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A Study on the Performance Evaluation System of Conventional(ASSM)

Road Tunnels

Kwang-Rim Park '™, Jee-Seung Chung2

Abstract: Although the current evaluation system has been revised four times since it was revised in 1996, it is insufficient to utilize it as a basis for

predicting the performance degradation from the long-term viewpoint and prioritization decision for the budget input due to the evaluation system

limited to securing the structural safety. Therefore, this study proposes a new evaluation system suitable for the performance evaluation of conventional

(ASSM) tunnels among the various types of existing road tunnels using Delphi technique and AHP technique. Since the existing evaluation systems

and evaluation items in domestic and overseas are limited in scope of evaluation criteria, the survey was conducted in conjunction with closed
questionnaires on existing items and open questionnaires for eliciting new items. The validity of the questionnaire results were verified and the
performance evaluation factors suitable for conventional (ASSM) tunnels were derived. After calculating weighted value of the derived evaluation item
using AHP technique, a new evaluation system is proposed to meet the characteristics of the ASSM tunnel, so that they can be used as reference materials
for revising and supplementing detailed guidelines of performance evaluation in the future.
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Table 1 National arrangement of valuation items

Division Common items Certain items
Four Cracks, Leakage, Rebar exposed,
countries Breakage and ]?amage Thickness and inverted

Common Desq}lar.natlon, sinkhole existence,
Exfoliation, etc. Excitation and Dropout,
Three Material deterioration, Lining stress,
countries Ground conditions, Building limits,
Common | Drainage condition, etc. Water quality,
Joint, White coating, Vegetation,
Inner section, Rock strength,
TWO. Tunnel gate state, Degree of weathering,
countries Displacement, Maintenance Intent,
Common Lining strength, Linearity of tunnels,
Subsidiary facilities Tllyminance
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Table 2 Experts distribution
Team Tunnels and evaluation systems . Research | Management . | Relation
. — - Field e Academia | .
composition a high-level expert institutions body industry
| Number 8 5 1 1
Delphi 1st — Open and closed conduct surveys
Survey Table 3 Professional experience and expertise
| . . . Career 10 years ~15years Over 15 years
Prim Validity Evaluation(CVR) and Deriving
ary evaluation item (plan) using open Person > 10
analysis . .
questionnaire result
\
g
Delphiznd | | conduet 2.15 W%ﬂ?+ =y
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| - .
ot | [ Content validity and Reliability Table 4 CVR(Content Validity Rotio)
¢ llar_y verification, Number of CVR Number of CVR
anaiysts Deriving final evaluation items respondents respondents
\ 10 0.62 15 0.49
Iniui:xz:n()f Final confirmation of evaluation item 1 0.59 20 0.42
£ 12 0.56 25 0.37
. 1 .54 .
Fig. 3 Delphi Method 3 0.5 30 0.33
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Table 5 1st Delphi survey result

Enclosed survey Open survey

Seventy-one Items

. Nineteen items additional
evaluation

- Condition safety
-Invert existence
-Drainage condition, etc.
- Usability
-Running condition
-Road surface condition
-Brightness. etc.

Content validity
Satisfaction

(Forty-nine items)
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Table 6 ASSM Tunnel(None rebar concrete lining)

Evaluation item
Division i -
C:tzrge Middle Small category CVR Conver i\gree C.0.V
gory category gance ment
(1) Location 0.86 0.50 0.83 0.13
(2) Width 1.00 0.50 0.86 0.08
Cracks (3) Length 1.00 0.50 0.86 0.08
(4) Progressive 1.00 0.38 0.89 0.09
(5) Pattern 1.00 0.75 0.75 0.12
Leak (6) Location 0.71 1.00 0.67 0.19
eakage
Concrete . (7) Leakage quantity 1.00 0.50 0.86 0.12
lining (8) Desquamation 0.71 0.88 0.71 0.29
condtion (9) Layer separation and Exfoliation 1.00 | 0.50 0.83 0.13
d tM?te“?l (11) Material separation 0.86 | 0.88 0.71 0.27
eterioration.
etc (10) Breakage and Damage 1.00 0.50 0.86 0.08
Condition - - - .
safety (11) Thickness and inverted sinkhole existence | 1.00 0.88 0.73 0.13
(12) White coating 043 0.88 0.65 0.30
Tunnel (13) Whether or not the inner section is reduced | 1.00 0.50 0.83 0.08
Safety measurement | (14) Cross section measurement 1.00 0.50 0.80 0.12
(15) RMR 0.71 0.50 0.83 0.15
(16) Geological characteristics 1.00 0.50 0.83 0.09
.. elt of fault breccia . . . .
C(fqrdol‘t‘:is (17) Belt of fault brecci 100 | 038 089 | 0.09
Surround (18) Tunnel gate state slope 0.71 0.50 0.83 0.21
condition (19) Road bed swell existence 0.86 | 0.50 0.83 0.23
Drainage - (20) Drainage condition 1.00 0.88 0.71 0.14
Cavity (21) Sediment condition 0.86 0.50 0.80 0.17
conditions | 22y Drainage ditch condition 0.57 | 0.50 0.86 0.13
(23) Safety factor 1.00 0.50 0.86 0.12
Ordinary (24) Displacement 1.00 0.50 0.85 0.10
Structure Degree (25) Stress 1.00 0.50 0.83 0.08
safety of risk (26) Safety factor 1.00 | 0.88 0.75 0.15
Eari?r?l‘e‘ake (27) Displacement 100 | 050 | 085 | 0.12
(28) Stress 1.00 0.50 0.85 0.10
Durabili Concrete lining (29) Concrete estimation strength 1.00 0.50 0.83 0.10
urabili
4 Surround environment (30) Cold environment 1.00 0.50 0.83 0.11
(31) Running condition 0.57 0.50 0.80 0.20
. (32) Brightness 0.86 0.50 0.83 0.14
Diurnal traffic — - —
(33) Vibration and Noise Condition 0.71 0.50 0.80 0.26
Usability (34) Traffic, Average velocity 1.00 1.00 0.67 0.16
Disast ’ (35) Disaster prevention facilities 1.00 0.88 0.71 0.15
isaster prevention
P (36) Emergency evacuation time 0.86 0.50 0.83 0.21
. (37) Functionality of Electricity, Machine,
Service -Communication, Signaling equipment 0.71 0-50 082 0-16
o 7] A1, CR(Consistancy Ratio) : 9343 B]&, CI( Consistancy A5 2 AR Bt 729 A7, Mmax: FER|a sH ] 31
Index) : ¥4 A4, RI(Random Index) : WA, 74 &4 A F Hdlgk n : Enlae] 74, s d o] 37]olth
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Table 7 Random index(RI)

A o] A 22l T

9 F 8w} 23] 2ol

Table 9~ 113} Zo] A-8-3lt}.

Matrix size RI Matrix size RI
1 0.00 9 1.45
2 0.00 10 1.49
3 0.58 11 1.51
4 0.90 12 1.48
5 1.12 13 1.56
6 1.24 14 1.57
7 1.32 15 1.59
8 1.41 - -
Table 8 Weight Calculation results(ASSM Tunnel-None rebar concrete lining)
Evaluation item Weight(%)
Cracks 15
Leakage 12.5
White coating 2
. Breakage and Damage 8
Concrete lining -
Desquamation 2
Layer separation and Exfoliation 6
Material separation 3
Whether or not the inner section is reduced 16.5
Drainage condition 8
Ground condition 9
Tunnels around ; . o
Drainage ditch condition 2
Rear face sinkhole existence 10
Special condition 6
Table 9 Damaged by Influence coefficient(Critical flaws)
s Evaluation Influence Evaluation Evaluation
Division Flaws and Damage .
Type coefficient standard score
- Significant flaws
- Lining part severe leakage and deformation 1.0 a 0
- Structural cracks
- Progressive Cracks(Condition assessment “d” below) 1.1 b 1
Concrete | - Fixed crack(Area ratio more than 20% “d” below)
lining - Insufficient lining thickness(Design thickness, Overall)
- Breakage and Damage Critical flaws 1.3 ¢ 2
-Area ratio more than 20% “d” below
-If there is a risk of falling(Large-scale) 17 d 3
- Rebar exposed and corrosion(e Grade) ’
Tunnels - Drainage condition(Poor drainage and clogging)
around - Ground conditions(Differential settlement of ground) 3.0 e 4
- Special condition(Risk of freezing train line)

32 SIRPEZETICL X2 FTEHE| =2 F A 223 H4F(2018. 7)



Table 10 Damaged by Influence coefficient(General flaws)

- Evaluation Influence Evaluation Evaluation
Division Flaws and Damage .
Type coefticient standard score
Longitudinal direction(Diagonal) crack, Drying shrinkage crack, a 0
Concrete . . .
linin Transverse crack, Delusion crack, Leakage(White coating), b 1
© | Rebar exposed, Material separation General flaws 10 c 5
Tunnels | Drainage condition, Ground conditions, d 3
around | Drainage ditch condition, Special condition e 4
Table 11 Damaged by Influence coefficient(Local flaws)
- Evaluation Influence Evaluation Evaluation
Division Flaws and Damage .
Type coefticient standard score
- Longitudinal direction(Diagonal) crack(Member length more
than 2/3) 1.0 a 0
- Breakage and deterioration(Member thickness more than 2/3)
- Delusion crack(Area ratio more than 20% to more than “c”) L1 b |
- Insufficient lining thickness(Design thickness, Overall) ’
Concrete | - Leakage
lining - If it interferes with the passage of trains 12 )
- Leak with a soil particle(more than “c” Grade) Local flaws ’ ¢
- Breakage and Damage
- Area ratio more than 20% to more than “c”
- If there is a risk of falling(Small-scale) L4 d 3
- Rebar exposed and corrosion(c ~d Grade)
Tumnels | Drainage condition(Poor drainage and clogging)
around - Ground conditions(Small and medium scale fault) 20 e 4
- Special condition(Tunnel with electric line-freezing risk)
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Table 13 Structural safety evaluation items and evaluation criteria

Division Evaluation item Evaluation criteria
Ordinary Safety factor
Structure Apply current
uetu Earthquake Displacement P p)./ Y
safety time evaluation system
(Necessary) Stress
2.2.3 HAAHIH Y

) 9 P2 A RRE AT
of A SHE A% LAY WS

J. Korea Inst. Struct. Maint. Insp.

% g7l A e vas)
o2 AR,

33



E'd 9| kA7t 5F = Min(Tc,Ts) ®)

o714, Te: EI'@ 9] AEltAA 55, Ts: EI'd 9] 72244

4 sHoIth

2.2.4 W87 8

7t B 9 B rE

Eld o] 744 AR A= 78, B4 2loly, 3777t ot
o] ¥, 7} FAH 7}5X]+= Table 149} 2T}

W43 7} Al B7HE-2 gl E o] F-20] 22 Table
153 Zo] 27l AF2 =, B S50 2 2438 =
R4 9= Table 163 2t}

Table 14 Weights for Detail member

. 887 A 4H

A2 BT RO WA R A T M v
HAATHE A8 o= MRS F o= /A A
ol ol Mt 3|7} Y sto = A ZhRE Aapr L 3 4= 9l
o, A& ZF-steoF a1 wiEoth.

Bl d o] U437} 55 = Min(Tes, Tce) 9)

A71A, Tes : AT E FE 55

uhEl )0l e,

2.2.5 ARSAE 7 W
7} 7VeA A Ax
dulo] 2APE ©E2F HrleEe tiste] AHPZIHS

Division Each member Each member Weight(%) &85t 7HsXE APE % A7 Table 173 221, 71X &
Lining 60 70 T34, WA, Al =2 FHEske] Akt
Tunnels Tunnel gate 30 30
Vent 10 R Table 17 Weight Calculation results(Usability)
Evaluation item Weight(%)
Table 15 Durability evaluation items and evaluation criteria Running condition 18
Division Evaluation item Evaluation criteria Diurnal | Brightness 16
. . . traffi ibrati i iti
Concrete strength Comparison with Design ratie Vibration and Noise Condition 7
Concrete estimation standard strength Traffic, Average velocity 7
Lining . Number of repeat days Disaster | Disaster prevention facilities 25
Cold environment . . .
-of freezing thawing prevention | Emergency evacuation time 12
Functionality of Electricity,
Table 16 Defect index Service Machine, Communication, 15
Signaling equipment
Evaluation grade a b [¢ d e & g equip

Defect index 0.10 0.20 0.40 0.70 1.00

Safety evaluation

Durability evaluation Usability evaluation

Condition safety Structure safety

Durability evaluation Usability evaluation

Defect index Numerical analysis

Safety evaluation results calculation

Minimum grade
\

Safety evaluation results

Evaluation Index

Determined as a result of the
lowest grade of the evaluation
indicators Results

Evaluation index and rating by ¢
onsidering the weight

| |
Durability evaluation results Usability evaluation results

Evaluation index Evaluation index

Overall evaluation results

Weighting given application

Fig. 4 The results of comprehen
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Table 18 Estimation criteria for comprehensive evaluation of
tunnels

L Evaluation item
Division ™ —
Safety Durability Usability
Weight 0.72 0.18 0.10
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