35.50~40.40 4.90 0.7 LIRS R RS+, TR A A
2 ZK7 49.20~50.80 1.60 0.90 25, Tk
; 7K9 43.00~46.80 3.80 1.00 ﬁiﬁﬁ)ﬁéﬁi, FER(RL)
49.00~56.30 7.30 2.20 ToFeHL, ek
4 ZKI0 43.80~45.10 1.30 1.90 FelER A+
7ZK12 38.20~39.30 1.10 0.60 FEIEPAB MR L, SR AR
6  ZKI17 38.70~39.80 1.10 0.30 T
FEITEAR O, AR, I R E 4, A 2R
41.30~44.40 3.20 0.60 SR
FEAH R CRE 5, WA A TR, B Re R, Bl VIR
7 ZK22 46.10~51.60 5.50 1.70 A TS
53.20~53.70 0.50 1.60 FEIUHHE (UG 15T, BhEER
53.90~54.40 0.50 0.20 FEIRTEAR (O I, Ak
8  ZK22-1 48.90~50.20 1.30 0.70 SRR (AR 0T, BhiE R
9  ZK23 45.00~47.70 2.70 2.50 FIERY R, KA L K, S/ AR, K
10 ZK24 51.20~53.40 2.20 1.70 T, oK
11 ZK25 51.40~54.80 3.40 3.40 FEHUGTZL £, il . KL, & MR
b K 45.10~47.80 2.70 0.60 FEHUHAD, /K
55.20~56.80 1.60 7.40 TR, TR AR D, IER0.2 mob SO TR
13 ZK33 45.10~49.20 4.10 1.00 L, NE IR, TRK
46.20~47.00 0.80 0.30 FrIE, M BTR
14 7ZK34 ,
47.40~48.50 1.10 0.40 TR, K
s 7K3s 46.90~51.30 4.40 0.10 FEHU> TR+, K
52.10~57.90 5.80 0.80 TeFeHE, T°55.2~55.5 mIeA WK, Tk
16 ZK36 41.80~46.00 420 2.30 I, T ARBUR R+, TRk
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Fig. 6 Inversion diagram of apparent resistivity
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Fig. 7 Distribution of karst caves
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Fig. 8 Schematic diagram of formation process of karst ground collapse group
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Mechanism analysis of karst ground collapse caused by the construction of
punching piles in Fuwan, Foshan City

YI Shouyong', JIA Long’, HAN Qingding', LUO Xiyi', ZOU Jie'
(1. Foshan Geological Bureau of Guangdong Province, Foshan, Guangdong 528000, China; 2. Institute of Karst Geology, CAGS/ Key Laboratory of
Karst Dynamic, MNR & GZAR/ Key Laboratory of Karst Collapse Prevention, CGS, Guilin, Guangxi 541004, China )

Abstract In recent years, the increasing intensity of human engineering activities—such as groundwater extraction,
drainage for underground engineering, mine drainage, blasting, pile foundation construction and drilling
engineering—has led to karst ground collapses. This phenomenon has become an important issue hindering the
economic and social development of karst areas. If construction processes in these karst areas are not disposed
properly, the punching pile construction commonly used in foundation construction can often cause severe ground
collapse disasters. This article examines the karst ground collapse event triggered by the construction of punching piles
in Fuwan, Foshan. Through field investigations and measurements, geological conditions contributing to the karst
ground collapse were analyzed with drilling and geophysical exploration. A total of 37 boreholes were drilled in the
vicinity the collapse, reaching a distance of 1,950 m. In around six of these boreholes (ZK6, ZK13, ZK15, ZK22,
ZK18, and ZK31), a comprehensive exploration method was adopted to conduct three-dimensional infinite full-space
exploration. This method utilized boreholes for deep underground exploration and high-precision detection of karst
geological development within a 40-meter radiu. A total of 46 omnidirectional detection lines were laid out, covering a
length of 2,990 m.

Research has shown that the karst ground collapse group on Anhua road in Fuwan is primarily attributed to five
factors: (1) The bedrock in this area is composed of high-purity gravel limestone, which is characterized by dense
geological structures and numerous karst caves, creating conditions that are conducive to karst ground collapses. (2)
The widely distributed muddy sand layers and residual soil layers at the bottom of the Quaternary system provide a
favorable material foundation for the development of soil caves. (3) The sand layer is extentively distributed and
exhibits a large thickness. Groundwater rescources are abundant and the hydrogeological conditions are complex. (4)
The groundwater level is shallow and exhibits a strong hydraulic connection with the surface water. This area is

located in a groundwater runoff channel, adjacent to the Xijiang river, and experiences frequent groundwater activities.
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(5) From the end of 2010 to January 2011, ground collapses occurred due to the vibration generated by punching pile
construction.

In addition, the formation of karst ground collapse group on Anhua road in Fuwan can be summarized in five
stages: the fissure period, the karst cave period, the soil cave period, the collapse period, and the group collapse period.
In the early stage, fissures formed in the bedrock as a result of tectonic action. Subsequently, under the combined
influence of factors such as crustal uplift, meteorology, hydrology, structure, and marine transgression and regression,
the small joint fissures in the bedrock were gradually eroded and expanded, leading to the formation of karst caves.
These karst caves were then gradually developed toward the bedrock surface until the bedrock roof became exposed.
This marked the beginning of the development period of soil cave. With the changing seasons and the dynamics of
marine transgression and regression, groundwater levels fluctuated. The rise and fall of the groundwater erosion
baseline were constantly circulating. When groundwater levels rose, soil that has remained dry for an extended time
gradually softened, forming a soft layer. Conversely, as groundwater levels declined, soil lost its buoyancy due to the
absence of water, resulting in a sharp increase in hydraulic gradient and an intensified erosive effect of pore water.
Under the influence of vacuum negative pressure between pores and the erosion caused by groundwater, small particles
within the sand layer were continuely displaced and transported to the underlying karst cave characterized by gravel
limestone. Therefore, a soil hole was formed between the gravel limestone and the overlying sandy soil layer, and the
hole developed and expanded in all directions. During the periods of collapse and group collapse, the construction of
punching piles led to repeated fluctuations in the groundwater level. These fluctuations caused groundwater to flow to
the surrounding areas through rock, soil and water, which damaged the original structural performance of the
surrounding rock and soil, altered the original mechanical equilibrium limit, and triggered additional karst ground
collapses in nearby areas.

In summary, it is advisable to conduct a specialized karst exploration prior to the construction of punching piles in
karst areas to identify the distribution characteristics of karst channels. At the same time, targeted construction plans
should be developed. If karst channels are exposed during the construction process, it is essential to enhance the

monitoring of karst groundwater to ensure the safety of both the engineering project and personnel involved.

Key words Kkarst collapse, characteristics of karst development, genetic mechanism, analysis of mechanical

characteristics
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