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ABSTRACT

State Assessment of Reinforced Concrete Bridges

by Fuzzy Theory and Analytical Hierarchy Process

Hwang Sun Ha
Advisor : Prof. Park Kil-Hyun, Ph.D.
Department of Civil Engineering,

Graduate School of Chosun University

This dissertation presents a assessment system used Fuzzy
Theory and Analytical Hierarchy Process(AHP) for the
deterioration and structural safety of reinforced concrete bridges.
The system is capable of estimating the degree of global
performance from visual inspection in regular inspection stage.
The construction of the assessment system includes the selection
of assessment items, the estimation of their importance, and the
aggregation of individual criterion and their importance.

The assessment items are classified into three categories, such
as, upper structures data, base structures data, accessory
structures data. And each category 1s composed of several
performance items at lower levels. The grade of importance of
assessment items are estimated from the concepts of importance
and used in the conservative assessments, respectively.

The importances are estimated by reflecting the interrelationship

_Vi_



among assessment items from the belief and plausibility measures
into the relative 1importance by the Analytical Hierarchy
Process(AHP). The estimated results of assessment items and
their weights are aggregated iIn stages in the framework of
assessment items. Fuzzy theory showed good applicability as a
quantitative assessment scheme by relieving extreme qualitative
assessment and thus securing objectivity.

The modular stepwise assessment facilitated efficient assessment
and enabled to minimize the missing data problems. As a result of
aggregation, the system provides state indices for the optimistic or
conservative assessment, which are used as the criteria for refined
inspections.

When applied to the actually diagnosed bridge, the porposed
system is capable of estimating the degree of global performance
from visual inspection in regular inspection stage. The system
provided similar results to those by experts. Furthermore, this
system was able to provide a systematic and continuous
management and a highly reliable estimation for those general
engineers. From these results, it can be concluded that this system
can be used as a component of maintenance and management
scheme for the structural safety and systemization of maintenance
and management activities in regular inspection of reinforced

concrete bridges.

Keywords : Analytical Hierarchy Process(AHP), State Assessment,
Fuzzy Theory, Reinforced Concrete Bridge.
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Sugeno(Tanaka, 1996)¢] <3k Ww 18]x @3ty ¥ %32 (Tanaka, 1996)°
S o]F Mamdani®] ®Hol 7Hd WA AGEL, T FERE Fhdste] dHb o R
de] 2xolal ik o] WHE  Max-Min d4hs SRR

A% Rk B ERdAE NAFES 98] o] Max-Min WHE At

(1) Mamdani¥ &4

o] WL HAAAGTFTE Mamdani7t A|¢Fg Max-Min A4HS o] &3t HA F
AMRS =9k Aot dnkd oz HAFES {3 HAHAE 4 Q21D 2 o
A& FH 3ok

if x is Y then 4 is Z (2.1)

A71H, o wi WA FEe WMFoln v o z & AXNLF g ool
it el Qe x is v B @A WARe &1, then ool A gis 7z B
Ao Aeye} @

Mamdaniel A4 37 Aedele WA AARe delgte] Azgo A
Hu), AAEY JAe oldd Aoy ANYY F AR AW 0P HHe

oz MYsW et gk WA 4 29 ol AAALARcf)S A7 A9
@A AR HAagrom FAAY
/’L(:fs [‘r/] = min(upﬂ M(‘fs[xz]) (22)

25, AA A S (sfs)2 A (2.3)3 o]l Ar] A4l gt A 22)2 R oy T
oA Hdigtez AAlE

N’sfs [‘r/] = maX(Mcfs [xt]7 N’sfs [mz]) (23)

olg{g HAS Ao Yehlid 19 229 19 233 2k



Y (linguistic variable)

1.0
b
(x)
s PN Y (linguistic variable)
0 > 1.0
X
Predicate truth : x is Y Lets
N Z (linguistic variable)
> 1.0 0
§ Les Modified consequent fuzzy set
L(x)
0 >
W
Consequent fuzzy set:wis Z
8 2.2 HXZEE Y MHIE
2 Y (linguistic variable)
A
N 1.0
;
E Mefs
R(x)
0 4 1.0
X Msfs
Modified consequent fuzzy set
—>
max
L1
S 1.0 0 >
3 Wsfs Updated solution fuzzy set
[ \ |
p(x)

solution fuzzy set
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a7 flal HAHAY AE8FE APTdTE Hok= Yol Takagi®h Sugenoel ©]3)
gAle] AR Ao Y -=9 R A, 7 F
B

st A4S Fal HH A
Takagi-Sugeno HA|FEHL2 2] (2.5)

if x,is A7 and-and x, is A (2.5)

then 3y =ch+cle,++cie, (i=1,2,-r)

4714, it FEe Mol r& A WA AGelm, AL (=120 AR
Aoty x, = A AR WEol, g WAl T ga FzkelH, i
WA e AR sehn g ot

AAFERE 4 267 2e NFAFow T

D'y’
i=1

y= T (2.6)

w= []AL(z,) (2.7)

A7IA, Ay(xy)= HAAHT A9 Adgholnt,
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