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Study of Influence Factors for Prediction of Ground Subsidence Risk

Jin Young Park*, Eugene Jang**, and Myeong Hyeok Ihm***

ABSTRACT This Analyzed case study of measuring displacement, implemented laboratory investigation, and in-situ testing

in order to interpret ground subsidence risk rating by excavation work. Since geological features of each country are different, it

is necessary to objectify or classify quantitatively ground subsidence risk evaluation in accordance with Korean ground

character. Induced main factor that could be evaluated and used to predicted ground subsidence risk through literature

investigation and analysis study on research trend related to the ground subsidence. Major factors of ground subsidence might be

classified by geological features as overburden, boundary surface of ground, soil, rock and water. These factors affect each

other differently in accordance with type of ground that’s classified soil, rock, or complex. Then rock could be classified including

limestone element or not, also in case of the latter it might be classified whether brittle shear zone or not.
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1. Introduction

 

Recently, there have been few studies on the behavior of

soil release, occurrence of sinkholes, ground subsidence

and depression according to the geological characteristics

of the ground. There is no simple tool that can be used to

assess the risk of ground subsidence in the field, which lim-

its the expertise and applicability of the design. In the case

of foreign countries, technological researches have been

carried out in accordance with the geological characteris-

tics of each country. However, there is a limit to apply the tech-

nology developed in foreign countries directly to the countries

with different geological characteristics. Therefore, in this

study, the technology of evaluation of the risk of subsidence

by geological characteristics of excavation works is devel-

oped to reflect the geological characteristics of Korea. It is

necessary to derive social consensus from the debate on the

necessity of legislation, to clarify its role in related ministries,

and to minimize the disputes related to the ground subsidence. It

is expected that the regulations including the basic concept of

the ground subsidence, the organizational structure to real-

ize this, and the basic plan will be enacted.

2. Subsidence Risk Rating Determination Methods

Common causes of soil depression are extraction of oil

and natural gas (Yamamoto, 1984d), development of mines

(Poulsen and Shen, 2013), excavation of ground (Toan et al.,

2010; Liu et al., 2011; Soki, 1984; Tan and Li, 2011; Niko-

linakou et al., 2011; Liu et al., 2005; Hou et al., 2015; Seo et

al., 2009; Leung and Charles, 2007; Finno and Michele,

2005, Shao and Emir, 2008; Wei and Jun, 2013; Roboski and

Richard, 2006), loss of bearing capacity due to pumping of

ground water (Shi and Bao, 1984; Yamamoto, 1984a; Yama-

moto, 1984b; Yamamoto, 1984c; Figueroa, 1984; Paul, 1984;

Gabrysch, 1984; Poland and Lofgren, 1984; Poland, 1984;

Carbognin et al., 1984) and formation of cavities (Singh,

2007; Finno, 2002), and natural consolidation of unconsoli-

dated layer (Perrin et al., 2015; Vilar et al., 2011; Cheng et

al., 2013). Research on the development of technology

related to the stability of ground motion has been actively

carried out in advanced countries such as the USA and

Europe. Experimental evaluation techniques, techniques by

applying statistical models such as fuzzy theory, numerical

analysis evaluation techniques by computer simulation

model, etc. and various other approaches have been taken. In

the case of Korea, most of them are used by introducing the

method of evaluating the subsidence stability developed

overseas.

Ground subsidence in Korea is mainly caused by mine

development, ground excavation, water supply and drainage,
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and limestone cavitation. In the published papers and reports,

factors influencing the subsidence are soil properties (Yetton,

1986; Karim, 2005; Reddy, 2001), ground pressure (Tan and

Li, 2011), ground water level, permeability coefficient (Perrin

et al., 2015; Sakai and Maeda, 2009; Reddy et al, 2001), geolog-

ical conditions and land use (Carbognin et al., 1984). There-

fore, it is necessary to develop a soil damage risk assessment

sheet by selecting common influential factors and determin-

ing whether individual influential factors are reflected.

Similar to the case of Japan, the ground subsidence occur-

ring in Korea can be broadly divided into damage by the

wastewater, the effect of ground excavation, the effect of tunnel

construction, and the influence of ground water. In the case

of ground subsidence caused by ground excavation (Peck,

1969), it can be classified into primary cause such as inade-

quate order, poor support, bad back up, insufficient reinforce-

ment of ground, excessive excavation, and ground water

fluctuation, and the secondary causes such as soil leaching due

to poor backfilling materials, long-term consolidation due to

poor compaction, and scouring. The method for deriving the

influential factors of the ground subsidence is to investigate

the cause analysis, case analysis and construction data through

the analytical model such as finite element analysis, to derive

influential factors using expert brainstorming and decision

making techniques, and to derive influence factors using

statistical methods such as regression analysis (Long, 2001).

Since the derivation of the factors through analytical meth-

ods seems to be difficult due to the lack of cases, lack of

survey results, and limitations of modeling, it is necessary to

construct an influence factor pool based on literature data such

Table 1. Main factors of ground subsidence

Main Factor Contents

Dissolution

· Sedimentary rock is easy to dissolve, especially if the pH is changed by ground water

· Many caves and sinkholes in Florida are the result of karst action

· If the chemical composition of the ground water changes, the rate of dissolution may be accelerated, 

leading to a larger sinkhole

Disappearance of fine clay
· Sinkholes can occur due to the disappearance of fine grained soils after years of construction and 

operation of buildings, tunnels, subways, etc. in urban areas

Reduction of pore water pressure
· Dehydration in underground structures such as mines, tunnels and underground parking lots may 

result in lowering of pore water pressure by lowering local or regional ground water level

Fig. 1. Classification of influence factors on soil, rock, and composite ground
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as existing case and construction data (Clough, 1990). It is

reasonable to derive the final influence factor through the

correlation analysis between the influence factors and the

depressions using the Delphi technique or the actual depres-

sion data, and the derived influencing factors should be ver-

ified through field test or statistical analysis. The main

factors of the subsidence of the ground are three kinds as

shown in Table 1: dissolution of rock, disappearance of fine

clay, and reduction of pore water pressure.

It is necessary to elucidate the important factors that can

predict and evaluate the risk of subsurface submergence

through analysis of research trends related to subsidence

and case studies of domestic and foreign literature. It is neces-

sary to quantify the risk of subsidence by objectively classi-

fying and evaluating the risk of subsidence in accordance

with the characteristics of the domestic site.

As shown in Fig. 1, it can be divided into soil, rock, and

composite (soil + rock) soil depending on the type of ground. As

shown in Fig. 2, the soil can be divided into factors such as

thickness, persistence, loss of volume, and pore water pres-

sure depending on the presence or absence of silt and clay,

and the influence factors such as thickness and persistence. The

rocks can be divided into limestone rocks and limestone

rocks depending on the presence or absence of limestone.

As shown in Fig. 3, the limestone rock mass can be divided

into factors such as thickness, persistence, drainage, and

ground water pH. These factors can identify the risk of sub-

sidence in each range. 

Non-calcareous rocks can be divided into brittle shear

zones and discontinuities depending on the presence or absence

of brittle shear zones. The non-calcareous rocks belonging

to the brittle shear zone can be classified into the type and

thickness of brittle shear zone as shown in Fig. 4, non-calcare-

ous rocks belonging to discontinuities can be classified as

risk factors by orientation and inclination, gaps, and per-

sistence as shown in Fig. 5.

In case of composite soil, consideration should be given

to all factors affecting soil and rock grounds (including calcare-

ous and calcareous rocks) as shown in Fig. 6, and consideration

should also be given to factors affecting depth and orienta-

tion and inclination at the boundary between soil and rock. 

3. Conclusion

Based on the previous studies, the important factors that

can significantly affect the ground subsidence are summarized

Fig. 2. Classification of influence factors on soil ground

Fig. 3. Classification of influence factors on rock mass ground

Fig. 4. Classification of influence factors on non-calcareous rock

mass ground

Fig. 5. Classification of influence factors on discontinuity plane
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in Table 2. It is expected that the estimation, countermeasures

and evaluation of recent ground subsidence such as the con-

struction of underground structures in the urban area are

essential, so it is expected to utilize this evaluation tech-

nique in future technology development actively. 
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