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Abstract

The recent increase of ground subsidence in Korea requires the development of technology for
predicting the possibility of ground subsidence. Eighteen parameters affecting the ground subsidence
for pre-excavation are classified into 6 categories considering ground types, groundwater, and external
factors. Eighteen parameters consists of a table which gives ground subsidence risk ratings for
pre-excavation(GSRp). Certain scores are given to these parameters after they are divided into several
classes considering the importance and the credibility of parameters and the engineering judgements
of the authors. Because of the difference of ground subsidence factors depending on the ground and
field conditions, weighting factors for the individual factor and for the each category are multiplied.
Weighting factors are calculated from citation frequencies of influencing factors. Ground subsidence
risk ratings for pre-excavation can be quantified by considering the individual score of each parameter
and weighting factors for the individual factor and for the each category. The suggested GSRp tables
obtained from this study are expected to be used by engineers for the estimation of ground subsidence
risk ratings for pre-excavation sites.
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FE o= AR oA o] ZRFARR Ak ARFeRE} FAEA] S o) 2| Rk ) 5o A o =2, )14 Fl A
21 AR oL gt =R19] Al e AAE Fstal Qlet. webA =71 2k1o] v uhd 9 2|RkelkEo] tigh olE 71
o] ko] sy, T2t =] o] -1, A= oS kel BRR A ARAL FES0] AtE ] o= AR
1, 218 B0l b ARtk ol thefotr] wioll 2[HehaS whget 24t AAlof ofzfzol et L=l Hls =
Qi) Z]‘?_% iRt s wat Bt AT ZEE 7L Q= 797 ET of =gt ool uie] @ A B
Hrget 2= S S 4 = 9] 7iide] B asi.

Z5RekE] TRt 71E A+ ARlle T2 ANREE FARIAR] Zat b4 2] 2|9kget4] £/ A Anon, 1979; Bell,
2000), =2 5 Z|9FekEo] W A-4(Bell et al., 1995; Boone, 2004; Charles et al., 2004; Hu et al., 2003; Kim, 2014;

Moormann and Moormann, 2002) 5°] it} 43S et z]odo] AF.83 W A|WSHE 99M= Bruno and
Calcaterra(2008), Jesus and Francisco(2008), Lamb and Shiau(2014) 52l &J5t>] 4=3J%| 21T}, Carbognin et al.(1984),
Figueroa(1984), Roboski and Richard(2006), Yoo and Kim(2007), Thinh and Ludmila(2015) 5~ Z|5}r 7] =

29SFE AL A TS ARSI Choi(2005), Woo et al.(2013), Choi and Kim(2015), Choi and Baek(2016) 52 €2
=2 Bl AT Aol whE A ehE ] - 2ihE RSl of@fol| ke AHhekE T} Ak A4RE A5l frEel mE
ER AR QI ZHHE(Cividini et al., 2009), A% ¥WAHof| oJet z[ut oiAlStR QIgh X|WFeME(Dobrescu and
Siminea, 2009), A5+ W 2|5} A]Ad-E] 7]Q1SF Z|HHZ-2(Hou et al., 2015; Lee and Kim, 2016) 5-°] It} Z12{Lf of2] =
Uie]# o = 2WkekE-S 2] 0 = AP o|Soh= A7 712 nHIRHdE| o], 2ol ARkkE $19/dS A
S 2 =35} 15t A7t K1Y Foll Ack(Park et al., 2017 -5).

2 Aol EAA] ZRNRM) Hofl @73e] 2]hlelE 194 A5S ¥ }0}7 | $15}24, Thm et al.(2016, 2017)3}
Park et al.(2017)9] &Ll &2t AWHRkE JFIAME BiE o & 24 Bl 2| A E4of wh A[HlelE 91 =
SR Hstetaiat gttt o & floto] FFIAE 7212 T1F) Eoﬂ VSAE Fot & Ao et
A9 100% 710 = ghitstod, 22t ol ARelE $14ds A5 4 s AHREE 919-5-8(Ground Subsidence

Risk Rating for pre-excavation: GSRp) A|EE A|Ao}12t St
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AHekE JARJIAE FE5H] ISt A= Thm et al.(2016, 2017), Thm(2018) 5ol 2Jall 4=F=| 2Tt Park et
al.(2017)->2200] || =53} )=t FR7|H F-S 247 & 2o 9184 Rlksrof what 2] Fa w8 A5}
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Table 1. Factors of Ground Subsidence risk Rating for pre-excavation (GSRp) due to geotechnical characteristics (modified
from Park etal., 2017)

Types Influence factors

1-1. Depth of overburden
1-2. Thickness of overburden

2-3. Depth of boundary

2-4. Orientation of boundary (Strike/Dip)
3-5. Type

3-6. Shear strength

3-7. Relative density, Degree of Compaction
3-8. Dry unit weight

3-9. Water content

3-10. Liquid limit

4-11. Types

4. Rock 4-12. Distance from main fracture
4-13.RQD

5-14. Strength of rainfall

5-15. Depth and distance from main channel
5-16. Coefficient of permeability

5-17. Fluctuation of groundwater table

1. Existence of the cavity

2. Soil + Rock

3. Soil

5. Hydrogeology

6. External Influence 6-18. Existence of artificial facilities

Park et al.(2017)°]] 2Jsto] FA|S] AAE IS FollA, T837 2 717] IAFE2] A8 et EAES T8 =0 &
Aof| whet 7heks] Aigohd ohaat Aot A|5kr9] HE-S AR JATES S TS

F0] -9 50| 2|&E -4 AHekEe| i 71s/do] o™ s F20.4m oY AIE Al &
ATKBruno and Calcaterra, 2008; Thinh and Ludmila, 2015). 5 270 ot &0 E771 &) 3ok A4S i
ofl 7] 2ol &2] THE SRITho 2N ohE WAl 715 |5 & = $Ith(Kwon and Lee, 2001; Vilar and Roger,
2011; Cheng et al., 2013). A[qFeh=0] FOPI2 A O] e, -Bollte, A B AT Fofl whet 24950, 2]dhehEo] F
oPdS O] TFE -Ford AL, 9, 43191, 13]el, A2l MY, eHEAY, o] A= A]RtelEe] F o]
olXItk(Jesus and Francisco, 2008). ol T3, mpafiol], ©adl Gt 42 EAEHo| ZA 745 Lut efvtt o
o] wololA| th2 2 2(Bell et al., 1995; Shin et al., 2004; Tudes, 2012; Perrin et al., 2015) 5= Tgzte] A2]o]| w2t
8RS 7Hs/d& thEA| 2-8allof titt. 47 71 ool F-Eo] EAT A AdAskEo] A[HHekEe] 8 FRIAtE
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o] vlsted T =2 QA H It Lamb and Shiau, 2014). Oh and Ahn (2016)2] Lol A= EALS] At =7}
= o & 237 P ok Z-& ZRlskleh. £5Ar7 =2 739 2[5 Ul A|oke9] §igke] Zo] A2 1, 4gE 7
EAR] fEE dojd & qlom, BpAlS 71zl et 10+ envsec ©foFe] FAl5-E 7= Zlo] ARz tish
% O]- 1’4‘(Reddy and Jeffrey, 2001; Shin et al., 2004; Sakai and Maeda, 2009; Lee et al., 2014 “5). =Ho]| spd o] ZAffst
, Aol 5t 9] Boll Gk o ARHlsh ok=o) A 7Fs do] SVt skt 150m A2 7HA]
T JFS o FE5HS A= ) 25m 7HA] IS & 4= QItHCarbognin et al., 1984; Perrin et
al., 2015). A6} Aok 91-aaE Q] mo] 7} Hof A2E A ARl Sl mpo| e} Bl wsto] iz O] 4o
A 7Fs/do] Bf 2H(Cho and Lee, 2014), A|okr-917} skt Bt B 55 78-¢0fl A9 9] 99l do] o A=A
Slea o] A2 X717} @ =l slatE o] Ajto] Z713ItK Park, 2015). Singh(2007)-2 £3}5 HA1Z0] B4
o] 75l ofafl At 2ol A &3 A GEH o= o] Rttt 511, A2 S0 7 Y o] % 2]t
A7 A= Al o] Wo] B 17517 QItkThm et al., 2016). EARR} &) AA= EAJo] thE A
FEA4d Afo] Fo2 QI o] H 7hsAdo] =om, 7] At EAF A S AR Hs ARESE rdstu =
7|ENo} A O] AT AR x]aHekR o] 91910 2 A5 Kim et al., 1995).
=2 A AREEol Gk RIAlE 18719 QIARE FollA] Fat b4l o] A Aot iieke Sl ZFA-S whet 1| 112
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Table 2. Score by grade for factors of Ground Subsidence risk Rating for pre-excavation(GSRp)
. Score by Grade
Categories Factors
100 (Safe) (Danger) 0
t-1.Depth of 60~55 5550  50-45 4540 40~35  35-30
Cavity (m)
1.Cavity Score by Grade 92 75 58 42 25 8
1-2.Thickness of Cavity (m) 0~5 5~10 10~15 15~20 20~25 25~30
If there is more than a certain size of cavity (for soil, 10 cmx10 cmx10 cm; for rock, I mx1 mx1 m)
2.Soil+ 2-3.Depth of Boundary between Soil <5 5-10 1115 16-20 2125 26-30 =30
Rock and Rock-mass (m)
-mass Score by Grade 93 79 64 50 36 22 7
3-4.Type (USCS) GW,GP GM,GC CH,CL MH,ML  SM,SC : SW,SP | OL, OH
Score by Grade 93 79 64 50 36 22 7
3-5.Relative Density/Degree of
Compaction: 50 49~1 0
SPT(N)
3.Soil Score by Grade 100 N2 =982 0
3-6.Water Content (%) <15 15~25 25~40 40~55 > 55
Score by Grade 90 70 50 30 10
3-7.Liquid Limit (%) <35 35~50 35~90 >90
Score by Grade 87 63 38 13
Rock Coal Mud . Lime Rock
4-8.Rock Type et Shale Shale  -stone Dolomite stone Gypsum Salt
Score by Grade 94 81 69 56 44 31 19 6
4 Rock 4-9.Distance to Main Fracture (m) 50 49~2 1
-mass 100 mx2 =98~4 2
Score by Grade - -
If Fault or Fault Zone or Fracture Zone, or Brittle Shear Zone exist
4-10.RQD (%) 100~80  80~60  60~40  40-20 20~0
Score by Grade RQD Value = Score
5-11.Distance to Main Channel (m) > 400 200~400 100~200 <100
87 63 38 13
Score by Grade - —
If a Main Channel is exist
. . ML, MH
5.Hydro 3-12 Coefficient of permeability CL,CH Rocks having . SC SM | SW | SP,SW | GP, GW
(cm/sec) Intact rock . o
Geology discontinuities
Score by Grade 93 79 64 50 36 22 7
5-13.Gr0undwa?er level above <1 15 6-10 11~15 16-20 =20
planned excavation bottom (m)
Score by Grade 92 75 58 42 25 8
Ground Ground Ground Ground Ground
L No Level of Level of Level of Level of Level of
6.External 6-14.Pipe-lines . . . . . .
pipeline: Pipe-lines = Pipe-lines = Pipe-lines = Pipe-lines = Pipe-lines
Factors <20m  <-10m  <5m <2m Z0m
Score by Grade 100 90 70 50 30 10
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2|7} ol A1 A Ett. Table 337} Table 41| A|A % 7F52]= Park et al.(2017)0] A|AIgE 2t Z|HFekE JaFAAtbE2] Q18- |l
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S 2 QG k722 A} B F86it= 7S AR obH 7153 1= 18- Rl apo] vttt |5 59, ot
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Table 3. Abbreviation and constants for weighting factors for Ground Subsidence Risk rating for Pre-excavation(GSRp)

Constants for

Categories (Cate) Factors(F) Abbreviation Symbol Weighting weighting factors(x)
. . Depth of cavity DC 50% DC=0.5S
Existence of cavity (CV) ) )
Thickness of cavity TC 50% TC=0.5S
Soil+Rock (SR) Depth of boundary DB 100% DB=S
Type TS 30.0% TS =0.374S
. SPT (N) RS 37.5% RS =0.375S
Soil (SL)
Water content WwC 15.0% WC=0.150S
Liquid limit LL 17.5% LL=0.175S
Type TR 42% TR =0.42S
Rock mass (RM) Distance to main fracture DF 31% DF=0.31S
RQD RQD 27% RQD=0.27S
Groundwater le.Vtal above planned GL 7.7% GL = 0.727S
excavation bottom
Hydrogeology (HG) Distance to main channel DDC 11.4% DDC =0.1148
Permeability K 15.9% K=0.159S
External factors (EF) Pipe-Line PL 100% PL=S

* Remark: Score based on grade by using term frequency

Table 32 E7sH] ARt oS sl A7t ofe] 712 Bl QIR 7152] gl(x)= ARIRE 2104, Table 4= Hseh
Aekzzde] whet Rolwl= 7] Fly)re UER Zloltt 5, 35°] fle Aok, F it BAE EAT e =
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Table 4. Weighting(y) by categories according to ground condition during pre-excavation(GSRp)

No. Ground Condition Categories Weighting Constants for weighting categories(y) Remark
Soil/rock boundary (SR)  1.3% SR;,1=0.013xCate(S)
No cavities and Soil (SL) 34.6% SL,=0.346xCate(S)
conditions that can 0 ~ .
P1 measure the boundary Rock mass (RM) 22.5% RM;,=0.225%Cate(S) The most common site
between soil and rock Hydrogeology (HG) 38.1% HG;,=0.381xCate(S)
External factor (EF) 3.5% EF;,1=0.035%Cate(S)
Soil (SL) 45.5% SL;3=0.455xCate(S)
All soil conditions o _ A site that usually
P2 without cavities Hydrogeology (HG) 50% HG;;;=0.500xCate(S) appears
External factor (EF) 4.5% EF;;=0.045%Cate(S)
N Rock mass (RM) 35.1% RM,4=0.351xCate(S) .
3 All ro?k mass C(?n‘dltlons Hydrogeology (HG) 50.5% HG,=0.595xCate(S) A site that usually
without cavities appears
External factor (EF) 5.4% EF4=0.054%Cate(S)
Cavity (CV) 6.5% CV,5=0.065xCate(S)
Conditions that can Soil/rock boundary (SR)  1.2% SRps=0.012%Cate(S)
py Measure the boundary Soil (SL) 32.4% SLps=0.324xCate(S) Occasional occurrence
between soil and rock Rock mass (RM) 21.1% RM,5=0.211xCate(S) site
with cavities Hydrogeology (HG)  35.6% HG,=0.356%Cate(S)
External factor (EF) 3.2% EF,5=0.032xCate(S)
Cavity (CV) 8.3% CV,7=0.083xCate(S)
ps All soil conditions with Soil (SL) 41.7% SL;7=0.417xCate(S) A rare occurrence
cavities Hydrogeology (HG) ~ 45.8% HG;,7=0.458*Cate(S) site
External factor (EF) 42% EF;;7=0.042%Cate(S)
Cavity (CV) 9.8% CV,5=0.098xCate(S)
P6 All rock mass conditions ~ Rock mass (RM) 31.7% RM5=0.317xCate(S) A rare occurrence
with cavities Hydrogeology (HG) 53.7% HG,5=0.337xCate(S) site
External factor (EF) 4.8% EF,5=0.048%Cate(S)
AldkelE 2iSE &7 (GSRp)
29RkE FFIAL E SESRRt 4= Table 291 o] Akt 4 Qla1, Table 3f| whet ofu] AR 2t Z4=of] Q12PE
7V 2] BH(x)& Foto] GA4tet 5ol Table 40f AJAIE A9z E}E](Pl P6) FoI == 7152 dl(y)= A Eotol &
Atet 23110004 22 0417HA] 28HEE 58 B RE & 4 U Hrt £, oI5 Alo& Yehli| A (1)t o]
Ioor 2 Ohj-
A= TR

GSRp =

2H{[2(Six)]yit + ZH{[2Z(Six)]yita -+ ZH{[2(Sixi)] yitn

(1)



o|uff, Si¥= Z} 1AFE Z4<4x(Table 2), xit= Z} Q1A 7155 (Table 3), yie 2+ QIAFS2] Z7H| 22| E 7152 (Table 4)5
e ook weba] Z]8REE 1955 w7 GSRp 4= Table 5o Uehd AAH 252421 2|6keks s+
(GSRp)= 19 952t ZHK(D) oA vl Bt ARK(V)7H2] STAIR w-7ote] ZA] 2] ZRkekE 919/dS dI5st
= 8= verd 4= Q.

Table 5. Final Rating(GSRp) for Ground Subsidence Risk

Rating GSRp Classification for risk of ground subsidence
I >80 Very good ground
I 80 ~ 60 Good ground
I 60 ~40 Moderate ground
v 40~20 Poor ground
A" 20< Very poor ground

E 9|

B Aol =g 951, AIEA] 008742] BL-307-7+ BL-3177F 242} 1740 tglo] ZRREZAE 1A 9} A%F A]
AAE 52 272 GSRp F4-E APF51t). BL-30 4132 e abetAL Au} oA AR o] Z]Hkg-50] 2Fl(CV)
&30 Z]E AFELO] S(SL) T A& 5RO N RM) 0] I EI(SR)SIL Q= 21 0 &2 FAFE QI 2| XA HG) ¥ 2%

BHEF) 71E|128]9] FARJIAIE ekt
rock with cavities) S -85, ™, & GSRp H+= 60.6 0.2 A& E|o] 2Ptz At 1-52(Good Ground) 2
= S RE I BL-31 252 A F-50] SRRIE| %] 91T 2|5 AR0] F(SL)} 21F 50| HHRM)o] BT 2
HE(SR)oIH FFAHHG) 2 HFAHKEF) 7IE|112]e] FIIAE 3EFSH= P1(Conditions that can measure the
boundary between soil and rock without cavities) 2] A|RFE7A-S- -85} 0 %|& GSRp A4-=139.3 02 A& 0] #]
HhehE el e= V53 (Poor Ground). 0. = 75| it 7218 =38 IHof| A, 2|9l 3FIATZ vt 7H o]
A = Fdwte] A7 Q2= Fd 50m o1 o] AEH FaFo] 9] gl A 0 & 5Hof 10048 A7g5ISInt ol Aol o
82 D/BolA et o AA R of| kg Rl FIE o] et 0~50 m kS 03 ~1007 0 =2 fHikeh= 7o) 71 dA
S EEE U= o= ZAE 7] olof 4 Sa2lE sieiltt. 12u FHE o] FRet S0 et 50 m o]
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