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APPLICATION OF EXPERT SYSTEM IN BRIDGE
SUPERSTRUCTURE SELECTIONS

By Chartchai LEELAWAT*, Tadashi NIIRO** and Eiichi KURIBAYASHI***

This paper presents an expert system which uses “ranking method” to solve bridge su-
perstructure selection problem, The “ranking method” is usefully used in bridge selec-
tion problem and also can deal with fuzzy set which is used to handle fuzziness in deci-
sion knowledge which are collected from various sources.

In the selection, several appropriate alternatives are chosen in consideration of the
appropriate combination of superstructures and construction method. The final selected
results are shown in the form of a list of ranked alternatives after they are ranked based
on judgement of decision knowledge and designer’s opinion,

Keywords . bridge selection, expert system, ranking method, fuzzy set

1. INTRODUCTION

In recent years, significant changes have been taking place in civil engineering. The change can be
related to the developments of expert systems for structural analysis, design and diagnosis. In the field of
bridge design, to date a number of papers concerning with bridge selection expert system have been
published. A prototype of bridge selection expert system was firstly introduced by Shiraishi, et al. . The
system was designed for the selection of foundation types for substructure construction. They also
presented expert system for design planning of bridge structures which certainty factor was used to
represent inexact knowledge?. They discussed that certainty factors should be obtained from specialist’s
opinion and recommended that fuzzy set should be used sometime or other. And later, they presented the
improvement of construction method selection system which certainty factors were obtained from an
interview with specialist’. Iwamatsu, et al ¥, proposed the system for bridge selection which used
certainty factors and economic comparision to select bridge types. They also encountered with the problem
of how to handle inexact knowledge. Nishido, etal *, established the system for selection of river crossing
bridges which bridges were selected based on economic consideration and used the fuzzy set to handle
ambiguity in the selection of foundation methods. They discussed that overall evaluation is needed in their
system,

It can be seen that the construction of bridge selection expert system, which involves superstructure and
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substructure selection system, is not an easy task. The problems, that are always encountered, are how to
handle inexact knowledge (e. g. expert’s opinion, incomplete information, etc.) and how to evaluate all
factors which concern in the decisionmaking. The first problem can be solved by certainty factor or
probability methods if inexact knowledge is in the form of uncertainty. Unfortunately, inexact knowledge is
not always in the form of uncertainty, but can be in the presence of ambiguity and vagueness called
fuzziness. In such case, inexact knowledge can only be treated by fuzzy set. For the second one, this
problem can be solved by using the “ranking method”. This method is the same method as bridge designers
always use in practice when they do bridge selection task.

This paper presents the “ranking method” and the expert system which uses “ranking method” in the
selection of bridge superstructures. This method allows the system to evaluate all factors concerning in
the selection and inexact knowledge, in the form of fuzziness, can be used in the system. It also allows a
designer to select the solutions based on the factors which designer considers that are importance in the
selection. Bridges here refer only to bridge with span between 20 to 200 m as shown in Table 1, and is not
applicable to frame-type, long-span suspension, cable stayed, or to short-span reinforced concrete
bridges. The knowledge used in the system is collected from various sources such as an interview with
bridge designers, the engineering journals and the textbooks about bridge design and construction. But
much of the knowledge is collected from the latter two sources. And to illustrate the presented expert
system, three examples of application are presented.

2. BRIDGE SELECTION EXPERT SYSTEM

(1) System description
The expert system is written in Prolog-KABA® and uses a rule-based knowledge representation scheme
that work via forward chaining”®_ It employs fuzzy sets to handle fuzziness in data or knowledge®, The

major components of the expert system are knowledge base (consists of general facts and rules), context

(contains all of the information which describes a problem currently being solved, including both data of

the problem and solution status), inference engine (operates on the context, utilizing the rules in the

knowledge base to deduce new facts which then can be used for subsequent inferences) and user interface,
(2) Selection process

The selection of a specific type of bridge to cross the stream, ravine, railroad or the like is not an

Table1 Lists of bridge superstructures and construction

methods.
Tupes of supersiructures Types of construction methods
For steel For comrete
suporstrvotarss cuparstroctires CHOOSE SUPERSTRUCTURES CHOOSE CONSTRUCTION METHODS
Stee! superstructures - Staging methon s Last-iaplase mweinog
- with truck crane

- simple plate girder bridge - with cable crane - Pracast metnod
- comtiruous piste girder brisge - With stiffles derrick] - with truck crane
- simple box girder bridge - with ficating crane ~ with floating crane
= contiruous box girder bridge - with erection iruss DETERMINE & SET OF ALTERNATIUES
« orthotropic deck bridge = Cable crane erection ~ with gantry crane STEP 1
» simple truss bridge - Cable erection method
« contiruous truss bridge « Erection tryss method « IMovable scaffolding
+ langer bridge method

~ upper deck * Pushing ocut method

- through deck - with erect?on truss + imremental launching STEP 2
. lohse bridge - w:th srection nose met howt RANKING OF ALTERNAT IUES

- upper deck - with bargs

- half-through deck - with carriage - Fres cantilever method

- through deck - cast-in-place method
~ ar ri - Cantilever method ~ precast method

aren bricos Z with truck orane ® Fig.1 Bridge superstructure selection flow.
Concrete superstructures - with cable crane - Progressive placing

- with stiffleg derrick rethod

= precast sleb bridge - with floating crane
« simple p.c girder bridge
< continuous p.c girder bridge + Large block method
< simple p.c box girder bridge = with truck crane
« continuous p.c box girder bridge - with Tloating crane
- segmental bridge - with terge
« concrete arch bridge
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Application of Expert System in Bridge Superstructure Selections 51

automatic determination. None is intrinsically better than another, each has advantages in appropriate
circumstances. In the selection, bridges which can adequately perform requirements of bridge designer
should be selected. The basis requirements that selected bridges must be satisfied are cost, appearance,
ease of maintenance and construction, and etc. The selection process in the system is separated into two
steps as shown in Fig, 1.

a) Choose superstructure types and construction methods

In this step, the system chooses type of superstructures which satisfy for design criteria such as bridge
system, bridge geometry, length of main span, and then chooses construction methods based on site
conditions, Fig.2 and 3 show decision flows for choosing superstructure types and construction methods
which can be written in rule form as shown in Fig. 4. After types of superstructures and construction
methods are obtained, the system matches superstructures with construction methods to construct a set of
appropriate alternatives by using the relationship which is shown in Table 4.

STaRT

sinsle =oan r—-‘-——l:ontinuo«s span

] L4} I
bridoe bridge bridge bridge
‘lsl c]n‘el FI Gl Ialalc]n n[a CI DI E]FIE—I Iqlslc DIEIF'G
$1 $2 83 sS4 S5 $6 ST $8 S8 S1Q S11 $12 $13 Si4 $iS 516 S17 $18 S19 $20 $21 S22 $23 $24 $25
P1 -5 dridge systea A= in span length is betueen 20 - 30 a € -> main spah 1enoth is between 76 - 100 w
P2 -> bridge geometry 1] in 3pan length is betueen 31 - 48 m £ in span length is betwsen 181 - (S8 m
< span length is between 41 - S8 a G - mein span length is between 151 - 2@0 =
? span length i3 between 51 - 75 a

$1 => (1) P.C 3lab brigde ST => {1} segmental-bridoe
€2) siap, P.C girder bridge (2} orthotropic deck bridge
€2) sisple P.C box girder brid (3) continsous truss bridge
(4) siap, plate girder bei €4} upper deck langer bridge
(5) simp. dox girder bridge (S) upper deck lohse bridge
. (6) through lohse bridge
(T) acch bridgs

S11 =) (1) siaple P.C box girder bridge
€2} siaple box girder . .
(3) orthotropic deck bridge $25 -> (1) orthotropic dack bridge
23 segmental bridge

Fig.2 A flow for choosing superstructure types.

RULE 17

IF BRIDGE SYSTEM IS CONTINUOUS SPAN
and BRIDGE GEOMETRY. IS STRAIGHT BRIDGE
| MAIN SPAN LENGTH IS BETWEEN 101-150 METRE
THEN SELECT SEGMENTAL BRIDGE

or SELECT ORTHOTROPIC DECK BRIDGE
or SELECT CONTINUOUS TRUSS BRIDGE
or SELECT UPPER DECK LANGER BRIDGE
or SELECT UPPER DECK LOHSE BRIDGE
or SELECT THROUGH LOHSE BRIDGE
or SELECT ARCH BRIDGE

RULE 32
IF THE VORKING AREA UNDER BRIDGE GIRDER IS NOT AVAILABLE
and THERE IS A WORKING SPACE AT THE ONE OR BOTH END OP THE BRIDGE
and SOME PART OF SPAN CAN PLACE TEMPORARY BENT FOR ERECTION
and THE TRUCK(OR FLOATING) CRANE OR TRAILER OR THE LIKE CAN BE

PL - The working area under the bridge is available. ENTERED INTO THAT PART
P2 3 o truck e or ot o ot 1ive o mtora o th vorsing ares THEX  SELECT ERECTION HETHOD
P4 -> There is @ yard for fabricstion near the site or  SELECT PUSKING OUT METHOD VITH ERECTION NUSE
PS -> The flosting crane or barge can be eatered into the working ares or  SELECT PUSHING OUT METHOD ¥ITH HOVABLE BENT
P6 - A cable crane equipment can be installed for erection ) or  SELECT PRECAST CANTILIVER HETHOD
X A K or SELECT INCREMENTAL LAUNCHING METHOD
PT -> There is a working space at the one or both end of the bridge.
P3 =) Soms part of somo span can place temporary bent for erection. or  SELECT HOVABLE SCAFPOLDING NETHOD
PS> The cable erection equioment can be installed for erection

RULE 65
IF DESIGNER CONSIDER GIRDER DEPTR BETWEEN 2.6-3.5 METRE
THEN THE SUITABILITY OF USING SEGMENTAL BRIDGE
- i i i SHOULD BE GOOD
[ 1 stagi hod with stiffleg derrick
to @ :a:fFﬁv:ftmelh:d u(fh St«?fle:r;cfnck or THE SUITABILITY OF USING SIMP. B0X GIRDER BRIDGE
SHOULD BE PAIR

o
e

- The truckfor floatingdcrane or trailer or the |ike can be entersd into
some part of working area.

g

@ ast method with tion truss .

2 - ;(::Sng n":thod :ith :;:fe ::‘an;us—' or THE SUITABILITY OF USING CONT. BOX GIRDER BRIDGE
(@) cantilever method with cable crane SHOULD BE GUOD

Cé - (1} erection truss !‘nethod or THE SUITABILITY OF USING ORTHOTROPIC DECK BRIDGE
(2) progressive placing mathod SHOULD BE VERY GOOD

(31 incremental launching method
{4). movable scaffolaing method

Fig.4 Typical rules of bridge superstructure
Fig.3 A flow for choosing construction methods. selection.
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Table2 Rating Table of Superstructures (In case of Table 3 Rating Table of Construction methods (In case of
concrete superstructures) . steel construction methods).
Superstructures CONCRETE  SUPERSTRUCTURES Construstion methods FOR STEEL RFERITRCTURES
types —
P.C P.C girder P.C box girder pusning cantijever i largs plock
cable 2reci- | out meinid § aethod et
! i t i t 2g. | arch crame | ion
Judgenment factors stab| simej con smepcen i e with fwith| method | truss Jwith]withfwithfwital withy wits
Economic span length: Juggement faciors tc Jo.c metedfon |oor feo lie |te f.c
20 - 32 ® ° @ X X supsrstructure gacmetry:
51 - 75 m X A atolel o gufved bridee d ° XpApxjeq o x
high-level bridgeth > @ m | X [ @ @ » 4 vl
121 - 152 o X X X X X @ @ Frievel i " @ b olojeis| @
Gird h possible work in narrow
irder dopth: working are2 X A @ el ala
1.6 - 2.8 m o] ] [e] & - rare
26 - 35 x 5 35 < A £20id corstruct ion ofal] a s lololafo )
. = . n -
miti-spsn corstruction A A o] ® Aol Ol @
Height of arch or truss:
11 - 15a - - - - - - ¢} minizal disturbance to
the existing traffic X | A [] @ @ | sl Oa] X
18 - 28 n - - - - - - 2
- Y scoromic [o2N el o [e] cjajofjolo [¢]
ease of fabrication ] @ @ @ @ O O
construction in vailey area | X | A @ o] o X1 @ - X -
ease of mzintenance k<) & @ & =Y @
construction on soft ground | X | A <] @ Q0|61 -] X -
Appearance: —
-‘rvveruarea - @ ) ) & O - ease of construction © A X A A A A o & o
vallsw srea or the like] - - _ _ o o & where @ verygood QO good A fair X poor (= ot consider)
2tz Hhe t.c truck crane f.c floating crane c.c cable crane
aetropolitain srea - o o o A o e.n erection nose G.r carriage
where @ very good O good A fair X poor  — unknown)
simp -> simple span cont -> continuous span v, By y
seg. -> segmenla! bridg:z (cOntinuous box girder bridgs which is 1.0 0 1.0
constructed by segmentai coenstruction @m=inhogd) cathee woderately very
unisportant japortant fsportant
0.5 [ X 6.5
Table 4 Relationship Table of Superstructures and B v i v B v
. 0.2 0.4 0.6 ¢.2 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.3 1.8
Construction methods (In case of steel
superstructures) ", s, “,
1.¢ .0 1.0
poor fate cood
Superstructure STEEL SUPERSTRUCTLRES
types
girder | box girder | orth] truss tangar tohss 0.5 .5 2.5
Comstruct ion
meihods smp | cont f simpf cont | deck | simp | cont Jup.d] th¢]up.¢jht.dfth.d| arch
Staging method - I . ,
- “Hol-]- v . , . i
Gith cavle crane clolojololofa <) ofo 2 0% 0e ot vo BAP A oo ot
-withstifflegdecricki =~ [ O ajfofoloe|l O]l -{-V-{-1-1-
u
- with floating crams - -jojojlojecloli-t-j-)-4-10 e ’
Cadle crane motnod al sl - - - I @1 - -1 9] @ very gaod
Cable erection maethad - - - - - - - kel @ @ @ A -
rmtion cusmetos JOJOloOlolo] - R - N A Fig.5 Weight and rating membership
fushing out methd function graphs used in this
Suitherectiontruss | - Ol -fTololof-1-jo]-]-1a}x«
. paper.
- with erection nose Liele |9 - - - - - - - - 0.2 0.4 0.6 0.8 1.0
ol -t-1-1-1-1-1-}|eoi- ol
Table5 Rating and weight table,
- -fojo]-]o -1-t-1 - -
-lo|-{2f0] - Do e A e e Judgement Weight Ratings for Ratings for Ratings for
Larae block method factors Alternative 1 Alternative 2 Alternative a
~ th truck o ejafelap~t-|-1-1-1-1-1-1-
S with §loating crame - - ololo ol o - A ~tolala ai W it T2y It
az w2 Ti2 rez ... rne
wnere @ very good O good A Fair X p00r { = pot censidert
5 =) simpie spam cont - continuus Span ord ¢k = ortnotropic deck bradge
wn.d - upoer deck th.d - through deck ht.d -> half through deck . - . - .
{Mote :ogircer of box @irder refer to “plate girder 3 " bridge .and . an '™ TiN ran TN
arch refers to “arch system”™ bridge 3uch 35 Tied.Braced spordrel.and 01id spendre! arch beidas)

b) Determine a list of ranked alternatives

After obtaining a set of appropriate alternatives from step (1), the system ranks each alternatives with

respect to engineering judgements by means of “ranking method”, For instance, superstructures are

ranked with respect to main span length (economic span length) , girder depth, appearance, maintenance

and etc., as shown in Table 2, and construction methods are ranked with respect to site geometry, site

environment, superstructure types and etc,, as shown in Table 3 and 4. The term “very good”, “good”,

40s




Application of Expert System in Bridge Superstructure Selections 53

“fair” and “poor” in Table 2 to 4 are linguistic statements obtained from bridge engineers when they
evaluate the alternatives with respect to the judgement factors which are called “rating”. These rating are
represented by fuzzy sets. After all alternatives are ranked, the system gives a list of ranked alternatives
which is in descending order. /

(3) Ranking of alternatives by ranking method

Let A, A,--- An be the set of m alternatives and q, a,---, a, be the set of 5 judgement factors (see
Table 5). Then for a given alternative 4, the relative merit of judgement factor g; is denoted by a rating
4. The relative importance of each judgement factor is denoted by a weight w, for judgement factor q,.
Then alternative A, receives the weighted average rating :

i'n W;Ti;
n:"‘ni ............................................................................................................ (1)
2 w;
Jj=1

This weighted average ratings induce an ordering of the alternatives A, A, An.

In this approach it is assumed that in practical situation allows for an exact numerical representation of
the ratings and weights. However, if the weight and rating are expressed as fuzzy sets, then the fuzzy
rating to judgement factor g, of alternative 4, is characterized by membership function 4, (r;;) where
7€ R.

Similarly, the relative importance of judgement factor g, will be a fuzzy variable as well, characterized
by pey; (w;) where w;€ R. All membership function take values in the closed interval [0, 1], all fuzzy sets
are normal and have finite supports. The rating and weighted membership function are ., (r,) and
1wy (wy), respectively which can be obtained by asking expert to give his opinion. The rating and weighted
membership function graphs are assumed to be triangular graphs as shown in Fig.5. For the ranking of
alternative A, by using fuzzy sets, the method which is presented by Baas and Kwakernaak'® considers the
function g,(z) . R”™—R defined by

i‘: W;Tis
gi(z)ZHn7=7. Fo= oo I vereeeeen e (2)
2w
i=t
where z=(w; -, Wy, i, ', 7). Define the membership function s, (z) by
ﬂzi(Z):[ -/=11 ﬂw,—(wj)] A [/:1‘ ﬂm(rij):, .............................................................................. (3)
Through the mapping g, : R*—R the fuzzy set z, induces a fuzzy set R, with membership function :
uRi(T)zzsg}z; ﬂzi(Z), TP R et e e e e (4 )

This membership function characterizes the final rating of alternative 4,. After all final ranking graphs
for each alternatives have been obtained, the next step is to arrange these fuzzy sets according to their
ranking graph. The most direct approach to determine which alternative should be selected is by visual
comparison of the final ranking graphs by the decision maker.

Now, the “ranking method” and how to compute the final ranking graph are explained. However, it found
that the computation of the final ranking graphs by using the continuous membership function graphs as
shown in Fig.5 is not suitable for computer application. Hence, this paper uses a method presented by
Yuen-Yee and Bayliss'?, which discretizes the continuous graph into discrete graph (or step function
graph) . This method is suitable for computer and give nearly the same result as by using continuous graph,
And this paper considers ranking order of the alternatives by means of the centroid of the area under the
final ranking graphs,

To explain how to find the final ranking graph by using discrete graph, let we see at the following
example,
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Table6 Rating table of two- construction methods Table 7 Lower. and upper endpoints of
in example of section (3). the discrete graphs for grade
- - N - value “17.
Judgement Weight Ratings Ratings
factors for ¢, for Cz
Variable Lower Endpoint Upper Endpoint
al very important{w ) good(ri1)  fair(r2:)
Wi 0.9 1.0
a2 rather unimportant(wz) fair(riz) good(rsz) W 0.1 0.3
T 0.7 0.9
rie 0.5 0.7
1.0
b i
1.0 1.0 “e
fair good
0.5 o
0.5 4 0.5
. T
; c + 0.2 0.4 0.53 0.86.1.0
0.2 0.6 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 -
:
By “y
1.0 1.0
rather very 1o
unimportant important .
I’
0.5 0.5 ®
0.5 1
w v
Tt — —
0.2 0.4 0.6 0.8 1.0 0.2.9.4 0.6 0.8 1.0

Fig.6 Discrete weight and rating membership .

function graphs.
(b) continuous

Fig.7 The final ranking graph of two construction methods

in example of section (3).

Example : Suppose one wishes to rank two construction methods C, and C, with respect to two
judgement factors g, and @, which the relationship between two construction methods and two judgement
factors are tabulated in Table 6. For simplicity, let consider only construction method C,, and weight and
rating membership function graphs of C, in Fig. 5 are in the form of discrete graphs as shown in Fig, 6. Now
a method of computation is given as the following steps.

Step] Determine the largest grade value among all the ), and r,; membership function graphs. And
search for the upper and lower endpoints of the w, and r,; values in the membership function graphs that
give a grade greater than or equal to the largest grade value found in this step. In Fig. 6, the largest grade
value is 1 and the upper and lower endpoints of the w, and 7,,, giving this grade value, are shown in
Table 7.

Step 2 Compare the value of 7,; to determine whether the maximum or the minimum value of 1y, should
be used in finding the maximum of g (z)ineq. (2). Here, to find the maximum of g (z), the value of w, w,
i, and 7,, must be equal to 0.9, 0.1, 0.9 and (.7, respectively,

Step3 Calculate the maximum of g (z). By substituting values of ), and r;; obtained from step 2 into
eq. (2).The maximum of g(z), equals to (.88, can be obtained.

Step 4. Do step 2 and 3 again-to find the minimum of g (z). In this step, the minimum of g (z)
0.65, is obtained.

Step 5 Set the upper and lower endpoints of the interval of the final ranking graph that gives the largest

equals to

s

grade value by the maximum and minimum of g (z).
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Table 8 Data for example 1,2 and 3.

Judgement factors data for example 1 data for exampie 2 data for example 3

- bridge system cont i ruous spen cont irucus span simple span
- bridge geometry straight bridge straight bridge straight bridge
- main 3pan length 19t - 158 m 151 - 200 m 7%~ 10m
- girder depth 3.6-450 unknown 05 -15m
- truse beight unknown unknown unknown
~ arch rise unkoown 31 -3HBm 1 =-15m
- bridge geometry (in elevation) high level bridge high level bridge fow level bridge
- bridee site river area ravine area metropolitan area
- congider ease of mainterance wes (very important) ves (very important) ves (very important)
- consider ease of fabrication yes {very important) yes (very important} yes (very important}
- consider appsarance yes (very important) ves (very important) ves (very important)
-~ working area under the bridge is

available yes o ves
~ it is possidle to place temporary bent no - o
- truck crane can be entered into working

area - - -
- there is a fabrication yard near site yes - ves
- floating crane can be entered into

working area yes - yes
- A cable crane can be installed - - -
- there i3 a working space at the one or

both end of the bridge - ves.
- some pact of span can place temporary

bent - " -
- cable equipment can be installed - $os -
- truck {or floatimg) crane can be entered

into that part - - -
« construction in valley area or the like | no yes (very important} no
- construction on soft ground no o o
- consider method that possible work in

rarcow working area yes (rather unimportant) no yes {mederately important)
- consider rapid construction yes (moderately important) | yes (moderately important) | ves (moderately important)
- consider multi-span construction no no no
- consider methed that minisal disturbance

over existing teaffic yes (very important) ] ves (very important)
~ consider ease of construction yes (very important) ves (very important) ws (very important)
- consider ¢conomic method yes (very important) yes (very important) yes (very imporiant}

Table 9 Results of the expert system selection {given in descending

order),

example 1

example 2

example 3

SEGHENTAL BRIDGE (.8@)
by precast cantilever

method (.78}

ORTHOTROPIC DECK BRIDGE(.82})
by large block method

with floating crane (.82)

CONTINUOUS TRUSS BRIDGE(.45)
by iarge block method

with flosting crane (.82)

CONCRETE ARCH BRIDGE (.81)
by cast-in-place cantilever

method {(.83)

STEEL ARCH BRIDGE (.69)

by ceble erection melthod (,81)

HALF-THROUGH LOHSE BRIDGE (,65)

by ceble erection method (.81)

THROUGH LOHWSE BRIDGE (. 70)
by large bltock method

with floating crane (.74)

THROUGH LANGER BRIDGE (.78}
by large block method

with floating crano (.74)

STEEL BOX GIRDER BRIDGE (.62}
by cantitever melhod

with flosting crane (.70)

Note

The number in ()

is the centroid of the aresa

under a final rating graph

after analyzing your

initiai datz.Expert sysiem makes

the following conclusions in cescending order of suitadle

bricge superstructure:

Alternative 1:
SEGMENTAL BRIDGE (.38)..constructed
by precast cantilever method (.78)

following.

Step6 Search for next
and do
step 1 to 5 again, If largest

largest grade value,

grade is equal to (), compute
the centroid of the final rank-
ing graph. Referring back to
Fig.6, the next largest grade
is (.5 and its maximum and
minimum of g (z) are 1.0 and
0.53, respectively.

Fig. 7 shows the final rank-
ing graph of C, which the
centroid of area under the
graph equals to (.8. This
value is the same value as by
using continuous graph shown
By the
same method described above,

in the same figure,

the final ranking graph of C,,
which its centroid equals to
0.6,
From the result, it is found
that the centroid values of C,
is larger than of C,. There-
fore, C, should be selected.

can also be obtained.

3. EXAMPLES
APPLICATION

OF

In this section three exam-
ples of using expert system in
bridge selection are presen-
ted. The data used in the
selection of each example is
obtained from respective site

of three existing bridges as

shown in Table 8. Detail of each example is summarized in the

Example 1 : This example attempts to select a bridge for

The

With the following ressons:
The superstructure is ...

- good for main span length of 151-208 a.

- very good
- very good
- go0d when
- very good

by rule 82

for girdsr depth of 3.6-4.5 m. by rule 66

when csnsider ease of maintenance by rule S1
consider ease of fabrication by rule 82

when consider appearance in civer area by rule &3

The construction method is ...
- good for high level bridge construction by rule 87

- good wubea

consider msthod that possible work in narcow

werking arsa by rule §8
- very good uhen consider rapid construction by ruls 89
- good when consider method thai minimal disturbance over
existing traffic sy rule 99
- gaod when consider ease of construction dy rulz 53

- good when consider economic method by ruie ¥

- very good

for construction of the above Suparsiruciure

by ruls 119

Fig.8 Expert system reasoning for example 1.

existing Hachinohe bridge'”, as a comparative study.
existing Hachinohe bridge is a 3-span continuous orthotropic
deck bridge constructed by a large block method with a floating
crane. Its spans that are 100.4-4165. 0+100. 4 m and require
construction method that can minimize disturbance to ship
passage.

Example 2 : Similar to example 1, but its selection is for
existing Sototsu bridge'”. The existing Sototsu bridge was

design as reinforced concrete arch bridge which was con-
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structed by cast-in-place cantilever method. It has spans of 34.0-+170.0443.0m and crosses over
estuary where it is difficult to place temporary support and designer needs the bridge height for clearance
of about 33 m from sea level.

Example 3 : This example shows the selection of the existing Ishimori bridge which was constructed in
metropolitan area. It is a through deck lohse bridge with span of 77.6 m and arch rise of 12 m. Since
working area under the bridge was not available, then the bridge was constructed by large block method
with floating crane.

Based on the above conditions, the system presents its conclusions in a list of ranked alternatives as
shown in Table 9 and simple reasons of its conclusion as shown in Fig. 8. From the results in Table 9, the
system can select the same type of alternatives and ranking order in example 2 and 3 but difference in
ranking order for example 1. It is because the system does not consider economic, which is the important
factor in selection of that bridge. In example 3, it is found that the centroid values of the first two
alternatives are the same, which makes difficulties in selection, To solve such a problem, the increase in
decision knowledge is required. It is also found that the ranking results will depend on how to decide the
weight of judgement factors, In all example, the weights are decided by data from references and the
author,

4., DISCUSSION AND CONCLUSION

This paper presents the “ranking method” to solve the problem of bridge superstructure selection in the
expert system, This method is usefully used in bridge selection problem which requires to select one
alternative from the others. It is known that such a selection requires much of expert’s opinion, To handle
fuzziness in different expert’s opinions, this method employs fuzzy set to handle them. In this paper, the
membership function graphs are assumed to be triangular graphs. It has been found that triangular
membership function graphs are adequately capture fuzziness of expert’s opinions. As shown in examples,
the presented system may be possibly used for the preliminary stage of bridge superstructure selection.
However, to make it more versatile to perform the bridge selection task, the following further
developments are needed. (1) to make the system chooses the more appropriate alternatives for any site
conditions, the increase in rules, especially, rules of superstructure selection, are needed. (2) decision
knowledge used in ranking the alternatives should be increased. By doing this, the ranking results will
show more differently. (3) the membership function graphs should be directly obtained from experts,

“

And more fuzzy sets should be used to represent fuzzy ratings and weight such as “fair to good”, “not
clear” and “important”, etc. (4) the numerical economic comparision and substructure selection system

should be presented in the system.
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