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A Study on Evaluating the Level of Service for Bridges
using Fuzzy Approximate Reasoning
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Abstract Infrastructures such as bridges and tunnels are crucial elements of national economic growth, and sudden
collapses may lead to great catastrophes with significant social and economic losses, as well as a loss of lives. Hence,
an efficient maintenance technique must be applied to guarantee safety, secure budgets to maintain a certain level of
service, and prevent maintenance expenditures from being concentrated in a specific time period. Developed countries
have experienced rapid increases in maintenance budgets,and maintenance costs now account for about 40% of the
total maintenance budget. The level of service in asset management systems is an essential element for setting
management goals and making priority decisions. Therefore, this study usesfuzzy theory to develop a new way to
assess the level of service.Theassessment model was applied to an actual bridge to evaluate the level of service for
users.
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Input : x is A" AND y is B'
Rl : IF x is A AND y is B. THEN Z is C
or R2 : IF x is A, AND y is B,, THEN z is C,
or Rn : IF x is An AND y is Bn, THEN z is Cn
Conclusion : z is Cn
R pu(z)=\/ (o Apc,(z))
i=1
' n
\/ g, (z, /\NB(yo)]/\Mc( )
2
o714, A, B': g8l digk HAHTS UEhilie, A

i, Bi, Ci:¥x53<2 #HSx,y, zoll e H= 35

£, C : A2 gg HAH7elth RCE Mamdani®]
min AHFEE 2u]EtH, gt jHA A gk M)
73 = (firing strength)S YERN™, pne' , pe, 'pAi, n
Bit Ji A3 C, Ci, Ai, Bidl 0$F 25=38FE &
gk Aotk 8|1, x,, yo @ AlEle] AA] JFH Fhol
], R' : A3 (fuzzy rule)?] HEo|a, A Vi =g
FHmax A%, =2 FH(min A2holH, o]& =2 glshd

Fig. 13} #o] dd 4= 9lrh

17/

o a, %, a,

Fig. 1.

Maximum-minimum inference for the Mamdani
model[13]

HE A gl A& E THste HA S ALz
(crisp) gt &2 WEksh= A= ofe] 712 o] 9lont
T H(centroid of gravity method)O] 7 ddkA
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2 Choi et al.(2013)°1A4] A|A]
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AE 50dBT 3 60~70dBEE, 90dB °©]&
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3 A 71A) & TTI(Travel Time Index)S ©]&
] 2 AFelAE FAIRNESL 0
AR 201401 0% o2 gabeto]

Skl FAAIAEE 4 (3)
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AR 55
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PFeiTh. AR F - ok

AAA e A Az Astel

o=

oA Table.
FA Ol that
HAg 7154

Q2 ~

ALY A =5
zy, &7} o1y
AAER 7)|EAE ZEeTh B AT WA
240med/(m' - Lux)S 100%, A=AA] 100 med/(m’:Lux)
0%o.%2 3hitste] 3719 HAtor HAsIT

A

Table 1. Painted type road surface reflection performance
standard unit : mcd/(m’+Lux)

Reflective
Glancing | Observed - performance
Angle Angle Division Remarks
White | yellow | Blue
upon 0| 150 | 80 | standard
installation
88.76° 1.05° | Repainting
(124%) | (2299 time 100 70 40 | recommend
rain _(\_)vet) 100 70 40 | recommend
condition
3.2.5 W MHA OHEE
FEWSE WY QNS BEER 24, BEE
T 0~1007H A7t o545 ag Aujs vEert
E5s UEie #JA5%e s/E AAsk
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Table 2. Classification and level of purge input / output

variables
. . Fuzzy
Input / output variable Fuzzy variable Fuzzy range laneuage
condition (Very bad) | 0~0.15 |Very Bad
condition (bad) 0.1~0.3 Bad
Safety condlt}{)n (Normal) | 0.23~0.55 | Normal
condition (Good) 0.45~0.85 Good
o, Very
Vi 75~1.
condition (Very Good)| 0.75~1.0 Good
The size of the noise | 0~35% Bad
(bad) (68 ~90db)
noise The size of the noise | 30%~70% Normal
evaluation (Normal) (58~72db) |
Input The size of the noise | 65%~100% Good
variable (QOodl) (50~62db)
Vehicle traffic 0~30% Bad
(crowded) (1.6~2.0)
Traffic Vehicle traffic 25%~80% Normal
Delay (Normal) (0.8~1.5)
Vehicle traffic 75%~100% Good
(Smooth) 0~0.7)
Lane luminance 0~37% Bad
(Bad) (100~150)
Lane Lane luminance 32%~72% Normal
Luminance (Normal) (145~200)
Lane luminance 67%~100% Good
(Good) (190~240)
Bridge Service Very
~1
LOS(Very high) 78100 High
Bridge Service .
LOS(High) 58~83 High
Output Bridge Bridge Service .
~ M
variable |Service LOS|  LOS(Normal) 3863 edium
Bridge Service
18~42 Ly
LOS(low) ow
Bridge Service
0~23 Very L
LOS(very low) oy oW

= 1438 Triangular®} Trapezoidal &2
w4 g45 ARSIt Table. 29F 2o 72 PM9] H
7] ML} HAAE o] &3te] A Y -
3 Wn4] 34 FEE Fig 29 #2o] AT 5 gk
o714 7tEEE VIAWNFRA Ast @ gs 7R
AL, A25S HA) 74 % (Degree of relationship) &=

03} 14}0]9] & 7T,

. . plot points:
Membership function plats 181

VeryBad  Bad Normal Good VeryGood

>
>
>

\r[ﬁutvanz;.bbe'SaI‘ei‘T
(a) Membership function of safety(Input 1)

ot points:
Membership function plats Fape 181

Bad Normal Good

input variable "Noise”

(b) Membership function of the noise around bridges(Input 2)

ot peints;
Membership function plots Feie 181

Bad Mormal Good

input variable "Traffic’

(c) Membership Function at the Traffic Delay Level(Input 3)

) . plot points:
Membership function plots 181

Bad Mormal Good

=3

:

01 0.2 0 0.4 0. 0.6 0 0
input variable "Laneluminance”

(d) Membership Function for Lane Luminance(Input 4)
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Membership function plots L 8t 190 (}?add v Hig]}’]ll -
00 ery Hig
i - " H b 11 Good | Normal | Very High
12 Bad Very High
13 Good Very High
14 Normal | Normal | Normal Very High
15 Bad Very High
16 Good Very High
17 Bad Normal Very High
18 Bad High
19 Good Very High
- — 20 Good Normal Very High
I ‘ ou1pulvariablel'Le'uebISewioe' . 21 Bad Very High
22 Good Very High
(e) Bridge Level of Service Membership Function(Output) 23 Bad Normal | Normal Very High
Fig. 2. Bridge Level of Service Assessment Membership gg (?()afd z:z I]:IIEE
Function 26 Bad Normal Very High
27 Bad High
28 Good Very High
3.4 HX[MO{F&(Fuzzy Rule) ¥ HX| =23 29 Good | Normal [ Very High
30 Bad Very High
HE 31 Good Very High
32 Good Normal | Normal Very High
AN TFHL BRg Alzele] 24 S Ak A 3 Bad Figh
34 Good Very High
of7|2E TAY 4 g Aeol e TAHA YW 3 Bad [ Normal | High
o4 AL A2 wste] HAAN TS AP oot | ey i
ek A AR LTS ARALS AR A Good | Nomal | Very High
Q) ol EHTL =T SFORA AFHS QA B 0 Good [ Very High
41 Normal | Normal | Normal Very High
ok R, ek 919 A, AFFAA|, A9 =] o) 42 Bad High
43 Good Very High
3 1357he] JAANTF A Fig. 39} 2ol TNT 9 —us Bad | Nommal | High
— 45 Bad High
° ‘I] ]% ERA L}‘E}LH?:]— able 3“’} 71-‘:]— 46 Good Very gHigh
47 Good Normal Very High
48 Bad Very High
4 Rule Editor: NewPaper-1 - o x 49 Good Very High
File Edit View Options 50 Bad Normal Normal Very High
127. If (Safety is WeryBad) and (Noise is Bad) and (Traffic is Goed) and (Laneluminance is Good) then (Lev A 51 Bad ngh
128 If (3afety is WeryBad) and (Noise is Bad) and (Traffic is Good) and (Laneluminance is Normal) then (Le 52 Good Very High
1501 (et s Verypad) and (oee i Bad) and (Trafc s Hormal and fLonlminance & Baod) men (Lc 53 Bad Normal High
1521 (Garety s Veryaad) and (o Bady and (Trafc f Normal ond (Lor cuminance  Bach e fLow 54 Bad High
1541 oatety e Voryped) and Nolss I Bl an (1atfc s and (Laneluanance s Horel) i (o1 55 Good High
|, If (Safety is WeryBad) and (Noise is Bad) and (Traffic is Bad) and (Laneluminance is Bad) then (Lev ~ 56 Good Normal High
Then 57 Bad Medium
Laneluminance is. LevelDiServiDEAs 58 GOOd ngh
L 59 Good Normal | Normal High
. 60 Bad Medium
~ | none O 61 Good High
L Sz L L = 62 Bad Normal Medium
ymecton 7] et 63 Bad Medium
M 1 Deeteruie | Aaarue | cnange rue | =] 22 Good NGOOdl MH:jgh
[ =T @ [ Bad T Medim
Fig. 3. Fuzzy control rule 67 Good High
68 Normal | Normal | Normal Medium
69 Bad Medium
Table 3. Fuzzy control rule 70 Good Medium
Tput variable 71 Bad Normal Medium
Rule Noise lane Bridge level of 2 Bad Lo_w
Safety ; Traffic ¢ service 73 Good Medium
evaluation luminance 7 Good Normal Modium
! Good |—00od | Very High 75 Bad Low
2 Normal Very I—h:gh 76 Good Medium
i Nomal C?add zery ggg 7 Bad | Normal | Normal | Medium
A Good 00 cry g 78 Bad Low
5 Normal | Very High 79 Good Medium
6 Bad Very High 80 Bad Normal Low
7 Bad Good Very High 81 Bad Low
8 Normal Very High

13
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Table 3. Fuzzy control rule(continue)

l,npm variable Bridge level of
Rule Noise lane .
Safety K Traffic . service
evaluation luminance
82 Good Medium
83 Good Normal Medium
84 Bad Low
85 Good Medium
86 Good Normal | Normal Medium
87 Bad Low
38 Good Medium
89 Bad Normal Low
90 Bad Low
91 Good Medium
92 Good Normal Low
93 Bad Low
94 Good Medium
95 D Normal | Normal | Normal Low
96 Bad Low
97 Good Low
98 Bad Normal Low
99 Bad Very Low
100 Good Low
101 Good Normal Low
102 Bad Very Low
103 Good Low
104 Bad Normal | Normal Low
105 Bad Very Low
106 Good Low
107 Bad Normal Very Low
108 Bad Very Low
109 Good Low
110 Good Normal Low
111 Bad Very Low
112 Good Low
113 Good Normal | Normal Low
114 Bad Very Low
115 Good Low
116 Bad Normal Very Low
117 Bad Very Low
118 Good Low
119 Good Normal Very Low
120 Bad Very Low
121 Good Low
122 E Normal | Normal | Normal Very Low
123 Bad Very Low
124 Good Low
125 Bad Normal Very Low
126 Bad Very Low
127 Good Low
128 Good Normal Low
129 Bad Very Low
130 Good Low
131 Bad Normal | Normal Very Low
132 Bad Very Low
133 Good Very Low
134 Bad Normal Very Low
135 Bad Very Low

Qese} wEEse] P w Fele) 28
Qe e o Eptov], ki, ANFE,
AR Watol ek A2 WEEI} ABSE Ao®
Bhsdeh. 53], wae] ool wet Ao Al
WEES Agsen B JBE v Jom Aus
FE W} 23 Fig. 43 2ol TEHA

LevebfService
8

o 02 0.a os o8 1
Safety

(a) Relationship between safety and LOS

a0
78
76
=)
= 74
5
&2
-l
272
3
70
a8 N
66
o 0z 0.a o6 os 1

Noise
(b) Relationship between noise and LOS

70

s8

LevelofSenvice
2

o 0.z 0.4 o6 o8 l
Traffic

(c) Relationship between vehicle lateness and LOS

80

LevelofService

o 0.z 0.4 0.6 o8 1

Laneluminance

(d) Relationship between lane brightness and LOS
Fig. 4. Relationship between input variables and LOS
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Hgh Rule Viewer2 HA|FEA|ZHS Z- 4] A AFETAEE HIA[19]E o] &35t FAIIAE
Sl AREFE AN, input@el]l  [QFAA=0.81;4%  TTI(Travel Time Index)E AHASFITE W AH] g
=0.68; 2| H|=0.26; HE 03415 9¥atd W Ml & 25 Frketr] A9 dlo]Hs= Table. 59 2t
= WPE7850s FRYE As & F vk w5
o] &g, AA A, AA B ol o3 waF AR|AFE Table 5. Bridge input data results
HG71E & 4 9+ Rule Viewer Fig. 59} 7} Category | A Bridge | B Bridge | C Bridge | D Bridge | E Bridge

Safety | 0.912 0.884 0.903 0.867 0.891
. — - ) Noise 77db 75db 70db 65db 76db

Safety = 0.81 Noise =0.68 Traffic = 0.26 Laneluminance = 0.3 | oyelofService =785
i =T = } =5 = ) Traffic 1.53 0.34 1.61 0.62 0.22
f 3 I | | I} 1 ~ =1 ] [ ]

a = = = Lane
s = ; 233 244 249 224 236
¢ =l luminance
8 = i
10 |
i = Table 6. Bridge level of service result
" = Input variable
15 |
=) = = Categol LOS
iz = = = o Safety Noise Traffic Lfme
190 = [ ] [ | 0= [ ] luminance
2l = ] T e B ] A Bridge | 0.843 0.61 0.28 0.94 89.7
22 [ =1 [= ] [ 1 [ ~ ] [ 1
ot = = | T ——— ] B Bridge | 0.884 0.34 0.83 1.00 90.1
25 [ = | [ ] ] [ —1 [ ]
o = =0 4 ——— 1 C Bridge | 0.903 0.51 021 1.00 91.0
28 s | .;l [ | [ ] [ ]
a—0 | ; [ e e ] D Bridge | 0.867 0.63 0.69 091 90.7
Fig. 5 Rule Viewer E Bridge 0.891 0.35 0.89 0.96 90.3
Table. 5& ©]-&3at] #A| 4 Foz slsto] HA|
4, B MH|A +=F FIL At TAFE RPe F wF AulaFE B2t A, Fig
62 Cuze] d4 oy [9hdd=0.903;225=0.51;4

W Al e Slske] T RS T 4-021;815=1.00] YA Ciee] A¥]A5E 91,04
& &9 wl AEste] A& AESATE Y 2L 9 919 2= 9191 oM, Table. 67} 0] C-D-E-B-A 1%
F2 Al Sl ST WK A~ER TE)e T o7 89.7~91.09 AH|agE AWE AL 5 99
o aolth 2015 EEJAFAR ]S 3 71 @ o o)g} o] Au|A%F WAt AWE o83l GA T
F Y AL ARE G580, wF T &5 E A o gate AR BEE o AR SM%g B &
3w S-S Sfe AFzALE AAETE kel o ngo}w[ﬂ 9lolA] B} da Al wrte] st}
7|5 B = Table. 49 7t} el AH a4z B7h A ok

KT
poge
X
é
o
k)
b

3
1O o] kO = S o) 2=
B> < B—O]:E 1S 7}ie ELT 9}1\5\)}

Table 4. Target Bridge Information

Category |A Bridge| B Bridge | C Bridge | D Bridge | E Bridge - —— Trafic= 021 Lanotuminanco =1 Lovtorsomiza =91
Bridge Type| Truss |River box| Steel plate |River box|River box % = - ]
Design load| DB-24 DB-24 DB-24 DB-24 DB-24 g !

Total length| 1,160m | 1,220m 919m 1,490m | 1,245m g ‘ = ‘ ‘ E ‘ : ! : !

Total width| 35m | 204m | 25.7m 25m | 28.6m == D b o ‘
Completion| 59, | jog4 1969 1982 1984 e ' —
bl ° = —

12\ =0 L ] \4 ] L ‘ C ]

20 [ ) L ] L ] L ] L ]

B 2 [ s L ] L ] L ] C ]

kA3 B dolHe A dEHE7E AR E o83t s 5 o | 1

- N .- b =
onl, AHAE, 234 e ARl S4aje] 2 :
it groz ARgsth AgAAle] 37 L 2015 = = : 1
W ASEWA WE }_A]—X]—E_[IS]Q}— 20159 HSEW Fig. 6. C Bridge Level of service
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