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Study on Discovery of Vulnerable Factors in Road Tunnels through AHP
Analysis
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Abstract
This study aims to identify vulnerability factors through comprehensive safety diagnosis and to seek
improvement measures for the safety and maintenance of facilities. In this study, the results of road tunnel
inspections and diagnostics were converted into a database (DB). Using this data, we explored to identify
vulnerable elements (NATM, ASSM) based on structural types and to develop efficient improvement measures.
In this study, we analyzed 76 detailed safety diagnosis reports covering 45 different types of road tunnel
facilities. In the detailed guidelines for comprehensive safety diagnosis, the database (DB) items for identifying
vulnerable factors were selected by categorizing the basic information, such as the year of completion and
damage items. In addition, AHP analysis was conducted separately through experts in related fields to analyze
the correlation between damages. As a result, the primary vulnerability factors for NATM and ASSM were
identified as cracks, leaks, insufficient lining thickness, and joint rear. ASSM was identified as relatively more
susceptible to network cracks and material separation compared to NATM. In contrast, flaking and rebar
exposure were interpreted as more significant vulnerabilities for NATM than for ASSM. In addition, the
correlation between elements in NATM was found to be low, whereas in ASSM, the correlation between
elements was high, indicating a more organic relationship.
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Table 1. Research Target Tunnel (NATM)

Year of Number  Width Height = The Perimeter of  Length

No. Tunnel Name Completion  of Lanes (m) (m) Tunnel (m) (m)
1 N-JR_2_2012 2001 2 10.7 7.1 20.6 4,600
2 N-JR_1.2012 2001 2 10.7 7.1 20.6 4,600
3 N-D/B_2_2011 2000 2 9.65 6.7 19.7 1,075
4 N-D/B_1_2011 1995 2 9.65 6.7 19.7 1,041
5 N-DS_2_2011 1995 2 9.7 6.7 19.9 1,387
6 N-DS_1_2011 1995 2 9.7 6.7 19.9 1,362
7 N-MS_2 2011 1994 2 9.6 6.7 20 1,460
8 N-MS_1_2011 1994 2 9.6 6.7 20 1,450
9 N-HR_1_2011 1995 2 9 8 22.1 1,860
10 N-HR_2_2011 1995 2 9 8 22.1 1,860
11 N-SR_2_2010 1999 4 18 8.7 29 1,882
12 N-SR_1_2010 1999 4 18 8.7 29 1,865
13 N-SA_2_2010 1999 4 18 8.7 29 1,294
14 N-SA_1_2010 1999 4 18 8.7 29 1,254
15 N-JL_2010 1999 3 13.5 10.2 24.7 3,300
16 N-HS_2010 1990 2 9.3 6.1 17.2 1,986
17 N-HJ_2010 1999 3 13.5 10.2 24.5 3,780
18 N-NS_2_2009 1994 2 11.3 11.3 16.72 1,532
19 N-BJ_1_2009 1998 2 9.8 6.7 19.5 1,490
20 N-CW_1_2009 1993 2 10.8 8.28 24.4 2,340
21 N-0C_2008 1988 2 9.3 6.1 17.2 1,296
22 N-CW_2_2008 1996 2 10.4 7.6 24.4 2,345
23 N-D/B_1_2007 1995 2 9.65 6.7 19.7 1,041
24 N-DS_2_2007 1995 2 9.7 6.7 19.9 1,387
25 N-DS_1_2007 1995 2 9.7 6.7 19.9 1,362
26 N-MS_2_2007 1994 2 9.6 6.7 20 1,460
27 N-MS_1_2007 1994 2 9.6 6.7 20 1,450
28 N-HR_1_2006 1995 2 9 8 22.1 1,860
29 N-HR_2_2006 1995 2 9 8 22.1 1,860
30 N-NS_2_2005 1994 2 11.3 11.3 16.72 1,532
31 N-HS_2005 1990 2 9.3 6.1 17.2 1,986
32 N-CW_1_2004 1993 2 10.8 8.28 24.4 2,340
33 N-0C_2003 1988 2 9.3 6.1 17.2 1,296
34 N-MB_2002 1992 3 10.25 8.35 239 500
35 N-HS_2000 1990 2 9.3 6.1 17.2 1,986
36 N-NS_2_1998 1994 2 11.3 11.3 16.72 1,532
37 N-0C_1998 1988 2 9.3 6.1 17.2 1,296
38 N-CW_1_1998 1993 2 10.8 8.28 24.4 2,340
39 N-SCH_1_1997 1992 2 8 6.8 20 297
40 N-JK_2_1997 1992 2 8 6.6 20 340
41 N-JK_1_1997 1992 2 8 6.6 20 400
42 N-GK_2_1996 1991 2 7.2 6.8 20 495
43 N-GK_1_1996 1991 2 7.2 6.8 20 502
44 N-GA_2_1996 1991 2 7.2 6.8 20 743
45 N-GA_1_1996 1991 2 7.2 6.8 20 752
46 N-BW_2_1996 1991 2 7.2 6.8 20 358
47 N-BW_1_1996 1991 2 7.2 6.8 20 286
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Table 2. Research Target Tunnel (ASSM)
No. Tunnel Name Year of Number  Width Height  The Perimeter of  Length
Completion  of Lanes (m) (m) Tunnel (m) (m)
1 A-KD_1_2012 1984 2 9.4 9.4 20.8 1,870
2 A-KD_2 2012 1984 2 9.4 9.4 20.8 1,870
3 A-NS_3_2011 1978 2 9.2 6.9 214 2,540
4 A-MD_1_2010 1988 2 9.4 8.1 214 1,740
5 A-MD_2 2010 1988 2 9.4 8.1 214 1,740
6 A-NS_1_2009 1995 2 10 7.1 17.9 1,530
7 A-GN_1_2008 1980 2 9 8.55 211 1,130
8 A-GN_2_2008 1980 2 9 8.55 211 1,090
9 A-KD_1_2008 1984 2 9.4 9.4 20.8 1,870

10 A-KD_2_2008 1984 2 9.4 9.4 20.8 1,870

11 A-NS_3_2006 1978 2 9.2 6.9 214 2,540

12 A-NS_1_2005 1995 2 10 7.1 17.9 1,530

13 A-MD_1_2005 1988 2 9.4 8.1 214 1,740

14 A-MD_2_2005 1988 2 9.4 8.1 214 1,740

15 A-DH1_2004 1975 2 9.5 6.6 20 522

16 A-DH2_2004 1975 2 8 6.6 20 449

17 A-GN_1_2003 1980 2 9 8.55 211 1,130

18 A-GN_2_2003 1980 2 9 8.55 211 1,090

19 A-KD_1_2003 1984 2 9.4 9.4 20.8 1,870

20 A-KD_2_2003 1984 2 9.4 9.4 20.8 1,870

21 A-NS_3.2002 1978 2 9.2 6.9 214 2,540

22 A-MD_1_2000 1988 2 9.4 8.1 214 1,740

23 A-MD_2_2000 1988 2 9.4 8.1 214 1,740

24 A-HI_1.2000 1984 2 10 52 23.2 320

25 A-KJ_2_1999 1969 2 9.4 7.3 20 152

26 A-KJ_1.1999 1969 2 9.4 7.3 20 135

27 A-KD_1_1997 1984 2 9.4 9.4 20.8 1,870

28 A-KD_2_1997 1984 2 9.4 9.4 20.8 1,870

29 A-NS_3_1996 1978 2 9.2 6.9 214 2,540
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Table 3. Results of Priority Calculation of Vulnerable Factors

Vulnerability Priority NATM ASSM
1 Cracks wider than 0.3 mm Cracks wider than 0.3 mm
2 Leaking water Leaking water
3 Insufficient lining thickness Insufficient lining thickness
4 Backfill voids Backfill voids
5 Cracks narrower than 0.3 mm Cracks narrower than 0.3 mm
6 Delamination Network of cracks
7 Network of cracks Delamination
8 Exposed reinforcement Material separation
9 Efflorescence Exposed reinforcement
10 Material separation Efflorescence
11 Scaling Scaling
12 Damage and deterioration Damage and deterioration
13 Circle type crack Circle type crack
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