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Abstract

Although it is currently conducting slope management and research using digital technologies such as
drones, big data, and artificial intelligence, it is still somewhat insufficient and is still vulnerable to
slope failure. For this reason, it is inevitable to present the development direction for research on
prediction and analysis of slope failure using the digital technologies to effectively deal with slope
failure, which requires a preemptive understanding of prediction and analysis of slope failure. In this
paper, we collected literature data based on the Web of Science for five years from January 1, 2016 to
December 31, 2020 and analyzed by co-word analysis to identify the domain structure of research on
prediction and analysis of slope failure. Detailed subject areas were identified through network
analysis, and the domain relationships between keywords were visualized to derive global and
regionally oriented keywords through relationship, centrality analysis. In addition, the clusters formed
by performing cluster analysis were displayed on the multidimensional scailing map, and the domain
structure according to the correlation between each keyword was presented. The results of this study
reveal the domain structure of research on prediction and analysis of slope failure, and are expected to

be usefully used to find future research directions.
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%151}, Web of Science H|o|EH|o] A0 A Algol= Ad WS Z]7L}st tFsHA|(Geo sciences multidisciplinary),

2]174-88}(Engineering geological), A& el(Geology) 22 ARFsEA, 717122016 19 1 9HE1 2020 12<€ 31 474
ol Hlole| & &-&53irt. 4 tido] H=HgH 51 o5 9 24 W 252 FE517] 916l 7191E “slope failure’
E A WA Ao 2, = HA 7] =(and) 2 “‘prediction’ 2} ‘analysis’ S ‘or’ 2 Y 25to] FA|(Topic) AA-S AAISHI.
AN At o] 7IXFFeh s BiEH ] 24 9 oS I o A =2 38071} R Y] =7 47, HYAE 3
A, Z2AIY =2 37, B 671 0.2 F396710] - H I o 37 AL EoIS] CiteSpace 5.7 ol A 71%
tlofEofl A oJm] Y= ‘?}01 E& FE5P] ol Tl A 74?1 AA 2] (preprocess) w4 FSIGATE 7% HlolH 4
;qﬂr A= 1 FH o= FAo BastHoly A& 7\1];—‘1 59Tt ©]%- COOC ver 0.4 =2 TFH(Lee, 2006a)
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Jﬂm otolct. W A ol S AE R daEE(PNNC)= & 0}04 WNET ver 0.4(Lee, 2013)E 53] S44 £4
2 EqtEQT BAL A5P5190 1, o] = Nodexl(Hansen etal., 2011)2 55| A|Z}s) 51t npAeho 2 SPSS ver. 26
2 ol FURAL ST, v 37 )2 2 £4 A7 Fefeliie) 582 Itk
Network
Analysis
Web of Science” CiteSpa €€ ©2003-2021

Data Extract
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A= 2= 71 =Lt 7| =] HIkE FE3130H 71915 “slope failure’= BAR]7] Tzl AR F52
Sl 85t o™, AR A BRA-S QlolA] shte] AR A Q] 75 27014 471 Ao 2 AT, 2Eo] =
o] tioiAl= Aol Mgt HAMLE F=E5131TE 0] 39671 2] =0l 5 FAM= - 2,6787I(E3 & 4.627H)
134} ©] F CiteSpace S ©1-8, 1419] 8o/ d& floll THTo] U B2 st & %‘éﬂﬂ %‘Q‘ﬂ% A A5t 2=
SHN YA 311709] 2| AES FE5HT 9lE 59 “slope stability’ 2} “stability’ 2] FETHO]= “slope stability’ =,
‘slope’ 2} “slopes’= TH=FES] ‘slope’ 5O & R} EE2 HIL =0 i o7 ‘1‘175‘3]-911‘4'. h ‘rainfall’, ‘rainfall infil-
tration’ 2} ‘rock slope’, ‘rock slope failure’ 5} 70| WAL = ALY} oJu|sl= HEZF ohE 9= W5 TIMA|FL]
oo} -2 7|9|E A et v Fofl B e defoto] Hlea7t e o] 71155 A 2JA]717] fiste] 489 2F80%
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4 T4 Uloll A it F-83F AR E Uetil= AR 2191 thol Rl of] tfeh 73 Rl gh& YER= TF/IDFE A
8513t} ©] TF/IDF 1ol AAlollA] /9] 53%E AFAI5h=22.77 o<l 7|9 EE e Hsto] &2 o= 7]9E B AE
Z 367E A sIITt F25 o] P AEoA i okt ¥io] $li= ‘American society’, ‘good agreement’ 5 T
ofi= A LJRFAE. o] F A eI E EA tldo] Bl 2 7195 3671 2]AE+= Table 13 2.

HIEhH 23] of = 9 B4 1 2 5= 7]9]= slope failure(1), slope stability(2), stability analysis(3), debris flow
(4), rainfall(5)2 Rlk=7F o9 ot @A7ER] vl F-Q6pA A=l QIet. T3t numerical analysis(10), numerical
simulation(18), safety factor(24), numerical modeling(29), failure probability(31)2] 7| ¥ =5 Foll 51421 S8} A

Edo]dE F3l Hlofe] 240] ol FolA|Al e & 4= 3tk

Table 1. List of final 36 keywords with frequency of 7 or more

No. Keyword Frequency No. Keyword Frequency
1 slope failure 267 19 slip surface 22
2 slope stability 132 20 reliability analysis 20
3 stability analysis 111 21 shallow landslide 19
4 debris flow 52 22 failure mode 16
5 rainfall 50 23 soil slope 16
6 failure mechanism 46 24 safety factor 15
7 shear strength 39 25 unsaturated soil 15
8 limit equilibrium method 35 26 landslide susceptibility 14
9 slope instability 35 27 rainfall infiltration 13
10 numerical analysis 27 28 failure surface 13
11 rock slope 27 29 numerical modeling 10
12 early warning 26 30 kinematic analysis 10
13 risk assessment 24 31 failure probability 8
14 hydraulic conductivity 24 32 mass movement 8
15 finite element method 24 33 case study 8
16 spatial variability 23 34 rock slope failure 8
17 progressive failure 23 35 pore water pressure 8
18 numerical simulation 22 36 rainfall-induced landslide 7
SAIEHCI0] 3 2y
2 ATE 719 7 QS Sk 5 Z19E 2 AR e S HIEEYA R4 ol 1-87F A
Q1 fARE=R} 7| 9 TH I HS) AL S oka F2 AlZislell LGl wol TS BEsle] AT B4
Lg1ck. Fig. 19201 367491 19 =7H A £ 396719) HRE 9lo] B 92I5}o] COOC ver 0.4% 0185
of FAIEAT] FE-2 AISHAT CiteSpace S Foll A=} 25004 2 7|=E Y=okl [w=1H2, 7]95]
Feo] 42 vhSo] Qisle] 7]9lE AAle] 4L B T, E 1,146900] 25 B4 i 2@ o] 2lAES elal
ok o} COOCE 5o 2% 719)= 22E, S9l= FAME 2, SAFED0] YR AT, o SAEAL]
AL PYALOIM, 36 369 SAFEE} 2kl 7ho] FANIER T o] FAF ] YRL oA



SAIEHO| EMS S-S HIEH S1[ oIS U 24 70 2 2HAZ 2 - 311
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FAHEZHET, 00]] 77h2E 5 thol o] GARE = YRE-S Lhehiich FARE T 58 719]E e A Hoprh erhe

S olugict. o] ¢34 AF-S ThA] COOC ver 0.4°] Y13 vpx|2to 2 moj *ob&ﬁl# | gh2a} kg Aol
Zt} 0]} 72 22} A4 Y-S o] White and Griffith, 1981)310] T 719 =2} A3 9] 7] = 7Ho] SAEQA of
O] FAREE ST = Qlrk. o] Mol e gk wA9] 79} ¥Rkl FAlol LHEhlH - 1014 1ALl S 7HXIT,
AL 271 digte =z mdstH, o] driglo] 2545 F 719=7E Afo]o] PAVYo] w2 Ui, 225
ok ERE 10 7P7hE5 oF O A, - 100 7HeSE S0 AJBBAE e, 02 F 7191E
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A3} 12 A PH QN FARI FAE PHof| A FALE 7 7Y =2 7| 9] = A2 “spatial variability’-risk assess-
ment’ (0.41039)_3._ UERF O™, T T2 92 “spatial variability’-‘reliability analysis’(0.40415), ‘soil slope’-‘rainfall
infiltration’(0.37796) <=0 & WERGTE. -FAE 1091 719 -2 A|Qfstal, -FAE 7P W2 71 0 2 Vet 719 = 4
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‘shear strength’-‘rainfall’(0.03341) <=0 2 of}-3- Yo QAL S HoEQ T}
moj AFeAlTO] Ao diste] Aol AYighe] 0.9~1.02 oFF &
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Aol e BASH A, ATRIATE 7 T2 7195 A8 FART FARE O] - WA R 2 7|91 Ao U H ‘spatial
variability’-‘reliability analysis’(0.72404)0]™, 71 TF2-© 2= ‘shear strength’-‘safety factor’(0.70591), ‘spatial vari-
ability’-‘risk assessment’(0.70086), ‘risk assessment’-‘reliability analysis’(0.68888) <= 0.2 LFERF O™, ko] =2 Akt
TAE Zh=t}, 2o AT 7P 2 719E A2 ‘rainfall infiltration’-‘numerical modeling’(-0.16988), ‘safety
factor’-‘numerical modeling’(-0.16903), ‘numerical modeling’-‘hydraulic conductivity’(-0.08472), ‘spatial variability’-
“finite element method’(-0.15961) <=© & WP 052 0] FR[eHHHAIE 7HAAL St o] a2 Alefshal &
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of w2 TIE YIEQT A 2fE Lee, 2006a)2 21-8510] HIEEQZE A4S 12 fiAuiele] YE=/golA]
FACAIFFAIES Bt k71 91s BE 224 o2 22IAH Y YAL2E(PNNC)(Lee, 2006b)= O8I ©]
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Fig. 222 978] 242 2H AR G2 atete] iehfiglom, 2+ 240] Wash 2t el W47} /b e 7191
@l slope failure(1), slope stability(2), stability analysis(3), shear strength(5), progressive failure(17), hydraulic conduc-
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A SAHo] He 719=E HEsto] RIS 4 AU Table 221 Zo] S thA A2 u7iE-41 33 b A de vl st
-2 o, “slope stability(2)’, ‘limit equilibrium method(3)’, “stability analysis(3)’, ‘slope failure(1)’, ‘shear strength(4)’,
‘slip surface(3)= 25 109] Sholl TRt = =2 M-S 7 7]9Eat & 5 glom, o= v[Ed 31 o &5 4
EA o] QoM e = 71 e & 4= St ‘I?} A2 ARzl 754 A ol 4 9] “rainfall-induced landslide(3)’,

‘case study(2)’, ‘rainfall(5)’, ‘numerical simulation(3)’, Hw A/ ll4] 9] ‘spatial variability(3)’, ‘risk assessment(13)’,
‘hydraulic conductivity(14)’, ‘reliability analysis(20)’, 7]—rJE A HETH B of = 9 B4 o Lof| 2} S E]= 7

oty B 4= 9]

Table 2. Top 10 in two global centrality indices for weighted networks

Relative triangle Average mean
Rank Keyword (No.) betweenness centrality Keyword (No.) association
(rTBC, 0~1) (AVGSIM)
1 slope stability (2) 0.59664 slope stability (2) 0.16171
2 limit equilibrium method (8) 0.54118 stability analysis (3) 0.14917
3 stability analysis (3) 0.52773 shear strength (5) 0.12224
4 slope failure (1) 0.5042 spatial variability (16) 0.11149
5 shear strength (5) 0.49244 reliability analysis (20) 0.11084
6 rainfall-induced landslide (36) 0.45882 limit equilibrium method (8) 0.11065
7 case study (33) 0.45714 risk assessment (13) 0.10044
8 rainfall (7) 0.4521 slip surface (22) 0.09965
9 numerical simulation (18) 0.44202 slope failure (1) 0.09918
10 slip surface (19) 0.42857 hydraulic conductivity (14) 0.08254
chg-02 97 L] Al FAG AL R o) AFA A4S Zak, At 7| U= olshek ] el 2
oA FFelo] 7MY w2 719=E SIS 4= = A HTA oS A RS ol 8sklth. 2 ol A5/

o] 7F &2 T4 FA o= A4 slope failure(1), AR slope stability(2), A|3+-% stability analysis(3), Al4+-F]
shear strength(5), |54 progressive failure(17), Al6+-% hydraulic conductivity(14), Al7-% shallow landslide(21),
A8 unsaturated so0il(25), A9 landslide susceptibility(26)°]131.2.™, A7, 8, 92 w4 o]l &3F2 70 7| =2
e abelay

F3F [ B2 oS 9 24 G oA T THSINAE S Sl 71 HIE S E1I517] 91510 NodeXL< ©]-8-51]
m7i5AA 25 S5t o] 7RS4 FE A 1TY7ERIE 715222 slip surface(19), slope stability(2), spatial
variability(16), reliability analysis(20), hydraulic conductivity(14), failure surface(28), numerical analysis(10), rainfall
infiltration(27), stability analysis(3), finite element method(15) <=©| 1Tt Fig. 42} Zo] =90 F7]+= XS54/ o] ut
2}, 7H 9] A71= 7191 E 2RIk ofl vl = shof, wi7iE4A4d kel 3.65 o1 91 10719] = B 4121 FHI=
FASl] HELRA A =5 A3l o H, ol & Fofl HIEgH 51 oS 2 FA40f Tt 7191 = -8 vi7| =S Sl= 7]
QEE 1H5l] 3olg 4~ Q)i

A5 B2 F-3(slope failure) 2} 7P ¥Hdo] 22 7|91 == JA=| ]I o] 4ol &3l = 71 EE2 HIE
H Sy oto] A A 101 of- St Tt It o 0 7 M FAIE @2kt 4= QItt slope failure(1), debris flow(6),
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early warning(12), pore water pressure(35)% 73501 919 ™, debris flow(6)= LEHH Q1 H[EH By ob=d2] &5H
2 7R = EARE YERT, early warning(6)= U E[H O] Z7|HFsE 27|14 BAIAR] pore water pressure(35)<
=S UEpdn 7 719150 M= vl B2 7| ERE B2 7|9 Erk] vhefsh, HgT 5] 0] 1917} o
5ol thet A7t s 218 S92 & 4= Ak
A0l 71 =2 HIEH QF8/d(slope stability) Z19F THAE Al F Al Eo|™, A3, AlswA, A7t A
&]o] Qlo] s f5HA| A7} X198 F-olt. slope stability(2), rainfall(7), failure surface(28) 2 %] o] Qlo ™, H]g
SH/d 7} RIS rainfall(7)-2 7--2] Gt 1 5432, failure surface(28)+= 5] S| Fe|e 1 EAJS Uet
o}, BlEhH B2 o] 211} o] =816 Pk W HIEH SE o] TR 7t o] Fol A1l Qg2 o - T

2 84 -4 (stability analysis) T} T 7]9IE= =] 0] Qlow, 53] 2 A1 BEH 51 o5 I
A} PRS 7P B2 719 =0 s 71 =R o] R0 A Qlom, A1k, AR, Aot AAE o] Qlof 324

lo Hz

reliability analysis(20), numerical simulation(18), limit equilibrium method(8), rainfall-induced landslide(36), failure
mode(22), slip surface(19)7F 2=, P/ 4] Wi} QHFA] A3t et S5 (e mh ) (-2 o] FolA
QJtt. spatial variability(16)= QF44 A0 THAH 3714 E3E BH3) risk assessment(13)2 A B7T, reliability
analysis(20)= A1 4, numerical simulation(18)< <=*|3}1A4, limit equilibrium method(8)-= $HAI™8 5114, rainfall-
induced landslide(36)+= 73-3-= Q13+ ALAFEY, failure mode(22)+= TH-5-3, slip surface(19)= &5 S LERHCE 7} 7]
HEE2 A A NS A, B AT BT 2 e BAshL QloH, & A S 7R 719 B F/d & of
HZH 53 oS 9 243 gRisto] 7P 9 A A5 FQ 2S & 5 Aok AR AR vhA fARE SH0]
RO, 2 AT A S Foll A= 8 -GolE0] tha AdolRt 1ol §lof ol & st

AL A S (shear strength)2t A 7|$IE52 F4J%] o] St shear strength(5), rock slope(11), safety
factor(24)= o] F01 2] 3.2, rock slope(11)> FH Y] EAEH O] AT of| 71 FkS IA| vh= dnt ujgw-g, <t
] A= RE 2% &2 safety factor(24)< HERHTE.

A5 e B B S /4JHI ) K384 B (progressive failure) 2t PHAE 7] 9] =9} Z10p WA Al F=A| S0k
progressive failure(17), failure mechanism(4), numerical analysis(10), finite element method(15), failure surface(28)=
Td=le] o, AT thr o' e 7| ER IE= 2 0 & Kol B3 7Fs AT HEo] S o g ofEA X
BE 271l Hiet - D] o TR AL Qg BRI 4= AU, failure mechanism(4)2 5] et HIFHUE,

_{

numerical analysis(10)] 74 ol2igt Al $3) o2 2 BAw} phetel] SX|sl S Foll o] 2 ok wpsbA 0 2 st
7] 918 A7} AT 982 & 4 9101, fnite element method(15) HISH PR 40] A5 A7 1t 4

0,

]
(o
ok
rO
ok
I

g Ao tigt A Z1g= 7 ¢l
of Fdsto] o] Fo| 2] 1 913

Ao Bt 22 Ueh= 42 = = (hydraulic conductivity)2} ]2} A 7]91E
E2 A5 o, A3 7} A x]o] QI hydraulic conductivity(14), soil slope(23), rainfall
infiltration(27), failure probability(31)7} -2 01711 2.0 M, soil slope(23)= FE| A Lot Ato] 212 EQF H[EH
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Table 3. Domain structure by cluster analysis

Name of cluster Keyword (No.) Name of cluster Keyword (No.)
slope failure (1) slope stability (2)
failure mechanism (4) stability analysis (3)
shear strength (5) debris flow (6)
limit equilibrium method (8) rainfall (7)
rock slope (11) slope instability (9)
hydraulic conductivity (14) numerical analysis (10)
progressive failure (17) early warning (12)
numerical simulation (18) risk assessment (13)

Cluster #1 failure mode (?2) Cluster £2 ﬁnit_e elem_ent‘ @ethod (15)
(16 keywords) unsatu.rated soil (.25.). (20 keywords) spatlal variability (16)
Slope failure landslide susceptibility (26) stability analysis slip surface (19)

rainfall infiltration (27) reliability analysis (20)
kinematic analysis (30) shallow landslide (21)
mass movement (32) soil slope (23)
rock slope failure (34) safety factor (24)
pore water pressure (35) failure surface (28)

numerical modeling (29)
failure probability (31)

case study (33)
rainfall-induced landslide (36)

Al123] slope failure= B2 -S|t e 7| HES= =0 et Bl H 53 Y9 242 At failure mecha-

nism(4), rock slope(11), progressive failure(17), failure mode(22), rock slope failure(34), €91 2491 shear strength(5),
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hydraulic conductivity(14), unsaturated soil(25), landslide susceptibility(26), rainfall infiltration(27), mass movement
(32), pore water pressure(35), 155 01 limit equilibrium method(8), numerical simulation(18), kinematic analysis(30)
= x3lslt

A2 stability analysis(3)7F I 71 H =24, QP4 240 B H 719 =52 F4E o] ok P 1 &
5HS UEHY=slope stability(2), slope instability(9), rainfall(7), spatial variability(16), slip surface(19), failure surface
(28), EA2 SISH 2] numerical analysis(10), risk assessment(13), finite element method(15), reliability analysis(20),
safety factor(24), numerical modeling(29), failure probability(31), case study(33), FEl 2! 53] FF} WHAH debris
flow(6), shallow landslide(21), soil slope(23), rainfall-induced landslide(36), 7] &<l early warning(12)= Z 3}
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Fig. 5. Domain structure by multidimensional accumulation map.
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