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The geological factors for causing ground subsidence are very diverse. It can be affected by any geological or extrinsic influ-
ences, and even within the same geological factor, the soil depression impact factor can be determined by different physical prop-
erties. As a result of reviewing a large number of papers and case histories, it can be seen that there are seven categories of
ground subsidence factors. The depth and thickness of the overburden can affect the subsidence depending on the existence of the
cavity, whereas the depth and orientation of the boundary between soil and rock are dominant factors in the ground composed of
soil and rock. In case of soil layers, more various influencing factors exist such as type of soil, shear strength, relative density and
degree of compaction, dry unit weight, water content, and liquid limit. The type of rock, distance from the main fracture and RQD
can be influential factors in the bedrock. When approaching from the hydrogeological point of view, the rainfall intensity, the dis-
tance and the depth from the main channel, the coefficient of permeability and fluctuation of ground water level can influence to
ground subsidence. It is also possible that the ground subsidence can be affected by external factors such as the depth of exca-
vation and distance from the earth retaining wall, groundwater treatment methods at excavation work, and existence of artificial
facilities such as sewer pipes. It is estimated that to evaluate the ground subsidence factor during the construction of underground
structures in urban areas will be essential. It is expected that ground subsidence factors examined in this study will contribute for
the reliable evaluation of the ground subsidence risk.
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Table 1. Classification of ground subsidence factors.
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Sort in order of influence Influence factors Number of citations
1 Fluctuation of groundwater 58
2 Measuring results during excavation 40
3 Type of soil 24
4 Type of rock 22
5 Method to handle groundwater during excavation 20

(D Distance from main fracture 16

6 (@ Depth and thickness of overburden 16
(3 Depth of excavation and distance from the earth retaining wall 16

(D Shear strength 14

@ RQD 14

7 @ Liquid limit 14
@ Relative density, Degree of compaction 14

® Coefficient of permeability 14

Water content by weight 12

Distance from main channel 10

10 Existence of artificial facilities 8
(D Intensity of rainfall 6

1 @ Loss of soil particles through the earth retaining wall 6
12 Orientation and depth of boundary of rock and soil 3
13 Dry unit weight of soil 2
Total 327
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Table 2. Factors of ground subsidence risk due to geotechnical characteristics.

Types Influence factors Factors dqrmg
construction
. . 1-1. Depth of overburden
1. Existence of the cavity 1-2. Thickness of overburden X
. 2-3. Depth of boundary
2. Soil + Rock 2-4. Orientation of boundary (Strike/Dip) X
3-5. Type
3-6. Shear strength
3 Soil 3-7. Relative density, Degree of Compaction N
’ 3-8. Dry unit weight
3-9. Water content by weight
3-10. Liquid limit
4-11. Rock types
4. Rock 4-12. Distance from main fracture X
4-13. RQD
5-14. Intensity of rainfall
5. Hvdro 5-15. Depth and distance from main channel <
i 5-16. Coefficient of permeability (Velocity of water)
5-17. Fluctuation of groundwater table
. . .. (6]
6-18. Depth of excavation and distance from the earth retaining wall
6. External Influence 6-19. Method to handle groundwater during excavation o
’ 6-20. Existence of artificial facilities X
6-21. Loss of soil particles through the earth retaining wall 0
7. Ic\lllegsurmg grour}d subsidence 7-22. Measuring ground subsidence during construction (6]
uring construction
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Table 3. Risk criteria for the measured ground subsidence.
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Dangerous

Allowable < Predicted

Predicted < Actual < Allowable

Allowable < Actual
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Table 4. Undrained shear strength and clay condition.

Undrained shear strength (KN/m?) Condition
<20 Very soft
20 ~40 soft
40~75 A little stiff
75~150 Stiff
150 ~ 300 Very stiff
>300 Hard

™, Shu and Baosong (20155 A|F3-2] B30 AYH=
o] QIR mpEz} HH o] F=aapA Z-g-Ftal A st
ST}, Table 4°A+= Vallejo and Ferrer (2011)7} A|A]gk
AES] H] v Ao w2 A|Hke] JEjE HoFEt

etoflMel AMEF
3 0213

SCEREE

S 9] 30%s HRsh &F
o WE 1%, A%, nfRAE So| AukgtEe] ojgA z
L5=X9 thet A+7F FPE A TH(Tudes, 2012; Bell et
al, 1995). 22t} bk EAM = ehldet 5 Akl
ofgl gallsle 5L 7K A a2 Qs AdEE ¥
T A8} TfERE FF AP FE AWekd EAZ o
F A3 JtkShin and Park, 2004; Muhammad et al.,
2012; Ciotoli et al., 2016).

Auighee] Hepde el A, Belle, At 3 A
Aol wEt she-Ent. e TSk e ARl o
gk Auighe: Fopd J=E BReh SUIRY, e
o, HEA o] MR AukEe] Hepde & 7 A
oh Akehae] Hopds Aol TRE o] st
| AL o, M asleh, AslRA, gAY, ©f
el TR AN FHopdel Holds o 4 Tk

(Jesus and Francisco, 2008).

ZEIAL Al XI5t X2

A FHY oI5t AN T BHT
W wEe $ERYoR Aeisle) Askt FHTAY
HE FSE A e A5 ek e B
F Al ue 2T ¢ Y3, AFEHS 48 7
3 2% Age] 1YY @yo] WA & 9lom ol &

gto] o ZR8-3ltH(Park, 2015; Cho and Lee, 2014; Yoo,



=23 T Ak fddss

1999; Choi and Baek, 2016; Figueroa, 1984; El-Nahhas et
al., 2006, Wang et al., 2009; Long, 2001; Yoo, 2001).

FEHHOIA FEtd el 72

Aty oz Mt fRe 18] T4 gerz F ud
ol UdA7EE Hlojt XS UukAel ko B 4=
Atk gubAol Auke thA|Z QFAEA] &7] wlEo| Lee

and Lee (2014)8] A= ZlHPi‘*SH AA=E 2
o= Yk X|Htof| o] EALEHS ¢

L
i)
k1
9
FH
%
o
b4t
vl

Shitel] BeigTol AT 3 Uk ik ) ol
Aolspl T2y B, i), B} 52| Sl v

gk AT F3YEo] YO EZ (Perrin et al, 2015; Shin and
Park., 2004; Tudes, 2012; Bell et al., 1995) & ©&z}o]
A& ANRHE G AARE ALk Zo] EEsitt.

AL T ARRHES "”271‘—:— "zr o A EAHow

2 5 (EAE ARk
10em x 10ecm x 10 em  ©]7, %“ﬂ& 1]‘?_ ImxImxlm
olxhe] EA1E ¢ AAsEE(overburden)o] AWHHE] S
8 FERIAZ ZHg-et). Singh (2007)= *EE-E(pot-hole)
st dhall =/do] okt AAsledt == xskd dAsks
o] AwkelES fFAsittal AT =, Aste] ¥7tow
FEZo] MelEe] Soj7ka a2 sl FHe] Bt 44
g] %%O]%g _I_I_HL;\];‘;] ;qu]-cl-L 0107]1—4_ _1_54 /ng/ﬂ
& WE7k=9] AJsH(Yamamoto, 1984d), A5 AR
018t /JFE (Newton, 1984), F-2o|4 &2 F==2 2lg =
A& Z3HPoland and Lofgren, 1984), 413]%2] 4-3|l(Ciotoli
et al, 2016), 5=(Woo et al, 2013), &4HPoulsen and
Shen, 2013), Z2AKFinno, 2002)2 AAHAL, BEZS]
FAeL AETF Z|RehEe] FIRIALRE 25Tt

Z0{ & X|(RQD)

Sl deje] Hed Yot FEAARRA HIEA]
Ag=ojoF & AbglolthBell et al, 1995). ©l& WHI3slk=
G =9l RQD7} FIRIR}ZA A - ST

las
3

AU AHYE Fhshe AR

157

HIt(Fang, 1991;

‘O
Prakash and Sridharan, 2006). 3ro] ZS4E 74 <]
71l AAde] S g Hal go] HL5E A9
et 3AGoR Wl Bk dHdAE o] F Fol

2 2 RE AR Hel= 7

2ol HlE o)

Fek, YBhe e Pt B PLUS o) AR
2 Q8 2 Tsl7t Sk Alel7E 3EE S QAT (Tudes,
2012; Dobrescu and Siminea., 2009; Jonathan et al.,
2004). o]¢F =2 AstE 1Sk Hsjo] it S8 B

AGEEA 2HE olgsle] A

DPS-CFD HHE o]&alo] dA G53lor] &=

NyaLE o) 23
X

I
iy
d

S ZAlel=dl ARSItk (Fredlund et al., 2011; Zhou an

Yu, 2009).

e

Oh and Ahn (2016)2] AollM= EAR] AUiE=rE =
<8 W 2 AR s Sske AL IS Lee
and Kim (2016)°] A x= CCTVS GPR ZAKE 3l
o] FE55 BEARRelA 355 B et BAske A
HAE SFE S Fal thRl EAF ARk Aviert
7Fs}aL(Huang and Song, 2013), Yoon and Ahn (2011}

ol AL E3) thyo] aE EARY

Mg g8 AA

ST, S sl AlgoR Qg Kalgsle] wish A

9k 74 AL Aol 7183} B
Wl S 42 Agos o) o
Aw A BAY S AoE e

R molst vA

=
e SR EAl00
[e]
=

Felajop @t}

(Gabrysch, 1984; Poland and Lofgren, 1984). EAF] At

W= SPT X3S &3 Nge=

24 @ & 93,

Gibbs and Holtz (1957y= ZHEMYUE T 12% ol
sheld Nakol we gl AEsh whEzhe AN,

Table 5= Y AA N7kl =719

uE} Wstes =9

29 grjdmsh o weiFa ik,

2%
A el 7ol e

g2k x =8 Powers

(1992y= Y 59| BEAl 250 @2 £5745E Table

6JJr o] AT F ﬁlfﬂ £t

A% Awegel A5

o A4 31 S919] Wale] o] AR T, A 7$ EAN] §EE o)
NYTA e DA STHEFS i R % 2 4 Utk Casagrande (1938)= FFAF 7ol wt
Table 5. Relative density for N values in granular soils.
N (Insertion resistance value) Relative density (%) Friction angle of coarse grained soil (®) Condition
0~4 <15 <28° Very loose
4~10 16 ~ 35 28° ~30° Loose
10~30 36 ~65 30°~36° Moderate
30~50 66 ~ 85 36°~41° Dense
> 50 86 ~ 100 >41° Very dense
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Table 6. Coefficient of permeability according to soil types.

Type of soil k (cm/sec)
Poorly sorted gravel (GP) >1
Equationally graded gravel (GP) 0.2~1
Well sorted gravel (GW) 0.05~0.3
Equationally graded soil (SP) 5% 107~0.2
Well sorted soil (SW) 1073~0.1
Silty soil (SM) 10°3~5 % 1073
Clay soil (SC) 1074~107
Low plasticity silt (ML) 5% 107~107
Low plasticity clay (CL) 10°~107%
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Fig. 1. Classification for major factors of ground subsidence on soil, rock and composite ground.
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