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Fig. 1 Geographical location and disaster distribution of the study area
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Fig. 2 Hydrogeological sketch map of Longgang-Heao basin (Data source from Huiyang 1 : 200,000 hydrogeological scheme)
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Table 1 Engineering parameters and karst development indicators
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Fig. 3 Diagram of isometric manometric karst water level at Digital City Station (2020.10.24)
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Fig. 4 Diagram of isometric manometric karst water level in foundation pit 5# (2020.04.27)
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Table 2 Statistical table of site monitoring information
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Fig. 5 Diagram of isometric manometric karst water level at Longping Station (2021.02.02)
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ig. 7 Schematic diagram of the disaster induced by deep foundation pit in the karst area
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Table 3  Statistical table of overburden thickness on collapse point in Longgang area
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Table 4 Results of site pumping tests
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Table 5 Inversion results of empirical coefficient a
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Btk 22.27 1.9 12.97 37.25 850 848 0.2 5.9
Tk 27.0 3.1 13.31 25.72 820 806 1.7 6.0 5.9
St 19.84 2.38 16.91 37.4 550 559 1.6 5.8
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Study on the delimitation of affected zone of geological environment for karst
underground engineering: taking Longgang district, Shenzhen City as an example

WU Shengtang', JIANG Xiaozhen', MA Xiao', TANG Zhen'
(1. Institute of Karst Geology, CAGS / Key Laboratory of Karst Collapse Prevention,CGS, Guilin, Guangxi 541004, China;
2. China University of Geosciences ( Beijing ) , Beijing 100083, China )

Abstract  The construction of a large number of urban underground rail transit and urban renewal projects has
intensified the urban karst geological disasters in our country. As one of the first demonstration areas of national urban
construction, Shenzhen has developed rapidly in terms of underground rail transit and urban renewal projects over the
years, hence leading to frequent karst collapse disasters due to its location in the karst area. Therefore, the summary of
the experience and lessons from the development of karst underground space is of great significance for the
engineering construction in karst areas. In this thesis, a preliminary study on the delimitation of the affected zone of
geological environment for karst underground engineering is conducted based on three events of karst ground collapse
in Shenzhen.

The affected zone of geological environment for karst underground engineering refers to the area where disasters
are likely to happen due to the disturbance and damage of the rock and soil around the construction site during the
construction process. The delimitation of the affected zone is not only conducive to the safe and smooth engineering
construction, but also to the clear division of responsibility. The monitoring range of underground engineering
construction in karst area usually reaches only tens of meters at the current stage. But when a disaster happens, the
actual range influenced by engineering will often exceed hundreds of meters. Therefore, the current construction
specification about the affected zone of geological environment for karst underground engineering is unreasonable and
uncertain in some degree, and the relevant provisions are greatly challenged. For instance, it is stipulated that the
engineering monitoring should be conducted within the plane range that is only 3 times as deep as the foundation pit
during construction , and the description of the expansion of the monitoring range in the karst development area is not
detailed. Therefore, the further research on the affected zone of geological environment for karst underground
engineering is very necessary, so the actual affected range of the project can be effectively judged, and then the
corresponding prevention and control measures can be taken.

On the basis of fully mastering the regional geological background and the geological conditions of site
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engineering, a preliminary study is conducted in this thesis. Firstly, the actual affected range of the project is monitored
and analyzed by the high-frequency monitoring technology of karst groundwater pressure. The monitoring scheme
should be formulated according to local conditions. The monitoring frequency should capture the disturbance changes
of regional karst groundwater with more than 3-month monitoring cycle. The results of monitoring and data
measurement of water levels indicate that the affected range of the project is closely connected with the karst
groundwater drawdown funnel. The obvious anisotropy of karst aquifer medium at each site is indicated in the
groundwater flow field, which is mainly controlled by karst development and structure. The maximum affected ranges
of the three projects are 560 m, 820 m and 850 m respectively. Then, the analysis on the formation mechanism of karst
collapse is conducted. Results indicate the collapse mechanism. The excavation and precipitation of foundation pit
leads to the change of groundwater hydrodynamic internally caused of strong karst development, the change of
hydrodynamic conditions disturbs karst groundwater or gas, and the force generated by karst water disturbance acts on
the overburden floor through karst pipeline or crack. As a result, the overburden soil mass collapses and loses
gradually, until the roof becomes unstable and damaged for the insufficient collapse resistance. Finally, the Gehart’s
empirical formula of influence radius of confined water pumping hole is used for reference, combined with engineering
construction parameters, main factors of karst collapse and hydrogeological test parameters. The mixed research
method of qualitative analysis and quantitative calculation is adopted to theoretically deduce the empirical calculation
formula of the affected zone of geological environment for karst underground engineering. Research results indicate
that the affected range of karst underground engineering is mainly in direct proportion to the permeability coefficient
and engineering depth. However, it is inversely proportional to the thickness of soil layer. The deduced semi-
quantitative theoretical formula is suitable for the calculation of a relatively thick aquifer between the Quaternary and
the karst aquifer. If the depth of foundation pit is greater than that of rock surface and of confined karst water in
underground engineering, this fomular can be used to quickly provide the basis for safety construction of underground
engineering as well as urban disaster prevention and reduction in the karst area lacking groundwater monitoring data.

Key words karst underground engineering, karst groundwater and gas pressure monitoring, affected zone for

engineering, pumping test, empirical formula
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is no obvious negative skewness. The 5"°C value is between —2.0%o and 2.5%o, and the §"°0 is between —13.0%o and
—9.0%o. Due to the increase of temperature and pressure in the closed system during the burial peirod, there gradually
precipitates and forms dolomite. (4) In the deep-buried or hydrothermal karst environment, the 5'"°O value of fillings is
obviously negative, and high-temperature fluid flows up along the fault to form the karst dissolution space which
becomes the reservoir place of various deposits. The hydrothermal karst with high temperature and the atmospheric
freshwater karst are the main periods of the formation of deep karst fracture-cavity filling in Huanjiang area. The
research results are of great significance for deep karst reservoir prediction and deep resource exploration in the later

stage.

Key words carbon and oxygen isotopes, deep karst, ancient environment, karst period, Huanjiang sag
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