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Optimization of landslide control scheme based on improved
scatter-degree approach

LEI Xiaofeng ,YANG Shaowen ,WANG Lei
(Xi'an Highway Institute, Xi'an 710065, China)

Abstract; Landslide is a common geological hazard in engineering construction. Safe and economical treatment
schemes can lower the occurrence probability of landslides and reduce the impact on engineering construction. How
to rank the schemes from the perspective of system engineering is a research hotspot in recent years. Taking the
landslide control project in Yan'an as an example, on the basis of four landslide control schemes proposed in the
preliminary design stage and in combination with the experience of similar projects, an optimized hierarchical model
for landslide schemes is constructed. The subjective weight coefficients of each evaluation index are obtained with
eigenvalue method, and the evaluation indexes are “weighted”. The weighted data are empowered objectively with
scatter-degree approach to highlight the overall differences among the evaluation objects. Finally, the weighted
aggregate model is adopted to evaluate the landslide control schemes comprehensively and determine the optimal
scheme. At the same time, the concept of risk attitude factor is introduced to analyze the impact of different risk
attitude factors on the scheme sequencing and to research the sensitivity of the sequencing results to risk attitude
factors in landslide control schemes. Results show that when the risk attitude factorise& [ —0.5,—0. 2], decision
makers tend to accept the risks, and the comprehensive attribute utility value of scheme 4 is significantly higher
than that of the other three schemes, and scheme 4 is an optimal scheme. When the risk attitude factor is e€& [ —
0.1, 0.5], decision makers tend to avoid risks. Scheme 1 with the biggest comprehensive attribute utility value
should be the optimal scheme. Generally, in engineering management, decision makers are to avoid the risk, so
scheme 1 is recommended as the preferred scheme for the landslide control. This method compensates for the
shortcomings in independent use of subjective or objective weighting method, makes the evaluation results more
accurate, and provides an effective thought and reference for optimal design of such schemes.
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Fig. 1 Landslide panoramic satellite striograph
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Fig. 2 Evaluation model of landslide control scheme
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Tab.1 Fuzzy language normalization table

/1 R 5 — A AR 5
1 I [0.75, 1.00]
1l L3 /as [0.5, 0.75]
Il — [0.25, 0.5]
I\ L3 [0.00, 0.25]
V # [0.00, 0.00]
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Tab. 2 Decision matrix value of different attributes
kS U1l U12 U21 U22 U23 U3l U32 U33 U41 U42
. [6 700, [110, [1.50, [0. 20, [0. 90, [o. 10, [0. 85, [o. 10, [o.11, [0. 06,
7 000] 120] 2.10] 0.25] 0.95] 0.20] 0.90] 0.20] 0.21] 0.16]
) [5 900, [105, [1.20, [0.23, [0. 85, [o.12, [0. 80, [0.13, [o. 10, [o. 10,
6 200] 115] 1.80] 0. 28] 0.90] 0.22] 0.85] 0. 23] 0.20] 0. 20]
; [6 000, [110, [1.30, [0.24, [0. 86, [0.14, [0.79, [0.14, [0.12, [0.13,
6 300] 120] 1.90] 0.29] 0.91] 0.24] 0.84] 0.24] 0.22] 0. 23]
[5 700, [100, [1.00, [0.18, [0. 86, [0.15, [0.75, [0.15, [0.15, (0. 14,
6 000] 110] 1.60] 0.23] 0.92] 0.25] 0.80] 0.25] 0.25] 0. 24]
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Tab.3 Normalized decision matrix of attributes
% Ul U12 U21 U22 U23 U3l U32 U33 U41 U42
. [0.216 2, [0.2210, [0.1457, [0.2098, [0.244 6, [0.1556, [0.250 7, [0.158 7, [0.1397, [0.1506,
0.237 1] 0.2639] 0.3054] 0.3254] 0.2738] 0.5646] 0.2821] 0.5710] 0.496 6] 0.843 3]
) [0.244 1, [0.2306, [0.1699, [0.187 3, [0.2310, [0.1414, [0.2360, [0.1380, [0.1467, [0.1205,
0.269 2] 0.2764] 0.3817] 0.2829] 0.2594] 0.4705] 0.2665] 0.4392] 0.546 2] 0.506 0]
\ [0.240 2, [0.2210, [0.1610, [0.1808, [0.2337, [0.1296, [0.2330, [0.1323, [0.1333, [0.104 8,
0.264 7] 0.2739] 0.3524] 0.2711] 0.2622] 0.4033] 0.2633] 0.407 8] 0455 2]  0.389 2]
\ [0.252 2, [0.2411, [0.1912, [0.2280, [0.2337, [0.1244, [0.2212, [0.127 0, [0.117 3, [0.100 4,
0.2775] 0.2902] 0.4581] 0.3615] 0.2651] 0.3764] 0.2508] 0.3806] 0.3642] 0.361 4]
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Tab.5 The value of the random index RI

®7 HEWE UHERE ULy HI
Tab.7 Judgment matrix of criterion level Ul-Index level Ulj

Ul Ull U1z 3
Ul1 1 3 0. 586
Ul2 1/3 1 0.414

— R Anx—2 CR=0<0.1

x8 HENE U2-#5#RE U2; HI T 4E
Tab. 8 Judgment matrix of criterion level U2-Index level U2j

U2 Uzl u22 uzs3 w

Uzl 1 1/2 3 0.333
u22 2 1 4 0. 506
U23 1/3 1/4 1 0.162

—E RIS . A =3.094 CR=0.091<C0.1
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Tab. 9 Judgment matrix of criterion level U3-Index level U3j

n 1 2 3 1 5 6
RI 0 0 0.58 0.9 1.12 1. 24
n 7 8 9 10 11 12

RI 1.32  1.41 1.45  1.49 1. 51 1. 54

F6 BIRE U-HENE Ui # B 46 B
Tab. 6 Judgment matrix of target level U-Criterion level Ui

U Ul U2 U3 U4 w

Ul 1 1/3 1/5 1 0.104
U2 3 1 1 4 0. 354
U3 5 1 1 5 0.432
U4 1 1/4 1/5 1 0.110

U3 U3l U3z Us3 w

U3l 1 3 1 0. 403
U3z 1/3 1 1/4 0. 164
U3s3 1 4 1 0.433

—FERLY : Awn=23.07 CR=0.077<0.1

F 10 AENE U4HEHRE U4j FIBR 28 M
Tab. 10 Judgment matrix of criterion level U4-Index level U4;j

U4 U41 U42 w
U41 1 3 0. 586
U4z 1/3 1 0.414

— PRI A =4.050 CR=0.018<C0.1

— R . Aww—=2 CR=0<C0.1
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Tab. 11 Relative weight assignment of index level

i i ) 2 AL M Z PR JZ A E HHXF B bR EAE
Ul ULl @A 0.568 0. 061
SN LN i U12 # #% 0.414 0.043
U21 TR #EMN 0.333 0.179
?ﬁzﬂgj‘éﬁ 0.354 U22 jifi T8 AR M 0. 506 0.118
U23 B 0.162 0.057
U31 i T 5% B 55 04 5 Wiy 0. 403 0.174
%ﬁ;jﬁgﬁ 0.432 U32 244 5 2155 1) B 8 1 0. 164 0.071
U33 jiti .77 HE A 7K (0 ol BE 1 0.433 0.187
U4 o 11 U4 1 jite ARl 22 4 1k 5 1 i XU 0. 568 0. 064

JRUBS: $8 bR U42 3 AR J57 Znl 474 515k i XU 0.414 0. 046
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o A I T A 0, WAL (15)
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Tab. 12 Decision matrix included into risk attitude factor
e Ull ul2 U2l u22 u23 U3l us2 Us33 U41 U42
| 0.226 6+ 0.242 4+ 0.2255+ 0.267 6+ 0.259 2+ 0.360 1+ 0.266 4+ 0.364 8+ 0.318 1+ 0.496 9+
0.020 9¢  0.042 9¢  0.159 7¢  0.115 6e 0.029 2¢ 0.409 0e 0.031 4e 0.412 2¢ 0. 356 9¢ 0.692 7¢
) 0.255 6+ 0.253 5+ 0.2758+ 0.2351+ 0.2452+ 0.306 0+ 0.251 2+ 0.288 6+ 0.346 4+ 0.313 2+
0.025 2¢ 0.045 8¢ 0.211 8¢ 0.095 6e 0.028 4¢  0.329 1e 0.030 5¢ 0.301 2¢ 0.399 6¢ 0. 385 5¢
s 0.252 5+ 0.242 4+ 0.256 7+ 0.226 0+ 0.248 0+ 0.266 5+ 0.248 2+ 0.270 0+ 0.294 3+ 0.247 0+
0.024 6e  0.042 9¢  0.191 4e 0.090 3¢ 0.028 6 0.273 6 0.030 3¢ 0.275 6 0.321 9¢ 0. 284 4e
0.265 4+ 0.2657+ 0.324 6+ 0.294 8+ 0.249 4+ 0.250 4+ 0.236 0+ 0.253 8+ 0.240 7+ 0.230 9+
0.026 5¢ 0.049 1e 0.266 9¢ 0.133 5¢ 0.031 4e  0.251 9¢ 0.029 5¢ 0.253 7¢ 0. 246 8¢ 0.261 Oe
5.2 R HIBERRRK Ay =Us W,
Be = 0, LIRS A 7 B % 500 o SR PEAT A 4] a; = wwy i =1,2,,m;j = 1,2, ,n
AT T B thik. FrLL, A0 =
(DB HIL 5K, e = 0, £ 12 W13 H ik 0.0138 0.0104 0.0404 0.0316 0.0148
RHFE U 0.0157 0.0109 0.0494 0.0277 0.014 0
U= = 0.0154 0.0104 0.0459 0.0267 0.014 1
0.226 6 0.2424 0.2255 0.2676 0.259 2 0.016 2 0.0144 0.0581 0.0348 0.014 2
0.2556 0.2535 0.2758 0.2351 0.245 2 0.0627 0.0189 0.0682 0.0204 0.0229
0.2525 0.2424 0.2567 0.2260 0.2480 0.0532 0.0178 0.0540 0.0222 0.014 4
0.2654 0.2657 0.3246 0.2948 0.249 4 0.0464 0.0176 0.0505 0.0188 0.014 4
0.3601 0.2664 0.3648 0.3181 0.4969 0.0436 0.0168 0.0475 0.0154 0.010 6
0.306 0 0.2512 0.2886 0.3464 0.3132 3 S, A0 =
0.2665 0.2482 0.2700 0.294 3 0.247 0 0.0492 0.037 1 0.1436 0.1123 0.052 6
0.2504 0.2360 0.2538 0.2407 0.2309 0.0561 0.0390 0.176 8 0.099 3 0.050 0
(2) 3 THRAE AR 1% 0 4% J 1 He 0 R P 4% F8 PR A 0.0599 0.0405 0.1786 0.1037 0.054 9
HitELRWT. 0.0603 0.0425 0.2164 0.1295 0.052 9
w = Lauvn v ,wu, 0u ,ous 0.2229 0.0673 0.2427 0.0724 0.081 3
WUsL U325 WU33 WU > @UL2 ) 0.190 6 0.0639 0.1933 0.0794 0.051 6
= [0.061,0.043,0.179,0.118,0. 057, 0.1802 0.0685 0.1963 0.0732 0.044 2
0.174,0.071,0.187,0. 064 ,0. 046 ] 0.1623 0.0624 0.176 7 0.057 4 0.039 6
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0.042 0.015 0.045 0.016 0.012] SR ) IR 785 B N 42 2 XU 284 8] % Ay 0 3 L
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0.133 0.047 0.142 0.050 0.037 AR,
0.084 0.029 0.090 0.031 0.024 YR SER e € [—0.5,—0.2] I, Pk
0.040 0.014 0.043 0.015 0.011 B e A KRS, J7 S0 ) 2 e 1 e
0.145 0.050 0.155 0.054 0.042 EETHM=AFR, RN AE TR XK
0.050 0.017 0.053 0.019 0.014 BERTAE—0.5—>0. 4 ZEIBF, v, > v, , REEZS
0.155 0.053 0.166 0.057 0.045 BER FAE—0. 3—>0. 2 Z[a) i}, v, > v,, BB 7% 3
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