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Risk Assessment Model of Highway Tunnel Collapse Based on

Rough Set-grid Search-support Vector Classification

WU Bo', ZENG Jia-jia’*, CAI Qi', ZHU Ruo-nan’, LIU Cong'
(1. School of Civil and Architecture Engineering, East China University of Technology, Nanchang 330000, China;
2. School of Water Resources and Environment Engineering, East China University of Technology, Nanchang 330000, China)

[ Abstract] In order to reasonably and efficiently carry out the risk assessment of road tunnel construction collapse, the risk assessment
model of road tunnel construction collapse was studied by rough set (RS), grid search method (GS) and support vector classification
(SVC). Firstly, the index system of highway tunnel construction collapse risk evaluation was constructed by integrating advanced geolog-
ical prediction. At the same time, the information of 100 tunnel collapse cases was collected and the index data was discretized. Second-
ly, attribute reduction was conducted based on the condition information entropy of rough set to obtain the reduced core index set. Then,
grid search method was used to find the optimal parameters of the support vector classification training set, the risk assessment model of
highway tunnel construction collapse based on rough set-grid search-support vector classification (RS-GS-SVC) was established. Finally,
the model was used to predict the test samples. The results show that under the condition of the same learning sample, compared with
rough set-genetic algorithm-support vector classification ( RS-GA-SVC) model and Rough set-particle swarm optimization-support vector
classification (RS-PSO-SVC) model, RS-GS-SVC model has higher classification accuracy; Under the same proportion of training set and
test set, the prediction accuracy of RS-GS-SVC model is higher than that of GS-SVC model, with the accuracy rates of 93. 33% and 90%
respectively, and the operation time of RS-GS-SVC model is shorter. It can clearly be seen that the model complexity is effectively re-
duced and the classification accuracy is improved through the reduction of rough set conditional information entropy attributes.

[ Keywords ] highway tunnel collapse; support vector classification; rough set; grid search method; risk assessment
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Fig. 1 Flow chart of the attribute reduction algorithm

1.2 ZHEEN

2R AL (support vector machines, SVM ) & 4¢
TS K JR T S (1 DA W B 2 3 7 B R4 7 43
ZEMENE AT AL 2= 2 ik . Bl T/ IMEAR R
etk Km Ao 0 BARUE FR— N
BV, NI R 7 2B Bz AL A BREE T, AHIFSRY
S I S AL FH T2 B B it T 3P XU S5 9 5
28, LIS B 32 R ) a2 AL AT DA BT B by SR ) & 43 28

(support vector classification,SVC)

UK =73 28 i, i%‘mijﬂlﬁﬁj{%

mr,

A EE AR (%, ,i=1,2,,m,y, €
L1k e R m R RN 0 47 0
SRREA JE M R IR AR, SR o et T A, T
FH— M TR P2 s 56 4200 7, B

wx +b =0 (4)
K(4) How R n GE RS AR 7] i, B 8 S T
(71015 b AN B T, ke s Y- T 5 A 2 [ ) B
B, BB T Rl )RR AT ) R S T A B S Ak
BB, B2 8] B fe Ak, I s 4 48 S 1T A B AR R

P
AR T AT 36 5 SR A R 2 G A ) R R
5, B
. 1 2 1
ming(w) = 5w l” = 3 0m)
y(w-x, +b) = i=12,.m

L5 A Lagrange PREL, f 2 0] LIS B fe fL
RRUESERPIESE &)

Jx) = sen | B (x) + 8] (6)

H(6) H o AP H I+,

MEHREE AN S, Tek BRI A R AR
AR R RS y (w - x, +b) =1, ML, Y
WG AR SR 5 ¢, [RHPE B A5 o g b 51
TEST 2R EY o, OIS Y S5 U0 HE P T AT 8 2 40 R ogr iy B
i BREICK A, B

ming(w.0) = 3(ww) +e(2L) (D)

K (7) ¢, =0, FET R ¢ BB E IR
FEARRZMER & ¢ iR, WHES S8 it
2] seun Haz Ak

X AR m&%ﬁ}% Al LLAE i 5 A R AL,
Ji 1 25 [) PR A A Bl S5 28] R A vy 4 2 i) Sl £k ()

R 2 o % s 2 20 LB, 11149
BACY
S = s [ Y ayKxo) 4 (8)

K (8) H:K(x;,x) A REL, AW R 4 R 73 26
PRI JZ AL RE J105R AY Sigmoid A% %L Hi A
AR K(x, ,X;) =tanh[ g(x.x;) +c],} Hre gl
AT 2

TER S 4 ) 1 ML A e PR A A B 40 4R i 47
PRI, (e, g) F 5 M0 S ) 1 BL 20 28 2 1 BE 1Y R
MRS, Y8 B o S 4 0 HE R P A i AL RE
A 5T R FH A 48 2R 15 (grid search, GS) F- R
(e, g) S5, HIERFHE LA ROSEE—

ML . www. stae. com. cn



B e & 5 T R

1248 Science Technology and Engineering 2025,25(3)
SE B PN 30 4 T A O 3t 7 A P8 Pl A B AT BPHR KU I R b ik & | I HEAT XU 98 4R 25 2 1 40

{7 XU B 15 AL R 36 S 7
B 4L SR 1B P X 00 90 e 2 Bk
JEEAS S K R I 25 0 2 AL F o R 1 5 £ 5
$, ATICRI S Pi3e LR FHR R S8 (e,
o) M [2* 2°]

2 FEIXRRITEMIEIRIE R

G, XA PR BT, S
F (AR BETHLEY (JTG D70—2004 ) '8 X 1}
B4 5 KON 6 % i T3 3 XU 43 Sk DU A 4
e, 1 Fw . FR KU PPN T 5 20 52 i % 1
o 0 KUBS: B2 B 4T BRI, A D5 T SOk

3o ANBIRSTE 4 I3 R AR A5 B R T £ 45 T
JR TR A 2R, B4 4 L A0 ) 3t 7R 0 S A 12 A
PRI B B A vk, TEZS B SCHR[ 2124 ] A K
B 200 Y R At L, AS B 5 38 o B S R R EE U
FHABARE 25 2 B0 5 3t 752 I8 B S 0 A I 4 2R 1) 3 26
SRS PRIBOH B R I8 0L RN R R PR A
RGN IR BE T8 5 1 1 AT 5 ML B DL, R R
IR KU R bR i R a6 2 Fis . ARSI b 7%
IS S R o B R vk BRI 45 R 3 G, AT e A
R SO, 5 T S AR S

®1 PRERMDE

Table 1 Collapse grade classification table

+ /A N ) 04 ot
[19-20] B e B Le80, Shpr A5 T TRIIRINE . a1 Comm) 1 (A9 WCHoiE) N O0m)
PYE TR 2R i T4 B R 2R = KBS it T 318 X PHEEE/m — <3 [3,6] >6
BRI 28 JEmi T AR A T TR, A A I B S it T YHS B/ m? — <30 [30,100]  >100
*x2 REERSHRYSR
Table 2 Classification table of risk indicators
_ bR
1=}
AR T T m T
¢, 59 ([ BO] (1) I i W VoM
>450 (350,450 (250,350 <250
TR Cy &/ (°) <10 [10,25) [25,40) =40
K% B, C, Wi 2 WEREA /m FERE <2 2< P <5 5<TEIE <10 FERE=10
AEUK U E S PR SR
CAR BB ——
ARIR (75,1007 (50,757 (25,501 FEEEKI0,25]
CsTHZE I /m <7 [7,10) [10,14) =14
] CoR L (Hy/H) >20 (15,20] (10,15] <10
Iﬂ; B C, 27k 22 S R SRR IS LW
T Co M T ZE AR PE/ % >90 (75,90] (60,75] <60
Co WIS AP W >2 (1,2] (0.5,1] <0.5
D E N D N D SN D
Coo IS R R 1% paing A st AR Ko Bt AEH A St
(75,1007 (50,757 (25,501 [0,25]
. KT T A . , .
Cy M JZ in & e it SRR AR/ AR -
1 in - B S A EBH N E S TR S
PN N VLS WL
Clzlgjiﬁhk%}iﬁ/% &3 %Zgnfﬂ Tl:uiﬁ JEHAEH
(75,1007 (50,757 (25,501 [0,25]
A N S A
CDJ%W})EZ?J/% HIE %ﬂ:nii Tnfﬂ E'E%Tn}i
(75,1007 (50,757 (25,507 [0,25]
_— C o WP RIIARA/ (W-d 1) =4 3 2 <l
}J[i];éf Cs IR HD/ % >90 (75,901 (60,751 <60
o o AESUMEREE L o MRS o/ MR o BRI
R a, <0.06; a, <0.06; 0.06 <a, <0.08; a, <0.08;
SR iRS
s, <0.2 0.2<s,<0.6 0.2<s,<0.6 sy >0.6
i TR, TR, 5
sic EFEE e, LN R T s I
U T RINRBE ORI DUVRRE P B A o
MRS AMBOB R R T R I Y BT
s PR K CWBLR B E  OK CERBREESIR e e
Bk MBI AR — B AR e W I 5, —
B e LR BAEME A MRS, BAN B
e I} ¢ BUAR 450 2%, — B B o

TE " FORANESE BRI S W BE A AR 9, B BESE G T SEPRAY S SR SRS S B LB, [ BQ I IRBEIE LA BT 185 , v N A5
WL, a, IR LE s, AR BLEE

ML . www. stae. com. cn



2025,25(3)

SR, A L TR HE - RS 2R - S 1 e 14 2 B R 1 B DXL S Al A 2 1249

3 EWBESSRE

LT RS-GS-SVC /A [H bk 18 it T34 35 XUBG: PF- Ay
RERUAR AR AN & 2 Fs , BAL IR INR

(1) BEBUHIC M, WA BIME B, I AT Bk
fRALBE P PRGBS,

(2) R HLRE S 45 1A B X o) f bl 3R e 47
JEPELI T, BIBRTUA TR b , A BRI €

(3) XF J@ M 24 18 5 ) 48 B B0 15 47 13 —fk Ab
AR K

X.* - Xi _Xmin (9)

' Xmax - Xmin
() X HX, " R | A REAE S B T R
FIIE— A X X, 5 R A A e A A B KAl
Fde/IME.,

(4)FIH GS %34k SVC i E % (c,g),
g A T R R A 2 6 R T it T B3 XU DA A4 ARG
A ] LR

(5) ¥ HE 7 19 RS-GS-SVC A1 7 T 1] 2k B
A SEBRN [ R T3P AU S R
3.1 BUERE

SN R EE N 100 SRR T BL 5 B
SREFAHSESCHR 25 ] Fh R IESHE AR I A FF
T VA BAEE Frg i 0t H oh et T8, AR =
THTE AR (R 2 [ B A Wy S5 A 9], o B i T B £ 6
A TREFRFS A, IF0 2 45 DN B R S 4, W 3 o,
ZREIEE T BT 2 i R rh R A 1 PHR IR L,
65 m’ MRHEZR 1, ZB Y BR RS S HON T, FEHEF 5L
PEALERA A B, B 70 AR it T BEBRAE A ) kR
A% ,30 AREIEiE T B E AR I REAR

Ik ke
e
N e ﬁg %
%ﬁ ﬁ% R ﬁf i
> > > Yol 3 > Tl
e ot izl 1% | o
- #fh e

IR A

2 LT RS-GS-SVC 2 it BRE i T3 ARG DFAl A AU O 72 Pl
Fig. 2 Flow chart of tunnel construction collapse risk assessment model based on RS-GS-SVC highway
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Table 4 Decision information table
%' C G, Gy ¢y Cs Cs G Gy Cy Co Ci Ci Cis Ci Cis Cis SFR

1 3 2 1 2 2 3 2 1 1 1 1 1 1 1 2 1 1
2 2 1 2 1 3 1 2 2 2 3 3 2 2 2 2 1 2
3 3 1 3 2 3 2 2 1 2 3 2 1 1 2 2 2 2
4 4 2 4 3 2 3 3 2 3 2 3 3 2 3 2 4 4
5 4 1 2 2 2 3 4 3 3 3 4 3 2 4 2 2 4
6 3 1 2 2 3 4 2 4 2 3 2 3 3 2 3 2 3
7 3 3 1 1 3 3 2 2 4 4 3 2 1 2 4 3 3
8 4 1 3 2 3 2 2 2 2 3 2 2 1 2 4 2 3
9 3 1 4 2 3 3 3 2 4 4 4 3 1 2 4 3 4
10 4 1 1 1 2 3 3 2 4 3 3 4 1 2 4 4 4
11 4 1 2 1 2 3 3 2 4 4 3 4 1 2 4 3 4
12 3 1 1 2 4 4 2 2 3 3 4 3 2 2 4 4 4
13 2 1 2 1 3 4 2 1 1 2 1 2 1 2 2 2 2
14 3 1 1 3 3 2 2 1 2 1 1 2 1 2 3 3 2
15 2 2 2 1 3 4 1 1 1 2 1 2 2 2 2 2 1
16 3 2 1 1 3 3 2 1 1 1 1 2 1 1 1 1 1
17 3 2 1 2 3 3 1 1 1 1 1 1 1 1 2 3 1
18 2 1 1 2 2 3 3 1 1 1 2 2 1 1 3 2 1
19 3 2 1 1 4 4 1 2 1 1 1 2 1 1 2 2 1
20 2 1 1 2 4 4 2 2 3 2 3 3 1 3 3 2 3
21 4 1 2 1 2 4 1 4 2 3 2 2 2 2 3 3 3
22 3 1 2 1 3 1 2 4 3 4 3 2 1 2 3 3 3
23 4 1 2 2 3 4 2 2 1 2 2 2 1 2 3 1 2
24 3 2 1 1 3 2 3 1 2 3 2 3 2 1 3 2 2
25 3 1 2 2 3 4 1 1 2 2 1 2 1 2 3 2 2
26 2 1 1 2 3 1 3 2 2 1 1 1 1 1 2 2 1
27 3 1 4 1 3 4 3 3 4 4 4 3 1 2 4 4 4
28 3 1 3 4 3 3 1 3 2 4 2 2 1 2 4 4 3
29 3 1 2 1 3 4 2 4 2 4 3 2 1 2 3 2 3
30 2 4 3 2 3 4 2 2 3 4 2 2 4 3 4 2 3
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Table 5 Attribute set C conditional information
entropy table

SEm S B HAEJE FAHAF B

C 0 Cy 0.198 4
C, 0.119 4 c, 0.2118
Cie 0.130 8 Cs 0.216 8
c, 0.135 4 c, 0.2354
Co 0.152 0 C, 0.254 8
Cha 0.164 2 Cs 0.288 2
Cys 0.164 2 c, 0.348 8
c, 0.184 0 Cy 0.3810
Cp 0.187 6
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Table 6 Comparison of the optimized model classification
accuracy results
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ek A ERE % o
RS-GS-SVC 94.285 7 5.656 9 0.062 5 3.766 0
RS-GA-SVC 91.428 6 1.899 0 0.288 2 6.256 9
RS-PSO-SVC 92.857 1 5.918 7 0.100 0 14.967 9
100
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K3 MR RES R T UE R IE

Fig. 3 Results results of grid search method
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