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Assessment of rockfall susceptibility along the expressway based on the
CF-AHP coupling model: A case study of the Tucheng-Wanglong
section of the Rongzun expressway

CHEN Jianguo, ZHONG Lianxiang
(Engineering Geology Brigade of Jiangxi Geological Bureau, Nanchang, Jiangxi 330029, China)

Abstract: Frequent geological hazards have occurred along the Rongzun Expressway (Tucheng - Wanglong section, posing a
threat to the safety of the highway and even human life and property. This study investigated the causes of rockfall along the
expressway and identified nine influencing factors, including terrain fluctuation, elevation, normalized difference vegetation
index (NDVI), slope direction, lithology, distance from the road, distance from the river, slope, and rainfall. The certainty factor
model (CF), analytic hierarchy process (AHP), and coupling model (CF-AHP) were used to evaluate the susceptibility of

geological hazard in the study area, and the accuracy of the three models was tested using the distribution of rockfalls at various
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levels and the success rate curve. The results indicated that the AUC evaluation accuracy of CF, AHP and CF-AHP was 0.848,

0.835 and 0.866, respectively. The frequency ratios of high and moderate prone areas of geohazards obtained by the three

evaluation models accounted for more than 70% of the total frequency ratios. The accuracy of the three models in descending

order is CF-AHP, CF, AHP models, respectively. This indicates that the CF-AHP model is better than the single CF and AHP

models in geohazard prediction and can accurately evaluate the geohazard susceptibility of expressway. It provides a decision-

making basis for disaster prevention and mitigation of regional rockfall disaster along the highway.

Keywords: rockfall geological hazard; expressway; susceptibility evaluation; the CF-AHP model
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Fig. 1 Distribution map of rockfall geological hazards along Rongzun expressway
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Table 2 Classification of evaluation factors and CF values of each grade

it T i A/km? KE FEUA FURBE/(Akm?) CF{4
222 ~325 7.277 0 0 -1
>325 ~ 407 4.458 6 1.345 986 0.297 557
Fif/m >407 ~ 488 4.587 10 2.179 932 0.566 281
>488 ~ 581 3.609 4 1.108 34 0.146 942
>581 ~ 790 1.451 0 0 -1
0~10 2.962 0 0 -1
>10~20 4.497 0 0 -1
WeRE/(°) >20 ~ 30 6.335 3 0.473 552 —0.499 14
>30 ~ 40 4.993 11 2.202 996 0.570 822
>40 2.595 6 2.312 406 0.591 128
152 ~ 285 1.067 0 0 -1
286 ~ 362 6.290 2 0.317 96 -0.663 71
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440 ~ 526 5431 15 2.762 126 0.657 699
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B[4 2.435 3 1.231 831 0.232 46
pirel 6.026 10 1.659 613 0.430 302
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0~50 2.858 6 2.099 076 0.549 574
>50 ~ 100 2.863 5 1.746 481 0.458 638
B B /. >100 ~ 150 2.856 4 1.400 707 0.324 999
>150 ~ 200 2.806 3 1.069 061 0.115 599
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0~100 5.868 0 0 -1
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400 ~ 500 2.713 1 0.368 65 —0.610 09
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0~ 800 5.108 4 1.379 483 —0.171 68
[ R Ht/mm >800 ~ 900 8.063 5 0.620 109 —0.344 13

>900 ~ 1 000 7.974 11 0.783 162 0.314 614
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Table 3 Judgment matrix for intermediate layer (B)
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Fig.3 Schematic diagram of AHP hierarchy model for rockfall along j{] 75%; IEEPE]Z{E 25%; AHP *ﬁiﬂﬂiﬂai&ﬁk%““ﬁ
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Table 4 Judgment matrix for indicator layer (B1)

HAREEBI RFEC1 YepEC2 Yimc3 MR C4 HRAEPECS IH—fEAHHEHE %L Co A
wmECl 1 0.3333 3 0.3333 0.25 3 0.1017
WEC2 3 1 5 0.5 03333 3 0.1815
e C3 03333 0.2 1 0.2 0.2 2 0.054 3

IR B C4 3 2 5 1 0.5 4 0.247
HZ A HCs 4 3 5 2 1 5 0.367 3
NDVI C6 0.3333 03333 0.5 0.25 0.2 1 0.048 2
%5 5HEB) MG K H] CF-AHP RIS 0L T 5—H84 CF A1l AHP.
Table 5 Judgment matrix for indicator layer (B2) 5.2 ROC <ot
AEFZB WO BECs MG WE ROC 1%k (receiver operation characteristics curve)
T ECT 1 3 1 0428 6 FHG M, W TR E 5 KRS e, DA
PEVTIRAERSCS 03333 1 03333 0.1429 UE S H A AR R, X A ERE 4 LR Ak
BB CO 3 ! 04286 b, H R Z T T R AUC e i 2 452 750 T 00 Ay of aff 7

x6 BRATHNE

Table 6 Influence weight of each factor

SIS HEAEMCS WIERIRECE  WEC2 FEriRCT  PEERIEES C9 FFECL Yemc3 NDvice  MERTMEEIC8

I 02755 0.1852 0.136 1 0.107 1 0.107 1 0.076 3 0.040 7 0.036 1 0.0357
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Table 7 Summary table of geohazard susceptibility for three models

- CF AHP CF-AHP
HiHR& % HorH/% HiHR& % HorH/% HiA% & H /%

el 2 KX 4482 19.427 8 4156 18.014 7 4826 20.918 9
&5 K IX 6934 30.056 4 7105 30.797 6 8028 34.798 4
o R IX 8 409 36.449 9 7853 34.039 9 7029 30.468 1

o EIX 3245 14.065 9 3956 17.147 8 3187 13.8145
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Fig. 4 Results of rockfall geohazard susceptibility
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Table 8 Verification of geohazards susceptibility
assessment results

KE %
5 RV
CF AHP CF-AHP
ARG K IX. 0 0
&5 K IX. 0
ha RIX 25 25 15
g KX 75 70 85

AUC (B8R, & WA R FO P e 40, ani&l 5 BPw,
CF 57 . AHP £ % fl CF-AHP #5119 AUC {843 5 Ky
0.848, 0.835, 0.866, 3 i f5 71 fy AUC A ¥ K F 0.8,
59 R A 10 M P 12 o TR Y R B B Rk 3 R AR
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CF-AHP #5151 i T 5 22 5 T 435l >R CF. AHP FL Y )
gERL,
53 AHESHT

X+ AHP Jr ok it W R R R FLREN,
S PP R D5, T REAEAEAR KB . DR, 2R
AU IR — 2856 1 A, ARMEA 145 P 2 19 32 b
U, ANBEAT ST PR IE il X T CF BLA, 15

1.0
0.8
=
K06
iz
=S
Bk
i
H10.4
S
02+ e .
CFEE, AUC=0.848
— AHPHH, AUC=0.835
— CF-AHPH#, 4UC=0.866
1 1 1 1

0 0.2 0.4 0.6 0.8 1.0
DS IEAEN A E R

5 ROC HiZE

Fig. 5 The receiver operation characteristics (ROC) curve gragh
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(1) ARl 75 308 o o I (30 B B ) B v X
& BAE R HE =1 000 mm {4 L IX, BE A9 400 m 1 [l
P, B B B 200 m 1Y XI5 — A w48 £10>0.24,
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