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Stability assessment of highway slope based on extension set of hierarchy

WANG Daolong', XIANG Jing’, HUANG Ya'e °,ZENG Ling’
(1. CCCC Road and Bridge South China Engineering Co., Ltd., Qingyuan 528400, China; 2.Zhejiang Ocean University,
Zhoushan 316000, China;3.Changsha University of Science and Technology, Changsha 410114,China)

Abstract: In order to analyze the influencing factors for stability evaluation of highway slope,
assessing the stability grade. Based on the AHP method and extension set theory, the assessment model
of slope stability was established using extension hierarchy method. The multi-level assessment index
system was established, the weight order of assessment indices and the comprehensive correlation
degree of each level index were calculated. The construction stability of a rock cutting high slope in the
Guanglian highway subgrade was evaluated using the model. The research results show that the
comprehensive correlation degree of the slope stability is —0.447 9, —0.188 0, —0.013 1, —0.014 3,
—0.339 8, respectively. The grade characteristic value of the stability evaluation is 3.3154, and the
evaluation result is grade III to grade IV , which is consistent with result from the field survey. The
model can provide reference for stability evaluation of highway slope and construction plan.
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Fig. 1 The evaluation index system of high slope stability in roadbed construction of the Guanglian expressway
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Table 1 Pairwise comparison criteria of influencing factors
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Table 2 Table of random consistency indexes

n N F Wi

4 3 4 5 6 7 8 9

RI 0.58 089 1.12 1.24 1.32 1.41 1.45

AR A 0 W7 [ — 9 U T % 4 A A A A

AT EEMHET . R AKX (4D, 1535 W
e KAFAEAE A, 6 B 4R AE ) &2 W
DW=, W 4
Bwicl A 5 i a— L, 53
W, W EIAEAEHT AW, W
a, w;
w=|:| W=
a; Wi
Wy = n) (5)
za
HE ) 2 38 05 1) 512 T W =(p1.paspsips)" i 16
b )2 8 b 0 B 2 IR HE P W=(by,by s -0 b) R A
(6), RBABEHT W,.
W, =pw,i=1,2,3,4 6)

1.3 I soth
4545 R R R MU HE P BUE A T 4R 4R
Hig, oo, Foo. KA GEMER. &4
FRR KT IV (18 55 20 R 5% A Fig o Xk o2 458 0% 1) A v DD
i AE S, AR EEAE, #)ER

RN

R =(N,C,V,) €))
A N YRE YEVEAL 5 (=12, .5 % C,
N i=1,2, 10) V-l bR V=[a,.b, ] 8 N KT
PPAL R AR 1 U G

HATR, € S

R,=(P,C,V,) »
e PONIT I I e T v 1 M AR T MR VR A 4
G4 v, = a,.b, | IVEMRTE R C T B
{IEREAGE R

3) iff R SR IR R AN v B R IR

W, NI AR E ST CRISEIE, v,=[a,.b,],
v,=la,.b,], KIEATHEF “FE” OE X, 153
ARG TE MO T 28 M RN T I R

a,+ bl.. bl.v -a,
p(vik’vif): Vie = 12 ol /2 :

a, + b/ bi - a,
p(ka’Vip): Vie — p2 =l - p2 : aom

IR TG RBIE (v RFIK
BRERHON

v v”),v-k eV,
‘a,.j— i
kj(ka) = (1D
p(Vik’ V[i) N~
p(vik’ Vip)_p(vik’ sz/)’ ' i
4) T E L IR E MRS R 1 55 2

LR R EVK(N) AR bR )2 SR BEFE K(N,) ) T
CSWoF
K (N)=(w;s wps =+ wy,)
ki(vi) ky(vi) k(viy) ki(vi) ks(viy)
ki(vi) ka(va) ki(vi) ky(vi) ks(vy)

ki(vi) ky(vi) ky(vi) ko(vi) ks(vy)
i:172y374 (12)



16 x @ # ¥ 5 1 £ % 38 %
K(N) = i W K(N) e A IO WA RTEN 2 B U S < & B N g =
= (13) hEAEMERER, TS ERRAMLE, FE

=[K1(N),K2(N),K3(N),
K,(N) K:(N)]
e W A — G A —#E D 2 R B 5 FR PR AL
W, oA — Ak Ja BIAE I = & B AR B E .

HHAH LA RIKE KNV &5, # K~max
(KD, t=1,2,---,5, WO 58 1 P20 3 e T IR 1) 45
Gl

5) € P A R AL E

B K,—min { K,}

" max {K,} - min {K,} (4

(15

A SN RFEN T JE S ) A B R AR -
2 SEHIIGUE

21 TR
DL 3 3 T 1% K80+960~K81+040 A5 ] 44 i

X HBAT C BN AL TR, P E AR WK S, ¥
5E T F AR B A 5 R R R KSR S R = Ak,
HEE (0~02). FEARTE (02~04). REaE
(0.4~0.6) . K Faw 0.6—0.8) ik A~ & &
(0.8~1.0), HFESHA, SHE C=0.50. C=0.55,
2.3 HWELHAE, T

RIEAK (6) ~ (8), HLASLE| A il %
K & 1) 2 3k P~Ps. 1538 R, F1 AT #1 9) JG R,
WK 6.
24 WNERXKEUE

RIFEARX @ ~ (5, WHHAHSEEMN
#H, WET. BEAX 0 ~ D, HHEH
FHRPRRIAE, WERS. WA (12) ~ (13),
13 B B AR S RO E R ZE A ORI, WK 9.

R3  BEFRE AR BRI HER

Table 3 Slope grade status and control measures
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Table 4 Evaluation range and measured value of index factors
BI B2 B3 B4
FasE R
C/m G,/ C/% C,/) C/% C/mm C.1% C, C, C,/%
Fa € 3~10 10~20 0~5 35~45 0.1 0~600 0~5 % 0~2 35~45
BN 10~25  20~30 5~15  24~35 0.3 600~900 5~15 Bk 2~4 25~35
RFasE 25~45  30~40 15~25  13~24 0.5 900~1200  15~30 — % 4~6 15~25
AaE 45~60 40~50 23~35 2~13 0.7 1200~1500  30~45 R 6~8 5~15
WA E 60~90 50~90 35~45 0~2 0.9 1500~2000  45~55 P 8~10 0~5
SEAE 48.9 25.0 13.0 22.0 0.5 1906.2 27.0 — & 4.1 30.0
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Table 5 Evaluation grade range and measured value of index factors after dimensionless
B, B, B, B,
C,/m c,/ Cy/% c,/° C/% C/mm C.1% Cy/m C, C, /%
FasE 3~10  10~20 0~5 35~45 0~0.2 0~600 0~5 0~0.2 0~2 35~45
HARE  10~25  20~30 5~15  24~35  02~04 600~900 5~15  02~04 2~4 25~35
REasE 25~45  30~40 15~25  13~24  04~06 900~1 200 15~30  0.4~0.6 4~6 15~25
Ny 45~60  40~50 23~35 2~13  0.6~0.8 1200~1500  30~45  0.6~0.8 6~8 5~15
WARE  60~90  50~90 35~45 0~2  0.8~1 1500~2000  45~55  0.8~1.0 8~10 0~5
SLIE 48.90 25.00 13.00 22.00 0.50 1906.20 27.00 0.55 4.10 30.00
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Table 6 Table of classical domain, node domain and extension matter-element of factors
C,/m c,/ Cy/% c,/ C/% C,/mm C./% Cy/m C, C,/%
P, (3,10 (10,20) (0,5) (35.,45) (0,0.2) (0,600) (0,5) (0,0.2) (0,2) (35.45)
P, (10,25) (10,25) (10,25) (10,25) (10,25) (10,25) (10,25) (10,25) (10,25) (10,25)
P, (25,45) (45,60) (60,90) (25,45) (45,60) (60,0 (25,45) (45,60) (60,90) (25,45)
P, (30,40) (40,50) (50,90) (30,40) (40,50) (50,90) (30,40) (40,50) (50,90) (30,40)
P, (15,25) (23,35) (35.45) (15,25) (23,35) (35,45) (15,25) (23,35) (35.,45) (15,25)
R, (3,9 (10,90) (0,45) (0,45) 0,1 (0,2 000) (0,55) (0,1) (0,10) (0,45)
R, 48.90 25.00 13.00 22.00 0.50 1906.20 27.00 0.55 4.10 30.00
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Table 7 Weight of indices Table 8 Stability correlation degree of indicators in the
. ) . indicator layer
Hbr 2 i) BE W, Eiatuy = &N
feirz R EARe KBe MM iR
C, 0.8750
B, 02169 C, —0483 —03677 —0.0867 02600 —02126
C, 0.1250
C, —02500 05000 —02500 —0.5000 —0.6250
C, 0.258 3
TS C, —03810 02000 —0.1333 —0.4800 —0.6286
B, 0.623 7 C, 0.104 7
Jiti T C, —05000 —0.1333  0.1818 —04091 —0.606 I
e C 0.6370
fil ’ C, —03750 —0.1667 05000 —0.1667 —0.3750
it c, 0.1250
- C, —09330 —09147 —08124 —08124 0.1876
PEA B, 01035 ¢ 0-1250 C, —04490 —0.3077 02000 —0.1000 —0.4000
Cs 0.7500 C, —04375 —02500 02500 —0.1000 —0.3571
G 0.1429 C, —03387 —0.0238 00500 —03167 —0.4875
B, 0.0559
C 0.857 1 C —0.5000 05000 —0.5000 —0.7500 —0.8333
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Table 9 Correlation degree and comprehensive correlation

degree of indices
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