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Analysis of Patents regarding Stabilization Technology for Steep Slope Hazards
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We analyzed patent trends regarding stabilization technology for steep slope hazards, focusing on patents applied
for and registered in Korea, the USA, Japan, and Europe. The technology was classified into four groups at the second
classification step: prediction techniques, instrumentation techniques, countermeasure/reinforcement/mitigation
techniques, and laboratory tests. A total of 2,134 patents were selected for the final effective analysis. As a result of
portfolio analysis using the correlation between the number of patents and the applicant for each patent, the Korean
and USA situations were classified as belonging to the developing period, and the Japanese and European situa-
tions were classified as belonging to the ebbing period. In particular, patent activity in Korea has been enlivened by
government-led research. As a result of technology analysis at the second classification step, prediction techniques
arising from Japan are evaluated as a competitive power technique, and laboratory tests arising from the USA are
evaluated as a competitive power technique. However, prediction techniques and laboratory tests arising from
Korea are evaluated as a blank technique. According to the prediction results regarding future research and devel-
opments, a new finite element analysis method and a numerical model should be established as part of prediction
techniques, as well as sensors, and hazard prediction should be developed by integrating information and equip-
ment using IT technology as part of instrumentation techniques. In addition, improvements to existing structures for
erosion control and the development of new slope-reinforcement methods are required as part of countermeasure/
reinforcement/mitigation techniques, and new laboratory apparatus and methods with an optimizing structure
should be developed as part of laboratory tests.

Key words : Patent analysis, Steep slope hazards, Prediction technique, Instrumentation technique, Countermea-
sures/reinforcement/mitigation technique, Laboratory test
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A3} 35, 1994; Hong, 1999). o213t 7l azgoll A
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ArtHe] BaEo] JRFE7E HAYE AL glom ool mE
sz} % sjuict 71 2vkKang et al., 2009).
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Table 1. Total analysis period and selected patents by country.

Total analysis  Selected
Data Country period patents
o Korea 1979~2009. 10 598
Publication/
registration patent Japan 1976~2009. 10 741
(based on the  Eyrope 1978~2009. 10 142
filing date)
US.A. 1976~2009. 10 653
Total - 2,134

Table 2. Classification of technology.

First Second

classification step classification step Third classification step

Statistical method

Prediction
technique Analytical method
Instrumentation ~ evelopment of sensor
Stabilization technique
technology of Arrangement method
steep slope  Countermeasure/ Structure of erosion control
hazards reinforcement/miti-

gation technique Slope reinforcement method

Unsaturated soil test

Laboratory test
Model test
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Table 3. Number of patents by country and technique.

54716 Roke 54 299 A%
s EaE
54 293 5 a0 o

A Ssigs

& A7l BRI Pty lEst ddste] AT
H =7 8 71ed 5819 Table 33 A2tk SRR 7F
(o)

EFAFE 3070, hA/mIA77 SRk s
152770, AU gRoe] B34 2012 AU
HollM Wi nle} 7o) i /mA77 &Rk E5|A
7T BF Eololl vlE] Y55 B Aoz AL

v, QR 2 {39 Axl 295 TS Aotk
5519 Ae 29 F K 1d ollde] feHE 5
A S ] =] 1A

Fla7AIES] 54374 2008 ©]%-2] dHolHe IR vF
7N dejolng 20077 W fFETIe 2 AT

o] A SUATFE 199837E 2005374 F
At F71 FAIE eI oM, 200598 AHO R o]F
tha ZHagh FAjjolt), nl=e] - EA7TE 197635
B 20053714 X479 Z7M1E Yepliglon, e

First step Second step Third step KOR USA JPN EUR Total
Statistical method 2 1 28 0 31

Prediction technique Analytical method 7 2 39 0 48

Total 9 3 67 0 79

Development of sensor 53 31 118 5 207

Instrume.ntation Arrangement method 34 2 64 0 100

technique
Total 87 33 182 5 307
Stabilization technology of Structure of erosion control 33 109 126 8 276

Countermeasure/rein-
forcement/mitigation

steep slope hazards

Slope reinforcement method 446 366 327 112 1,251

Technique Total 479 475 453 120 1,527
Unsaturated soil test 16 86 25 9 136

Laboratory test Model test 7 56 14 8 85
Total 23 142 39 17 221
Total 598 653 741 142 2,134
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Fig. 2. Result of portfolio analysis by country.
Table 4. Main applicants by country.
KOR USA JPN EUR
Applicant Number Applicant Number Applicant Number Applicant Number
(Nationality) (%) (Nationality) (%) (Nationality) (%) (Nationality) (%)
Korea 16 Societe Civile 21 Nippon Kokan 21 Hesco Bastion 6
Government (KR) (2.68%) | Des Brevets (FR) (3.22%) | Light Steel (JP) (2.83%) (GB) (4.23%)
KICT 13 Reinforced 15 Shimizu 17 Societe Civile 4
(KR) (2.17%) Earth (US) (2.30%) Jp) (2.29%) | Des Brevets (FR) (2.82%)
GMG 12 Anchor Wall 13 Nippon Steel 16 Lee Jung Su 3
(KR) (2.01%) Systems (US) (1.99%) | Metal Prod (JP) (2.16%) (KR) 2.11%)
RIST 9 Hilfiker, William 12 Fuyjita 14 Franken-Schotter 3
(KR) (1.51%) K. (US) (1.84%) dp) (1.89%) (DE) (2.11%)
KECC 9 Dykmans, Max 7 Kubota 13 Nippon Eisei 3
(KR) (1.51%) J. (US) (1.07%) p) (1.75%) Center (JP) (2.11%)
Youn, S.H. 7 Exxon Production 7 Ohbayashi 12 Officine 3
(KR) (1.17%) | Research (US)  (1.07%) p) (1.62%) | Maccaferri IT)  (2.11%)
Na, J.S. 6 Hilfiker Pipe 7 Kajima 11 Rothfuss, 3
(KR) (1.00%) us) (1.07%) Jp) (1.48%) Thomas (DE) (2.11%)
Wooil ERS 6 Nicolon 7 Kensetsu Kiso 11 Reinforced 3
(KR) (1.00%) us) (1.07%) Eng (JP) (1.48%) Earth (US) (2.11%)
University College 3
Cardift (GB) (2.11%)
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Fig. 7. Main applicants and emphasis technique of Korean patents.
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Table 5. Main topics of a patent barrier.

Table 59} Edy=

FAAAAE s ]E Hotel gk 53] HASE
A, AT A3 AHS dE(1990d) &
=(1998d) ©] oF gde] Az} flovt, =7Pd A&
2 UE(34%), T=(32%), PI=(28%)°] ¥ A tlsst
Aoz veyit), d=te] A3 EA3ke v die
Hjsl FHHoY, g2 A7 B AT 435 o]F
W Aog BAdt

FTEF 71E wobd B4 A, dEe FEARIE A
ok, wl=2 FARIE Aot 7k w7k 734
HoRl Zlog FAEoH, ge] 9 FAARIE 4
Z3 SRR AAE ot 37|E]] Z0E B4
Aok 2AAAE ERE 7l e AN Rk
AE|shA Table 63 o] UEPE 4 9l

Classification of technique

Main topics

Prediction technique

Statistical prediction through the comparison between slope information and the standard of hazard
occurrence/ Analytical method using Finite Element Model and various numerical model

Sensor development technique applied to Gyro sensors, wire sensors, optical fiber sensors and so
Instrumentation technique on/ Arrangement technique applied to an auto-calculating neural network, a wireless sensor net-
work, a wireless communication network and so on.

Countermeasure/reinforce-

ment/mitigation technique
& q wall, and so on.

Technique of the erosion control dam and structure such as slit type, buttress type and so on/ Tech-
nique of slope protection such as block for protecting surface, anchoring, soil nailing and retaining

Laboratory test

Laboratory test and method of unsaturated soils to measure SWCC, tensile stress, permeability/
Technique of model tests for simulating slope movement, landslides and so on.

Table 6. Future direction of R&D.

Classification of technique

Direction of R&D

Prediction technique

Establishment of new finite element model and numerical analysis model

New factor evaluation to predict the slope movement/ Development of Sensors to measure the

Instrumentation technique

factors/ Development of logics for the treatments of satellite coordinates, video clips/ Devel-
opment of logic to predict slope hazards through integrating information obtained from various

sensors/ Development of equipment with IT technology to merge data obtained from sensors.

Countermeasure/reinforce-

ment/mitigation technique forcing method.

Improvement of the existed structure for erosion control/ Development of a new structure for
erosion control/ Development of new block to protect the slope surface/ Differentiated slope rein-

Laboratory test

New laboratory apparatus and methods with an optimizing structures
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