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Abstract

As the occurrence of ground subsidence near the excavation site increases recently, studies are being
conducted to predict the possibility of ground subsidence prior to excavation. In this study, the ground
subsidence risk rating for pre-excavation (GSRp) developed by the previous study was applied to
actual excavation sites to verify its applicability. The final results for the evaluation of the ground
subsidence risk level for five excavation sites revealed that GSRp scores were calculated between 40
and 79 points and classified mainly into grades II (Good Ground)~III (Fair Ground). In order to verify
the evaluation method, the obtained GSRp grades were compared with the measured horizontal
displacements. The horizontal displacements measured in five excavation sites were between 25% and
47% of the allowable displacement, which were well agreed with the low subsidence risk level obtained
from GSRp calculation. It is expected that the GSRp method can be used as an evaluation tool for
predicting the risk of ground subsidence before excavation if GSRp is verified and supplemented
through the additional research for the poor soil with the high risk of ground subsidence.
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Thm et al.(2018)-> Z|¥HFE FaIRIAL, 7H|ar2]E Ixp=e] tigt 7154], ARtz b 7154] 54 ~33%
o] ARFodLt. Table 16 AIXEH F- 14709] FaFRIAH= S5F2ke 4ol whk QI2PE H4=(Si)E FolobA Hrt A]49t
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AFEE 2P (Sl ZHI 2 1Al tiRF 7R A1(Xi) & =ote] FRRIAPE A4(F(Si) & oA =z 2t 7}
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GSRp = X {[2(Si » Xi)] * Yi}1 + Z{[2(Si * Xi)] * Yi}2 + -+ Z{[2(Si * Xi)] * Yiln (1)
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Table 1. Score by grade for factors of ground subsidence risk rating for pre-excavation (modified after lhm et al., 2018)

. Score by grade
Categories Factors
100 (Safe) (Danger) 0
1-1. Depth of cavity (m) 60~55 55~50 50~45 45~40 40~35 35~30
) Score by grade 92 75 58 42 25 8
1. Cavity ; .
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 cm * 10 cm x 10 cm; for rock, I m x 1 m x 1 m)
2-3. Depth of boundary
2. Soil + between soil and <5 5~10 11~15 16~20 21~25 26~30 >30
Rock mass rock mass (m)
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: SPT (N) 30 49-1 0
3. Soil Score by grade 100 N x2=98-2 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
4-8. Rock type Rock etc.  Shale Coal Mud- Dolomite Lime- Gypsum Rock salt
shale stone stone
Score by grade 94 81 69 56 44 31 19 6
4-9. Distance to main 50 492 |
4. Rock mass fracture (m)
100 m x 2 =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 400 200-400 100200 <100
channel (m)
87 63 38 13
Score by grade - -
If a main channel exist
. ML, MH
5 Hydro- 012 Coefficient of CL.CH g ockshaving ~ SC SM SW  SP,SW GP,GW
permeability (cm/sec) Intactrock . s
geology discontinuities
Score by grade 93 79 64 50 36 22 7
5-13. Groundwater level
above planned <1 1~5 6~10 11~15 16~20 >20
excavation bottom (m)
Score by grade 92 75 58 42 25 8
Ground level Ground level Ground level Ground level Ground level
6. External  6-14. Pipelines No pipeline  of pipelines  of pipelines  of pipelines  of pipelines  of pipelines
factors <-20m <-10m <-5m <-2m Z0m

Score by grade 100 90 70 50 30 10




Table 2. Abbreviation and constants for weighting factors for ground subsidence risk rating for pre-excavation (modified
after lhmetal., 2018)

Abbreviation ~Weighting

Categories (cate) Factors (F) Cate (S)=(Xi * Si)

symbol (Xi)
. . Depth of cavity DC 50% DC=0.5Si
Existence of cavity (CV) Thickness of cavity TC 50% TC=05Si
Soil + Rock (SR) Depth of boundary DB 100% DB=Si
Type TS 30.0% TS=0.374 Si
Soil (SL) SPT (N) RS 37.5% RS =0.375 Si.
Water content wC 15.0% WC=0.150 Si
Liquid limit LL 17.5% LL=0.175Si
Type TR 42% TR =0.42 Si
Rock mass (RM) Distance to main fracture DF 31% DF=0.31Si
RQD RQD 27% RQD =0.27 Si
Groundwater level above planned excavation bottom GL 72.7% GL=0.727 Si
Hydrogeology (HG) Distance to main channel DDC 11.4% DDC=0.114 Si
Permeability K 15.9% K=0.159 Si
External factors (EF) Pipeline PL 100% PL=Si

Table 3. Weighting (y) by categories according to ground condition during pre-excavation (Modified after Ihmetal., 2018)

Weighting  Constants for weighting categories

No. Ground condition Categories .
§ (Yi) )
Soil/rock boundary (SR) 1.3% SRy =0.013 x Cate (S)
N i d conditions that Soil (SL) 34.6% SL,1 =0.346 x Cate (S)
o cavities and conditions that can measure o _
P1 the boundary between soil and rock Rock mass (RM) 22.5% RM;; =0.225 x Cate (S)
Hydrogeology (HG) 38.1% HG;,; =0.381 x Cate (S)
External factor (EF) 3.5% EF;; =0.035 x Cate (S)
Soil (SL) 45.5% SL,; =0.455 x Cate (S)
P2 All soil conditions without cavities Hydrogeology (HG) 50% HG,; =0.500 x Cate (S)
External factor (EF) 4.5% EF;; =0.045 x Cate (S)
Rock mass (RM) 35.1% RM,4=0.351 x Cate (S)
P3 All rock mass conditions without cavities Hydrogeology (HG) 59.5% HGp4 = 0.595 x Cate (S)
External factor (EF) 5.4% EF,4 = 0.054 x Cate (S)
Cavity (CV) 6.5% CV,5 =0.065 x Cate (S)
Soil/rock boundary (SR) 1.2% SRys =0.012 x Cate (S)
P4 Conditions that can measure the boundary Soil (SL) 32.4% SL,s =0.324 x Cate (S)
between soil and rock with cavities Rock mass (RM) 21.1% RM;s =0.211 x Cate (S)
Hydrogeology (HG) 35.6% HGgs =0.356 x Cate (S)
External factor (EF) 3.2% EF;s =0.032 x Cate (S)
Cavity (CV) 8.3% CV,;=0.083 x Cate (S)
Soil (SL 41.7% SL,7;=0.417 x Cate (S
P35 All soil conditions with cavities oil (SL) ’ v ate ()
Hydrogeology (HG) 45.8% HG,; =0.458 x Cate (S)
External factor (EF) 4.2% EF,;=0.042 x Cate (S)
Cavity (CV) 9.8% CVp3=0.098 x Cate (S)
Rock R 31.7% RM,5 =0.317 x Cate (S
P6 All rock mass conditions with cavities ock mass (RM) ’ s ate (5)
Hydrogeology (HG) 53.7% HG,5 =0.337 x Cate (S)

External factor (EF) 4.8% EFy5 =0.048 x Cate (S)
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Table 4. Final rating (GSRp) for ground subsidence risk

Rating GSRp Classification for risk of ground subsidence
I 100~81 Very good ground
I 80~61 Good ground
11 60~41 Fair ground
v 40~21 Poor ground
\% <21 Very poor ground

Tables 2, 301 AXE 7FA= AN FIRAAEL] I8 HIESE Ve 0=, 7P B 0 2 AREE| 3 Qli= Term
Frequency(TF)7 2] AFEH o] olstod 4 et al., 2018). o|EA| A-=4H GSRp 5= 1~Vs87H] 55
BOE LREo] ol S RtolA ulle EFFAHEO 7 X|HiekE 19l B7I5HA| Eth(Table 4). Table 4+= Ihm et
al.(2018)°] AI§Fe T 3 O] 7 FEE = BAIRS Botolal d7e] 283t ARlEAlS Tefsto] Uhgo] 475 44
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(c) Eojin-dong, Sejong-si (H9BL, C30-31BL) (d) Bongmyeong-dong, YooSung-gu, Daejeon

Fig. 1. Geological map of the study area.

AR HO 252 Wi Z, BT, BIES U TN SAE oI F L AUtk R iiHE-2 1.9-2.5 mo] FA=
Bush, 22 4191 AEA mel(SM) = TAETHGeumsangun, 2017). T5H1=9.6% 2 Tha A (dry)$H AE| 2 Lreh
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wt. oFE MR AlE BlA 3 dElolH, No. 20074 F7Heo] 9.4%= £HA HEo] Erh EFTUAIC] O NS
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Table 5. Applied scores of influencing factors for excavation sites

Categories
Site 2 3. Soil 4. Rock S. Hyd 1 E6']
Soil + Rock . Soi . Rock mass . Hydrogeology xternal
factors
N Distance Groundwater Distance
- Cavi
. Exc.:a Ground | Depth of SPT Wn | Liquid | Rock | to main | RQD level above to main | Perme- | . .
Site vation L. boundary Type . planned ... |Pipelines
condition N) (%) | limit | type | fracture | (%) R channel | ability
depth (m) (m) excavation (m)
bottom (m)
0.0~1.3m
1. (soil) .
. 9.0m - 1.3 GW-GM | 25 10.0 NP | Gneiss - 4 0 1,600 |GW-GM -
Gongju 0.0~9.0m
(soil + rock)
00-6.0m SW-SM | 12 | 116 | NP
2. (sediment) .
Geumsan 8.0m 0080 - - Granite 50 - 5.6 10 SW-SM -
- SM | 31 | 200 | NP
(+weathered)
3. 0.0-90m SP-SM | 9 | 191 | NP
‘ (sediment) .
Sejong | 14.0m 00140 - - Granite - - 8.2 50 SP-SM -
HI9BL S=afm M 30 | 159 | NP
(+weathered)
4 0.0-14.0m SM 15 | 200 | Np
. (sediment) .
Sejong  [25.0m 0,050 - - Granite - - 18.1 40 SM -
€30,31BL G==ofm SM 33 | 149 | NP
(+weathered)
0.0~13.0m
5. (soil) .
. 16.0 m - 13.0 SM 30 20.0 NP | Granite - 10 83 370 SM 1.5
Dagjeon 0.0~16.0 m
(soil + rock)
Table 6. Final rating of GSRp for a site in Gongju
Xi Si Ground
1) = Si*X1 1 * V1
Cate. Factors (F) (weighting) (factor score) F (si)=Si*Xi Cate (S) condition Cate Yi Cate (S)*Yi  GSRp
. . Depth of cavity 0.5 0 0 SR 0.013 0.091
Existence of cavity (CV) . - 0.00
Thickness of cavity 0.5 0 0 SL 0.346 24.627
Soil + Rock (SR) Depth of boundary 1 7 7 7.00 P1 RM 0.225 16.101 76.6
Type 0.3 79 23.7 HG 0.381 32.291
SPT (N) 0.375 50 18.75 EF 0.035 3.500
Soil (SL) 71.18
‘Water content 0.15 90 13.5 SL 0.455 32.385
Liquid limit 0.175 87 15.225 P2 HG 0.5 42376 79.3
Type 0.42 94 39.48 EF 0.045 4.500
Rock mass (RM) Distance to main fracture 0.31 100 31 71.56 Final rating (GSRp)
RQD .2 4 1.
Q 027 08 I 100~81 Very good ground
Groundwater level above 7 92 66.884 1 80~61 Good ground
planned excavation bottom )
Hydrogeology (HG) Depth to main channel 0.114 87 9.918 8475 i 60-41 Fair ground
I 40~21 P
Permeability 0.159 50 7.95 v 0~ oor ground
External effects (EF) Pipeline 1 100 100 100 v 20-0 Very poor ground
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Table 7. Final rating of GSRp for a site in Geumsan

Xi Si Ground
N = Si*X1 1 * Y1
Cate. Factors (F) (weighting) _(factor score) F (si)=Si*Xi Cate (S) condition Cate Yi Cate (S)*Yi  GSRp
_ _ Depth of cavity 0.5 0 0 SL 0455 20714
Existence of cavity (CV) - - 0.00 Sediment
Thickness of cavity 0.5 0 0 P HG 0.5 25.799 51.0
Soil + Rock (SR) Depth of boundary 1 0 0 0.00 EF 0.045 4.500
Type 0.3 36 10.8 SL 0.455 27.198
, SPT (N) 0375 24/62 9/23.25 assy veathered AT 25799 575
Soil (SL) P2
Water content 0.15 70 10.5 59.78 EF  0.045 4.500
Liquid limit 0.175 87 15.225
Type 0.42 0 0
Rock mass (RM) Distance to main fracture 0.31 0 0 0.00 Final rating (GSRp)
RQD 0.27 0 0 I 100~81 Very gOOd ground
Groundwater level above 0727 58 42,166 1 80~61 Good ground
planned excavation bottom ’ ’ 111 60~41 Fair ground
. 51.60/
Hydrogeology (HG) Depth to main channel 0.114 13 1.482 5160 v 40~21 Poor ground
Permeability 0.159 50/50 795 v 200 Very poor ground
/7.95
External effects (EF) Pipeline 1 100 100 100

Al HOBL @42 AP S|AE ST} 5} FSpe2 o] 2ol AEZPOlH, B 24 ArhE B2 ANHE 9
e 3718 ARk 25 GSRp H4-E 5720 02 UehHII5-e] Ao 2 2R EIAC Table 8). 47 514
E-3ke] A7) oJg GSRp W4 50,080 2 AHg o] 1) Az do] ofet ANTHE Sl AEE
Lol ok BIAIES 8120 913 vk 28t 4rele] Bstel 21itel NRK50 obdol S Aol =iz o] o
golct
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Table 8. Final rating of GSRp for a site in Sejong HIBL

Cate. Factors (F) (Wei;‘ﬁng) ¢ facmflscore) F(si)=Si*Xi Cate (S) cﬁgi?jn Cate Yi  Cate(S)*Yi GSRp
Existence of cavity (CV) Depth of cavity 0.5 0 0 0.00 Sediment SL 0.455 19.690
Thickness of cavity 0.5 0 0 -~ HG 0.5 25.799 50.0
Soil + Rock (SR) Depth of boundary 1 0 0 0.00 EF 0.045 4.500
Type 03 36/36 10.8/10.8 SL 0455 26856
SPT (N) 0375 18/60 675225 a43py vedthered LTS 25799 572
Soil (SL) P2
Water content 0.15 70 10.5 59.03 EF  0.045 4.500
Liquid limit 0.175 87 15.225
Type 042 0 0 Final rating (GSRp)
Rock mass (RM) Distance to main fracture 0.31 0 0 0.00 I 100-81 Very good ground
G RQII) o 027 0 0 I 80~61 Good ground
pla‘;’n‘z :}’::iaz:; e o727 58 42.166 e 1 60-41 T —
Hydrogeology (HG) 1y i o main channel 0.114 13 1.482 51.60 v 40-21 Poor ground
Permeability 0.159 50/50 7.95/7.95 v 20-0 Very poor ground

External effects (EF) Pipeline 1 100 100 100
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A& C30-31BL @72] A miE 3 9 E|&5-9] Agkzgdof 3k GSRp 4= 40.0, sHi- 27k o] 2921
A8 o] e 42.6.0 2 AFEE| o] ARt 0] FAFSE Q1 AlE H9BL |AFHET} thA V7| H71=] I Table 9).
o]2igt A= AlE €30-31BL 82| 227t A% H9BL @ H T Zo] 22} 25149 TAlof| tigh Jakelxt
& Aa7tERsH 285 Aot

Table 9. Final rating of GSRp for a site in Sejong C30-31BL

Cate. Factors (F) (wei;:ﬁng) ¢ facmflscore) F(si)=Si*Xi Cate () Cﬁzi?:n Cate  Yi Cate(S)*Yi GSRp
Existence of cavity (CV) Depth of cavity 0.5 0 0 0.00 Sediment SL 0.455 21.738
Thickness of cavity 0.5 0 0 P HG 0.5 13.804 40.0
Soil + Rock (SR) Depth of boundary 1 0 0 0.00 EF 0.045 4.500
Type 03 36/36 10.8/10.8 SL 0455 24297
SPT (N) 0375 30/45 112516875 4775 ehered TS 13.804 426
Soil (SL) P2
Water content 0.15 70 10.5 53.40 EF  0.045 4.500
Liquid limit 0.175 87 15.225
Type 042 0 0 Final rating (GSRp)
Rock mass (RM) Distance to main fracture 0.31 0 0 0.00 I 100-81 Very good ground
G RQIl) o 0.27 0 0 I 80~61 Good ground
pl;;‘f; :‘)’::iaf:; EOZZ; 0.727 25 18.175 et 11 60~41 Fair ground
Hydrogeology (HG) 1y o main channel 0.114 13 1.482 27.61 v 40-21 Poor ground
Permeability 0.159 50/50 7.95/7.95 v 200 Very poor ground
External effects (EF) Pipeline 1 100 100 100

AR S, FRES L FSHR o] Fol7] EARITIL Sl Ao o] ouho 2 o] R0l ti AR A EARAIYH
(P2)71]9] Atz 02 AHZSH GSRp H4eet sHE otulrkx] Zeket St ohuto & o207 Aukx7AP1)e] o
GSRp 571 217t 59.6 37 62,07 © 2 B7F=| Itk Table 10). =, AR EAREHP2)RH] 2]9hz71 0 2 ARES) 2)uks
F(1)°] Z1} Qhare] 2|z A(P1) 02 AESH 2SI R} tha Whe WA TE Bt

Table 10. Final rating of GSRp for a site in Daejeon

Xi Si Ground
N . P
Cate. Factors (F) (weighting) (factor score) F (si)=Si*Xi Cate (S) condition Cate Yi Cate (S)*Yi GSRp
. . Depth of cavity 0.5 0 0 SR 0.013 0.169
Existence of cavity (CV) : : 0.00
Thickness of cavity 0.5 0 0 SL 0.346 21.461
Soil + Rock (SR) Depth of boundary 1 13 13 13 P1 RM 0.225 16.466 62.0
Type 0.3 36 10.8 HG 0.381 22.873
. SPT (N) 0.375 60 225 EF 0.035 1.050
Soil (SL) 62.03
Water content 0.15 90 13.5 SL 0.455 28.221
Liquid limit 0.175 87 15.225 P2 HG 0.5 30.017 59.6
Type 0.42 94 39.48 EF 0.045 1.350
Rock Di in fi .31 1 1 .1 X .
ock mass (RM) istance to main fracture 0.3 00 3 73.18 Final rating (GSRp)
RQD 027 10 27 I 100~81 Very good ground
Groundwater level above ;7 58 42.166 1 8061 Good ground
planned excavation bottom .
Hydrogeology (HG) Depth to main channel o114 &7 0018 60.03 I 60~41 Fair ground
Permeability 0.159 50 7.95 v 40-21 Poor ground
v 20~0 Very poor ground

External effects (EF) Pipeline 1 30 30 30.00
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Table 11. Comparison between GSRp final ratings and horizontal displacements

Site Measurement

GSR; .
P Ratings  Horizontal displacement /

i i iti ound condition
Site Excavation depth (m) Ground condition (gr ) Management standard* (%)

. 0.0~1.3 m (soil) 79 (P2) I

1. Gongju 9.0 . 47
0.0~9.0 m (soil + rock) 77 (P1) I
0.0~6.0 m (sediment) 51 (P2) 11

2. Geumsan 8.0 44
0.0~8.0 m (+weathered) 58 (P2) I
) 0.0~9.0 m (sediment) 50 (P2) I

3. Sejong H9BL 14.0 46
0.0~14.0 m (+weathered) 57 (P2) I
) 0.0~14.0 m (sediment) 40 (P2) v

4. Sejong C30,31BL 25.0 31
0.0~25.0 m (+weathered) 43 (P2) I
. 0.0~13.0 m (soil) 60 (P2) I

5. Daejeon 16.0 ) 25
0.0~16.0 m (soil + rock) 62 (P1) I

*Management standard: H/300, H = Excavation depth.
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% 4= 9k, Wb ARk GSRp A== 54 AJvte] A S
B EERERIENIS

7kl GSRpell tigh AZa} Heoto] W eh 2 0 2 Alg ok
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