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Abstract

The catastrophe theory is applied to mitigate the occurrence of risk accidents during the building
of shallow coverage expressway tunnels, while a catastrophe progression method is put forward for
assessing the risks connected with such building projects. Firstly, the building risk of a biased shal-
low coverage expressway tunnel is systematically decomposed, and the evaluation metrics are de-
termined. Secondly, dimensionless processing is applied to assign an index score to the final layer,
which is subsequently standardized. Subsequently, each evaluation index is matched individually
with the catastrophe model, and high-level indices are calculated layer by layer using normalization
formulas until the final catastrophe series value of the evaluation target is obtained. Finally, an anal-
ysis and assessment of expressway tunnel building risk is conducted based on both the evaluation
grade standard and the final abrupt progression. The approach was applied to assess risks in four
aspects of the Dayanqian Tunnel: geological investigation, construction oversight, support lining,
and monitoring inspections. It yielded risk classifications. This method significantly reduces sub-
jectivity in human-assigned values, enhancing the reliability of the assessment while maintaining a
relatively straightforward calculation process. Its results better reflect real-world conditions, accu-
rately reflecting the actual status of each evaluation criterion, thereby furnishing practical engi-
neering projects with more valuable information.
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Figure 1. Hierarchical system diagram
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Figure 2. Indicator chart of four catastrophe model systems
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Figure 3. Building risk assessment indicator framework for biased shallow tunnels
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Table 2. Evaluation indicators scoring results of consequences

=2 THNMIERERITHER

i 1 2 3 4 5 6 7 8 9 10
C1 73 77 75 81 78 77 69 67 70 65
C 93 88 90 87 89 90 95 86 83 89
Cs 77 78 71 74 69 70 74 75 79 77
C 73 66 65 67 68 69 65 65 64 65
Cs 85 84 82 81 85 87 82 80 80 81
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Cs 78 76 75 77 79 78 78 74 70 79
Cr 70 78 7 75 79 76 77 74 73 79
Cs 55 58 54 67 60 58 54 63 65 61
Co 76 67 77 78 76 75 54 56 67 58
Cio 65 64 74 78 79 77 75 65 75 76
Cu 60 65 64 67 68 63 62 66 64 68
Cu 76 65 59 58 60 62 63 66 58 56
Ci3 78 81 76 79 80 71 70 75 79 77

Table 3. Dayangian tunnel’s mean value of building risk score
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Table 4. Standardized values for secondary indicators
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Eg 0.513 0.389 0540 0300 038 0.711 0.644 0423 0.600 0587 0.588 0.315 0.600
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Xo; =+/0.513 = 0.7159
X, = 30.389 = 0.7300
Xc, = 4/0.540 = 0.8572
x., = $/0.300 = 0.7860
Xgg = MiN (X, X;p0 X3, Xy ) = 0.7159

2) Cs+ Cov Cr 5 Bo 4H IR R A RIS, HiesR(O) b0 FLIRFH ELAMEUL, U
X5 =+/0.386 = 0.6213
Xcs = 3/0.711 =0.8925
X, = 4/0.644 = 0.8958
Xgo = MiN (X, X6, X7 ) = 0.6213

3) Cs+ Cov Cio '3 By 7 AL/ SRACAR Y, 4% 5 (9) T 55 HR A TLAN I, T
Xcs =~/0.423 = 0.6504
Xo = 4/0.600 = 0.8434
Xe;o = 4/0.587 = 0.8753
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Xey, =~/0.588 = 0.7665
Xep, = 4/0.315 = 0.6804
Xc;5 = 4/0.600 = 0.8801

Xgq = MIN (X1, X1z, X35 ) = 0.6804
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Table 5. Results of building risk evaluation of Dayangian tunnel
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Ci 0.513 0.7159
Cz 0.389 0.7300

B1 0.7159 0.8461
Cs 0.540 0.8572
Ca 0.300 0.7860
Cs 0.386 0.6213
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Cr 0.644 0.8958 0.8461
Cs 0.423 0.6504
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Cuo 0.587 0.8753
Cu 0.588 0.7665

Ba Cr 0.315 0.6804 0.6804 0.9259
Cus 0.600 0.8801

3.9. REWBIFNER

R BB Tt L AR PP B R AR S FE AR 0.8461€ [0.76,1.00] , XFHRAE 1, KU PS54 4k (1,
B2z A PR hs, FEARTOHE TR, S C5 H e bR 8o — 8, A% fie it 177 S8t L. alid 4
—RARFRU By By HIME ST 004 0.7159. 0.6804, 1] AT H o it L XURSE A7 S 1A 55 R FR) 2 b Jo 880 485 A s
D, ReB s i R FREHANS E5% . DU i Wi B R 45 T 00, ISR 1% ) B UL R VA B
Jita[18].

4. g5

AW TIRFERS T RS AL O IR, MEE T — 08 F T O s e 2 1% % T it L 1 4 T XU PEAY
TEARR R ZTNER ARG 58 1 ARDIRAS FIWT RS B R 5 EOOE, 38 BB 4R T 1 AR BV e JXURS: 1T
fli g B RTER R 2 S RS IIRE S, MR T TR 2 e msk. DOKE FFREEX —sebr TRIHE A
RG], FRATRN T 1 L A2 i o] BRAELE (1 2 4 FE AR R, sl s Fabn pAN T S 40 i, B A9

DOI: 10.12677/hjce.2024.1312253 2312 AT


https://doi.org/10.12677/hjce.2024.1312253

Y RAR S R HUE 0.8461, AR T — RN XKL, FFEHXT R IR Y 1 Sk 2 S 7 S
Xt PRS2SR I H 5 5 OGTE AT A0l i e M B i A e I H 4R 4t 1 6 5 X sl e B AT AT #RF 1)
LAEEIRE, AT HPARR B LR, R 3L S TRIAMEAT . thsh, AWFFE7Em il
RE, BEIETE TR AL 2 — N2 HahS R, PN e bnik 20 5 2 2 2 MO 52 PR R R 520,
BAEEART ISR . 50 & BT SO TR A . T8 72 53t SR IA T A S XU DA ¢ 2 I o
AU T I RAE R & R . BRI, ARSRIIBEFTTT 6 5 24 SRR T it — AR AL AR B AR Fr ik &%,
il 2 e S MRS HE SV 5 AN TR 00 H AR ST I BAR TSR, SR TR IRUS TN 5 W% (KRS VR, AT AE A BRVE Y
HEBHFEIE VAT V) 22 4 A KT L TR D v

E&UH

B 28 T RMEWE T 00 H (22B0486); YLV K 48 Hl A RS A i [ 5 8 A SL i = . VDK FR A
T2 AR B S S a6 = A T 3E 4 % Bh i H (PBSKL2022D08) »

BBk

[11 T, SRS, XURIE, 25 T FlE W 204 2 i v H i IR RS TE A A S2 I (A 7 v AL [9]. A B, 2017, 62(2): 218-
223.

[21 ®hard. VR W I B TE S BE S0y 2 BUE R L [3]. A 1, 2020, 65(5): 324-328.

[3]1 FEim, XEM, XFAE, 25 FaT 2R3 R B e 1A B B8 e 1 XU IR I [J]. & CRE2E4R, 2011, 33(S1):
198-202.

[4] Yazdani-Chamzini, A. (2014) Proposing a New Methodology Based on Fuzzy Logic for Tunnelling Risk Assessment.
Journal of Civil Engineering and Management, 20, 82-94. https://doi.org/10.3846/13923730.2013.843583

[5] Zou, P.X.W., Zhang, G. and Wang, J. (2007) Understanding the Key Risks in Construction Projects in China. Interna-
tional Journal of Project Management, 25, 601-614. https://doi.org/10.1016/j.ijproman.2007.03.001

[6] ¥, MR, M. TR BOBOM ES 10 L HCT A L Z B E s TN 0], BB RS S TR AR, 2021,
18(4): 1056-1063.

[71 kB, fP44%, PR, 5 BT UEERFRMR N R POE A TR, TRERM#S4], 2023, 45(1): 128-

136.
[8] G, K%, X, 5 AT RAHIRSEMENE R RS ZHENRE]. KRG TS HETHR, 2006(7):
1010-1013.

[91 #BXME. RAKERHEAZTFHRMNAPN]. #2F2=0 5, 1988(6): 119-121.
[10] Eok#E, 3B, &5, 2. AT RBREEEEEME T 24 RPN [I]. 2458 TR, 2021, 28(1): 95-

102.
[11]  JAEERK, SKkEL, FKME, S EEUUNEE R A T R R SRS KU RN [I]. B 2 AR 2R, 2022, 32(11):
105-112.

[12] X, E5%, ZEmeE. PimPFm RSN BB IEE L 2 &3P []. e S5HEAR, 2023, 23(12): 4222-4229.
[13] HEEH, RAET, B, 2 A MRRIERE T2 4 MBS TR TR R[], E e e AR R, 2018, 14(9):

136-143.

[14] EWHE, BT, P, & BB T EIREEE AR RRHPET[]. P E 2R =%, 2024, 34(1):
171-178.

[15] 4Rzfe, TE4R4E, FkEARE. YRR IE W) S G MR E PEVEAN Mot T R [3]. MR 4% E) 5 AR AR, 2013, 9(6):
1362-1367.

[16] FF/KE. BRI S 2 @BBE TH AR T[] A#, 2019, 64(5): 306-309.
[17] #il. JET W g AR B0 i I T 98k FAFE AL 0], B 22 AR 44k, 2023, 33(S1): 235-242.

[18] s, MR, ALK, . MR FVE A R I B A T OB AR T LB R ], K R RE IR RS, 2028,
41(11): 133-137.

DOI: 10.12677/hjce.2024.1312253 2313 AT


https://doi.org/10.12677/hjce.2024.1312253
https://doi.org/10.3846/13923730.2013.843583
https://doi.org/10.1016/j.ijproman.2007.03.001

	基于突变理论的偏压浅埋公路隧道施工风险评价
	摘  要
	关键词
	Risk Assessment of Building of Expressway Tunnels with Unbalanced Loading and Shallow Coverage Based on Catastrophe Theory
	Abstract
	Keywords
	1. 引言
	2. 突变级数法及其步骤
	2.1. 突变理论
	2.2. 突变级数法的步骤
	2.2.1. 评价指标体系
	2.2.2. 突变模型
	2.2.3. 评价指标的无量纲化处理
	2.2.4. 突变模型的归一化公式
	2.2.5. 利用归一化公式进行综合评价


	3. 实例应用与分析
	3.1. 工程概况
	3.2. 隧道施工风险等级
	3.3. 施工风险评价因素及指标分级标准
	3.4. 指标分数的确定
	3.5. 隧道施工风险评价的突变级数模型
	3.6. 评分结果无量纲化处理
	3.7. 计算突变隶属函数值
	3.8. 计算突变级数值
	3.9. 安全状态评价结果

	4. 结论
	基金项目
	参考文献

