Rz sy gEpsd

National Cheng Kung University

Department of Transportation and Communication Management Science

Master Thesis

SRR BRI E IR INFRRE IR T RE

An Evaluation Framework for Expressway Interchange Access

Management Using Multiple Criteria Decision-Making Method

VRN A A

do
A
s
d ~
%,
I

Student: Ya-Han PI

Advisors: Dr. Shou-Ren HU

Dr. Wei- Hsun LEE

PEAR-FRLEST

doi:10.6844/NCKU202001005



B 3L g ) K

78 3 X
NS RAGART EHEREZR AR A ERKEEEL
PG R AR
An Evaluation Framework for Expressway Interchange
. Access Management Using Multiple Criteria

Decision-Making Method

HERA RS
ARBEXERE LR ORGHKIFILEA

WXARER 2 Ll

s I 34 SR

“E%: Ih 3 B
$ % R B 100 £# 6 A 19 8

doi:10.6844/NCKU202001005



. TR E ORI E LI RINEEE R AR 5P
AR R S e R T G e DI eha g F o B2 A Bk b ehE
¥ e ] *

ROBEFEAN TFAGERE G AR RZETIRG 2EF 0 F A FMAB
SRR o ) TPt > B N RERATHIEEIE D T s iER (M) R

Foo RA B ORARE S FRAREPPFERS > P LR P
2 BehE R ek L ZReDEL VR Fp§ L R FFE N GG BT o
A EE Y TR AR RO MRy TRk 2 et 0 R
PEFEORAGERREFREAOT R FF T HEFHEPAL 27 oo
RARRZ2Z Y 3R - s FEpiEL > N2 R IvE g R
§id B {6 ﬂ’** Visual Basic #% ;¢ RKyrFrheEpditaness 20 > 85
WAV AT R EA G EH S AR E LT §FIRAN AR A B
A EE N2k e AT RRARA Z DY D 6 AP RES TE O
FERH SArfre@d-gmasidappEdE B9 Lok (2) A
AHGEOKE  PEHEE G 0264 2 A AR (- ) BEBSRERF R P
i%Oﬂﬂ’éiiﬁﬁ%ﬁﬁﬁi@@ﬁ°&%ﬁi&ﬁﬁAﬁ&ﬁﬂaﬁ@
B OB R AAHEERS 0 5 0515 AREF @ SRR o R
EREE O AHEL S 0558 AR RE RF Y o T AIEREZEL > 4p
HiEL 5 0209 H 4 S AR R APEHEL 5 0.189 F 2 v dpHHEE & M hi
AR APHEL 0118 A Fx %Y » AL ERhE ARG L
503925 Fz s £ERME KIS E > ApHEL S 01060 58 0 K b4
&%ﬁﬁvﬁ%ﬂumﬁﬁmﬁﬁg@*mgﬂzmﬁ’ﬁﬁ+mﬁa%yﬁv

g

«

FEREFE RN R FE T o

3@#?2 Tk R F R PR R R A AL
R E SATH A N iR MR T R E M A KGR
%ﬁ B

% % ;Q;ﬁkﬁjg&gv‘gﬁ——;&v SR OIEH T UG st B R
#

doi:10.6844/NCKU202001005



Extended Abstract

An Evaluation Framework for Expressway Interchange Access
Management Using Multiple Criteria Decision-Making Method
Author: Ya-Han Pl

Advisors: Dr. Shou-Ren HU
Dr. Wei- Hsun LEE
Department of Transportation and Communication Management Science, National

Cheng Kung University

SUMMARY

The main purpose of the "Principle of Adding and Improving Interchanges of Expressway" released
by the Freeway Bureau, MOTC is to ensure that the addition or improvement of interchanges can
achieve the expected benefits. The Freeway Bureau, MOTC plans to add a new evaluation criterion
"Sufficient Condition 8-Maintain the Operational Efficiency", but there are many factors influencing
the operation of expressway access roads, and the existing seven evaluation criteria do not have the
objective weights. Thereby, it is necessary to conduct an in-depth study to resolve the above research
questions.

This study conducts literature review and refers to the status of the access management of the new
or improved interchanges in the last decade to explore the factors affecting expressway interchange
access management. The present study applies the Analytic Network Process (ANP) in the Multiple
Criteria Decision-Making Method to calculate the weights of seven sufficient condition and the
relative weights of the access management criteria. Then, this study applies Visual Basic to build a
scoring form and investigates whether the complete and simple type interchanges will be different
by a case study. In this study, we analyzed the weights of seven sufficient condition through expert
questionnaire survey. As a result, this study indicated the weight of each sufficient condition. In the
analysis of the addition of Sufficient Condition 8, this study obtains the weights of the criteria could
affect the access management and offer suggestions of sufficient condition eight. Finally, the case
study results indicating that the design type of the interchange will affect the operation efficiency of
the expressway interchange area.

This study proposes an evaluation framework for expressway interchange access road management
by providing the weights of seven sufficient condition and the newly added sufficient condition. It is
expected to provide the expressway authority with beneficial information in evaluating relevant

application projects. The goal is to improve the overall LOS of the expressways and access roads.

Key words: Expressway interchange, Access roads, Adding and Improving Interchanges, Analytic

Network Process
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INTRODUCTION

The main purpose of the "Principle of Adding and Improving Interchanges of
Expressway" released by the Freeway Bureau, MOTC is to ensure that the addition or
improvement of interchanges can achieve the expected benefits. The Freeway Bureau,
MOTC plans to add a new evaluation criterion "Sufficient Condition 8-Maintain the
Operational Efficiency”, but there are many factors influencing the operation of
expressway access roads. Besides, the existing seven evaluation criteria do not have the
objective weights. Thereby, it is necessary to conduct an in-depth study to resolve the
above research questions.

This study aims to through the literature review and reference to the status of the
operation of the access road in the past related cases to understand the possible factors
that affect the access management of the expressway. Then, apply Analytic Network
Process (ANP) in the multi-criteria decision-making method to obtain the weights of
the seven Sufficient Conditions, and to determine the weights of the criteria affect the
access management through expert questionnaire survey. Construct an automated
scoring form by Visual Basic (VB) programming language to provide a systematic

review for the review committee examines the adding and improving interchange.

MATERIALS AND METHOD

The research methods applied Analysis Network Procedure method of multi-criteria
decision-making methods, which are mainly divided into three stages. In the first stage,
the literature review summarizes the influencing factors through an expert
questionnaire survey, to establish a hierarchical structure of interchange access road
management; in the second stage, a paired comparison matrix is applied to compare the
weight of the seven sufficient conditions; in the final stage, using Analytical Network
Procedure to analyze each criteria weight of the eight sufficient conditions. The expert
questionnaires interviewees covered experts in the industry, government agencies, and
academic research related to the expressway specialty. A total of 35 questionnaires were
distributed to the expert questionnaires, and 31 were returned. Moreover, this study uses
the VB programming language to construct the scoring form and provide sufficient

conditions evaluation and the calculation of the Sufficient Condition 8.

RESULTS AND DISCUSSION

This study analyzed the weights of seven sufficient conditions through expert questionnaire

survey. As a result, the weight of Sufficient Condition 3- Maintain the LOS of Main Line
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is 0.264, and the weight of Sufficient Condition 1- Meet the Needs of Intercity
Transportation is 0.262, which are two sufficient conditions with relatively higher
weighting. On the contrary, the relatively lower weighting sufficient conditions are
Sufficient Condition 7- Reduce the Burden of the National Expressway Fund and
Sufficient Condition 5- Provide Sightseeing Trip Service, with the weights of 0.048 and
0.043, respectively.

This study also constructs 12 criteria as a hierarchical structure, in the analysis of the
additional Sufficient Condition 8, the weight of the efficiency of the highway side is
higher, which is 0.515, in which the length of the deceleration lane with the weight of
0.558 is higher than that of the off-ramp length. In the efficiency of the access road, the
access separation is the most important, with the weight of 0.209, followed by the
frontage road, with the weight of 0.189. Conversely, the lowest weight is the corner
clearance, with the weight of 0.118. In the lane facilities, the most important factor is
median, with the weight of 0.392; conversely, the least important factor is the U-turn
lane, with the weight of 0.106.

Finally, the case study results showed that the scores of the simple-type interchanges
are lower than those of the complete-type interchanges, indicating that the design type
of the interchange will affect the operation efficiency of the expressway interchange

arca.

CONCLUSION

This study sorted 12 factors influencing the operating efficiency of the interchange
access road through reviewing related literature on access roads, and established
pairwise comparison matrix of seven sufficient conditions, obtained the weights of the
seven sufficient conditions, and proposed improvement suggestions for "Principle of
Adding and Improving Interchanges of Expressway".

In the analysis of the additional Sufficient Condition 8, this study obtained the weights
of criteria that affect the interchange access management. Then scored four conditions
with Sufficient Condition 8. The results of the study showed that the operation

efficiency of the complete-type interchanges is better than the simple-type interchanges.
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( American Association of State Highway and Transportation Officials, 2004 ) - H i § 74
Pk BHERES o doB 21 A o

Freeway

>

Major Arterial

Minor Arterial

Major Collector

Minor Collector

Increasing Mobility

Local Street

Increasing Access >

Bl 2-1 sF B A0 A = S A W)
( 78 &R US DOT, 2019 )

REER TR RO 4 % 3325055 £ 482 | (NCHRP Synthesis 332) # §

dpd AREPRREFE S G 0 ARG = BFFHTE A A0 By
i FEEM S LR R R R F T2 BT SRR LR BT ED B P A R

#E# (Butorac and Wen, 2004 ) - Gluck etal. (1999 ) % NCHRP Report 420 : Impacts of
Access Management Techniques =3F 2 ¥ ;}F’ B 3 25 fAiEiE R R BOEARGRG £
2 F S s ded 2-1 B
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F 2-1 £ R Ry p PG

Importance in

crossroad further from the arterial — crossroad intersection

Technique access Previous sources
management
Policy techniques
Establish comprehensive access code High -
Institutionalize advance purchase of right-of-way High -
Require internal circulation/site plan review High -
Design techniques

Establish traffic signal spacing criteria High Some
Establish spacing for unsignalized access High Few
Establish corner clearance criteria High Few for upstream
Establish access separation distance at inerchanges High -
Install nontraversable median on undivided highway High Many
Replace two-way left-turn lane with nontraversable median High Many
Close existing median openings High Some
Replace full median opening with median designed for left-turns .

) High Few
form the major roadway
Install left-turn deceleration lanes where none exists High Some
Install left-turn acceleration lane Low Few
Install continuous two-way left-turn lane on undivided highway Medium Many
Install U-turns as an alternative to direct left turns Medium-high Few
Install jug handle and eliminate left turns along highways Medium Few
Install right-turn acceleration/deceleration lane Medium -
Install continuous right-turn lane Low -
Consolidate driveways Medium -
Channelize driveways to discourage or prohibit left turns on ]
undivided highways High )
Install barrier to prevent uncontrolled access along property frontage Medium -
Coordinate driveways on opposite sides of street Low-medium -
Install frontage road to provide access individual parcels Medium -
Locate/relocate the intersection of parallel frontage road and a )

Medium -

(F# %k : Gluck etal., 1999 )
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peeb s 2R TR 44k su£ p o (Traffic Control System Handbook ) 2 3% 7 14 i@
PUT RS NP RFE SRR LRG0 o d (1) TAT RIENT T 6 G R
BRAAL DR YRS R R SRS R R (2) iR T R
el g B j:fﬁﬁb ¥ (3) 12T g g BRI o e B kR l}f};@vr‘g @ o
Bz R L T @R (4)ed F @ 2RO T B P AR A B SR i

o g d e w g2 R (Gordon et al., 2005) °

PRAOEEGARTA O ERFPFIEP TR ESES A ANEZER AR o F B LY E

SpEA I BRI F BT E O i

e
&
AN
¥
&
‘E
RS
»
<l
(i
Ny

&

KE
FRAEERE AU RF S S H L6 D i 5 EF e il R
SRAL AR

A kb S FRMTER A E SRS S B RE L DR S S kR

F ek %rkup:u?# Fﬂbiﬁ'gﬂiﬁ’ki IR i{f‘,ﬁ?\ xg’ll

DRI ok R TR L A E

Papayannoulis etal. (1999) #2 % 45 4! » i@ %3 I A LR & 2 M2 B 5 ik
AR BT B R 2 Bl R, VMR S E B L e R o T4k & K EE
rree L A BB L 2o Wang (2013) 4444 % i » v end SRk 2 T R <)
AT T ERFIR o R L[ T v T R S Lok SRR R o
FApE- b2 R4 61 B BE AT BN Z R AR FRE Y B 5
TR 1 1296 )3 B R AG kD 2 B BT X A ha T B E Tk B ehy FARYE S Ro

Butorac and Wen (2004 ) # 7 # I » F W37 § Ven g 2R v BFEERE 5 F 3 400

N
1
N
4

£ o e 281 4 36 BiE %Jﬁﬁﬁ_ﬁ"" - ﬁf«' =EE BoF_hE o 1"’7%; &)

ARG R ¢ (AASHTO) #7014 c12004 & 5% T 2B 2 e B v 3k3h

P-4

(BAE) FHPT U AE S GG f o BT P i B TR

.

W 8 chid G P IBEAR ¢ 6 T 5D AT S SHEdE s 1R A - S e
i

v - B RET R D L EIRE B D R i o
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22 @B E

221 =R

Gluck etal. (1999) 4 4 fobe ™ + FiT 2 i3 /B & 2B 2R en® 4 B &
RUSE L LUGREPAPAF S s TR R A g ¥ endedh o g e Bag s
BRFABRBEDIIER RGN EOI NG VA SR RS &
LEF-BEFCLETEEFE (B BEEE AR 22977 5 L RBIERT
BER > 4od 22907 0 £ R A ERIPRLNTBFLBLE LR PR 230
AOLRATY B Al H R AL (Gldeo R R AR G PR % FTend B B

i

P BTG EREER U E I R F R B PR E T ) BT FL T

Fo 2-2 RpnNiE TR EHET IR SR B Ik A FEYE
¥ % 5p A
R R F 7R
g AR
(55 km/h) (72 km/h) (85 km/h)
F- B 230 300 400
- oo wag 300 400 400
F-oBAREREEC 300 400 400
- B AR BERT 805 805 805
(F# %k © Gluck etal., 1999)
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%02-3 E BRI L R

Right mn/right out- left mm/left

Right in/right out out Signalized Intersection
Kural LUrban Hural LUrban Kural Urban
Alberta Iransportation  [#0Um 200 m Fm 2lhm FUm 20U
Alabama 1320 f(535mph) T304 5mph) 2640 £ 2640 £t
Ariz TRC 3004 3004t
Arkamnsas 3004 1504 3004t 1504t 3004t
California DMOT 125m munimum | 160m prefered  |1235m monimum 160m prefered 125m mummn | 160m prefered
Colorads DO 1 3508 mmwwm | 350f prefered  |350ft munmnam 5504t prefered 1/4 mule hikely | 1/2 mile desirable
Dhriveways provided in accordance to the AASHTO standards , no driveways withing 10 ft of an mtersection radms |
Delaware acceleration lane , decceleration lane
Florida DM 1 bolft (=3>mph)  [#40f (=4>mph) [&60% (=43) 4404 (=45 ) 15208
(-eorgia DO 3006 100£ 13208 10006 13204 660 fi
ldahe 10004& 300 & 10008 300 R 0.5mle 0.25 nule
Varies as per the desizn speed,
Ilinoiz: DOT 3004 100ft interchange type and ramp type
lnchana DOT 300-5004 100-2004 300-3004 100-2004
Towa DOT GO0 150-3004 maxinmm possible
koamsas DOT MNone Hona 13204
E1:-5004, B2 QUL 3008, UZ . [EL: 12008, B2: QUL - 1200k , U2
300ft , F3: 1504, |1506t, U3 150 £, |600ft , B3 - 4508 )|-6004% , U3 3004
Kentucky R4 :150 & U4 - 1004 , Ed - 1504 74: 1504t
Louisiana DOT 3004 1004 3004t 1004
Alaime DHO1 5004 for off ramps 5004t for off ramps Depends on speed lumnit
Alaryland 100 -1504# 5006
Alazsachuseits no access till 300 ft from the ramp
Alichizam IMJT 30048 |130ﬂ 3004 1004 300 1004
Alinnesota DO 500-8004 500-300£ 500-8004
Alizzissippa DHOL 3006 100 3004 1004t 300 1004
major : 750-1320 £
Alizzouri ! piner : HA 1320- 2640 £t
Sebraska DN T 660 minimum G60ft minmum
172 mule between |1/4 mule Int to first
Nevada DOT 300 minimum 5506t prefered  |300ft minmmmm 5504t prefered Signals signal
New Brumswick DOT 65 m ouminmim 65m mirymum

1/2 mule depending|

on speeed and

New Jersey DT 3004 100 f 300 & 100 & cyele length
New York DO 3006 100£ 300 100 & Depends on Conditions
MSova Seofia DOFT 60 m 60 m 60 m
Ohio DT 660ft Diam Int 1000f Dure It |&660£t Diam Int 10006 Dire Int 660ft Diam Int 1000t Dhre Int
15208 mom
statewide 1/2 mile on regional
Oregon DOT 13204 7506 13204 infersections hughways
South Carelna DOT 300 £ 100 f 300 1004t 300£ 100 £
South Daketa THIT bl ool 15304
Ltah DT 100m 50m 1 0m 50m 10 S0m
ermont 500 fr 250 f 500 £ 250 &
virgmaa DOV ] 3004 1004 3004t 1004t 3004t 100 £
Washimgton State DOT  130# punimum |, 300 f prefared 130f minmum, 300 prefered 172 nule
West \ irginia D] 1004 |130ﬂ EICE: |1|33ﬂ 3004 1004
W\ 13consm 1000 £ artenals | collectors/5004 1000 f artenials | collectors/5004
Woyommng DT 30048 |1508 3004 | 1506 300 & 130 £

(F 4L &k : Rakha et al., 2008 )

14

doi:10.6844/NCKU202001005



: s Prepare to merge into Merge into Move into Storage in
inside lane inside lane left-turn lane left-turn lane
Wait and then \
through lane

merge into outside | Depend on volume  [Depend on speed | Depend on speed| Depend on volume

Storage distance
Transition (Adequately for volume
Weaving distance (800 feet on two lane arterials, 1200 feet | Distance without overflow into
on four lane arterials, 1600 feet on six lane arterials) (150 10 200 feer) | through lane, typically
200 to 300 feet. Depend
on demand)

Bl 2-2 2o @ aE g R R AT B
(F A4 &Rk © Gluck et al., 1999 )

140 to 30 fect)

* % > Flintsch et al. (2008) e#7 7 ¥ E* 1 = BRI NE 2 @ B g2

HERET D ERREFEREY oW 300~ 750 F < (5 90~230 2

~—

g

IR

| ,

e

(\x

=y &
|-

)

Ge R REEBEN T B 0~300F € (X 0~90 2 ) PEL L F

ﬁE’%ﬁ.ﬁ‘E’ y gi&j;,ﬂ% fl:& 9 g:_ﬂ?}é70%o
222 BB TUER

2R " pd) k4 (Traffic Control System Handbook ) » 45 1 » % 38 %3k

I~

I AR RIDG PR IE R B IR R i 4 A E R i B L

Frz. — (Gordonetal., 2005) I >t ELZET L v B > X BEF Y £ R &7 T 10 &

P vuTNMEY o ZROFEE R > BlAcE 2-4 977 (Gluck et al.,, 1999 ) -

V= # (5% 2-1)

m s R e (20);
CLBHER (F));
Viliags (22/)pF)e
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(

%\’ 2'4 ﬁ’kf_t up,\_}.Fm‘Pl;f—Lipizx (E I"' . /é‘ R )

Tyog gk (H iz o2/ pF)

BIERH LR

(H ) 40 48 56 64 72 80 88
60 330 400 470 530 600 670 730
70 390 470 540 620 700 780 860
80 440 530 620 710 800 890 980
90 500 600 700 800 900 1000 1100
100 560 670 780 890 1000 1110 1220
110 610 730 860 980 1100 1220 1340
120 670 800 930 1070 1200 1330 1470

4% kR Gluck et al., 1999 )

—=\
%=

LA R T R EE > T30 F R R pAeT
BEOBRFRLE PR R 2P QB EE I o R

PFPEREF N FEIR ST B EE Y O P EREF G

80 T 120 §y > #F Wl E A pEE > F & 4 800 & % LRI BT FRE 0 rL R4

Ty v 72 8/ pEHURE o

Wi BRI BT AR EE S 800 2 ¢ 0 AR 120 ik E R 0 T i B

FABHE R PR > BERT DG KM 40 22/ pF o FPL R L

* o

pt ek 1335 Teply et al. (2008) w3 dp - § S E @ F ALE 50 f) % - &2 foin

ETHN10% Fla bk SR p FREF VLRI LT BT € AT D HH

BB o AR FER R MR ey EE

k_

g%'l

h\

Guinn (1978) £ 77T BFERIFETFR > R SRR (FELEH%)

HE o TR LW g b 4E¥E - Stoveretal. (1970) w3

ﬂ,
m
m**ﬁ

7 B F i

T EF AR b > B A AB AL AT ANEFS D h il B H S
il o

L agihitprr iR ’f‘?%;’b‘-‘ﬂ]@“*ﬁﬁg*’?J’%'}
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F e 3R 85 2 Ewing(1992) fe i Be 2 3 W 2 Sk S5 3041 (Feh- AT S B
EFRRULRGARECEY T E a4 B IH T RE SR T % - Margiotta et al.
(1993) #& * NETSIM B2 5is B A E V/C BT ERE F PP E > 4 83
L)) EEiop d g SRRz T FR RS BB ORORE R BT 0 Bl
R TER F R EE X o Glucketal. (1999) e 7 #F M > NE 7 2 A B L5
I AH D EFIRER R B e RETF R B E2 A e o B St B A0t 4
2.0 Ak 2-5 9757 o

h02-5 EE I SR AR A A A

T AR A (FHL A BURAL AE)
3.0 9
4.0 16
5.0 23
6.0 29
7.0 34
8.0 39

(F A &k © Gluck etal., 1999)

“/

FIFTHETRREF RN X 2P FHE T Y E R OR AT ESRARK

B

oo BAE IR0 R E BN APROT - PR B R e Rag i
2 i B8 F o Squires and Parsonson (1989) 7 7 I » £ & F i ¥ FHF
B EAECE O ded W §EF R LA A 2 T 4 B HIER > F RS a4
F %) % 40% - Flintsch et al. (2008) %7 7 © :F B~ 186 B 2 iig v ® i ey —

Ber o B AR T L 67 B ZELENET S 119 B (5 9 BT B Rk

Boo ) Ay RRdpdl o RN R T RF L 475 kiR A G 2525

CRES0~300F ¢ (H0~90 2% ) pTIOEEF L 768 H ¢ LN R

"

W44% > e e v B g 300~750 = 2 (X 90~230 2% ) HEEi T TIHE &

FE T 65% ~ BRI ELT 4 T RT 62% o
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2.2.3 &

#& & 2 jE (Corner clearance ) % & 5 Fa U &2 5 3Tend i 2 FF enped (Gluck et al.,

1999) > 4o 2-3 #75F » BP (A £ R T L & LR ﬁﬁi'}iﬁﬁ,ﬁ{» v KR AREE

PEPE o FHA R BT i F TR G G ]

|

Residential
Land Use

Commercial
Land Use

W. Tropicana Ave

Residential
. Commercial
Land Use &

Land Use

B 2-3 # & Z§ET X R
(F# %k : Xuetal,2014)

Schultz et al.(2010 )7 % pdo BT PP E F i kY o BATR B INA
F) 5 T b S iR L AR S AR A Y b i e BRSO R R BT L
RRCOP R R OFAIER F PR RORLE RRE NI Y IR A g 3
BAEERER He Vh A RRC P TRl b BT e Rl %
PHIERE ﬁ%ﬁ;ﬁﬁh e o Williamsetal. (2014) # Access Management Manual 45

Ao BT et PER RS Bl E R R d S AR A SlAehw 2R

SN

B F DN F  EEBEDER LR 0 R B PRGN FIR
AL o Xuetal (2014) #77 » # & FEEL R r @i g2 ah- AL L% > FaF

A& endl & ZFEIL G vk A FR B SR R X A EE B R AR &
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p=-1N

5

‘_:\__E.I

A

L

SR EEFE 2 ok

p

L e el & EEE PIE T 2 B iR R 6 B B

R AERE LR TUEF PR RN B R TR R AR T Y

BoeniE R o L T EAARE > AR F AR o Glucketal. (1999) #7 3 4 1

d o E EIEAL A ERODEHRFASLHONE A LG F B BT 2 E

ERER B R R

(F# %k : Gluck etal., 1999 )

P RS
2-6 # W ERINF L e

Government Unit

Collier County, FL

Colorado DOT
Florida DOT
Ingham County, MI
Iowa DOT

Maine DOT

New York DOT

Morth Dakota DOT

New Jersey

Oshtemo Township, MI

Palim Beach, FL
Pennsylvania DOT
Texas DOT
Virginia DOT

Washington DOT

Criteria
With Median:
7510 115 ft. upstream, 100 to 230 ft. downstream
Without Median:

100 to 230 ft. upstreamn, 100 to 230 ft. downstream.
325 feet from intersection for 40 mph.
7510 115 ft. upstream, 100 to 230 ft. downstream.
125 feet from intersection.
16 feet from intersection in urban area.
Suggested spacing in urban areas:
Signalized intersections - 115 to 230 feet
Unsignalized intersections - 85 to 115 feet
Suggested spacing in rural area is double the above
Approximately 35 to 75 feet from the intersection.
Sigmalized intersections:
Local - 50 ft., Collector-85 to 175 ft., Artenial 115 to
230 ft.
Unsignalized intersections:
Local - 50 fi., Collector - 75 to 85 ft., Arterial 85 to 115 ft.
50 ft. unsignalized/100 ft. signalized.
75 to 250 feet from intersection.
75 to 125 feet from intersection.
"follows AASHTO criteria.”
"AASHTO green book for corner clearances without medians.”

50 desirable, 25 feet minimum from intersections.

Varies depending on classification of road.
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224 L IERI

Gluck et al.( 1999 ) & NCHRP Report 420 : Impacts of Access Management Techniques

AF LY Al P VRS R LR EE R B LR PR B AR AR
EReDE DF i PR LR sd®m§m’muwwfliﬁiﬁ:?”M4’9W

Lit o bR > { R ehd 2B 393 A MR o v B B AR T AL
PRI ET T o ARG BT R R T (A R AR 2 B A IR
B2 ) e drk R AR I RIAIEE L AR D D 0 doB] 2-4 4T 0 1

FEMTL R hipEd 2R BRMA I BHGE FRAEHRPERM T 2 e R R

27T 1970 E AT g kBT 0 A Sl ARG OERT o E & A
RO RN Y KB 2 B &S TN G359 FRART Y

¥ 2014 & 9 7 145 ¢ Median Handbook 45 ) » 4F A R K3 6 3 1T F A

1L B2 AMERDT T Fo@ A vop b 2 < Epka R
il F ok

2. FAAE RUUFUEA IR b 5 BB BT A R BT @D AIUHIA IR § g R

ﬁ{") f«?’k if% o

b
=
3
o
9
>_L
:‘\;
e
P
(=

|
=i
P
>C‘c~
3«3
5
D
;
EoR

3. W RFIANLUEYRLG
S BT R L F i £ o
4 B EEIFE DI ARG BT Ll R e Aok e TR RE
AR T RS R T HRA T FRE o
AL E BRI HE e BB B i R B R R

U R M EREOFE BRI oy o
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Possible Added Width for

K U-Turns by Passenger Cars i TL Left Turn Lane

B 2-4 AR 2R
(F# %k © Gluck etal., 1999)

2027 FEARLE 25

, s
Al (=7 g B9 A2Hc)
FLRE T 25 ” R
., Al AR RN A
%% (%) £ (%)
Park (Virginia) 1983 - L - 6.79 4.42 -35
Arlington, Texas 1983 - - -66 - - -
New York State 1984 - - - 11.28 7.43 -34
Murthy (Rhode Island ) 1992 31 29 =7 1.11 0.94 -15
Long, Gan, Morrison( Florida) 1993 2 4 - 444 2.09 -53
Bowman-Vecellio
) ) ; 2751 1714 -38 992 642 -35
( Arizona, California, 1994

) 4487 7663 71 423 3.79 -10
Georgia )
Harwood (1995)
California — Urban - - - 39 2.58 -28
California — Rural - - - 2.13 1.15 -46

1995

Minnesota — Rural - - - 7.14 2.37 -67
Utah — Rural - - - 227 222 -2

(F# %k : Gluck etal., 1999 )
2> & > Flintsch et al. (2008) %73 @ 4} » Bilj A fR § PR T » &
AT EPOPFEF I RIAFIIAREREIBAR P enB Rl B TR0

BAE G AR NERSFE 6160 M B AR Rt e O R A 2.66
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A ERE T T B E 0~300 3 ¢ (K5 0~90 2% )4 5 X F AL E i F L 841
fop AL T s 481 BEHS T W F 300~750 F ¢ (5 90~230 2% ) F ik
Foa % T 3.66 22 1.89 o Schultz et al. (2009) 1% suffi jF AT F RA IR & 2
SRR ER AN ET O ARG T U EEB B DER S RS IRKE TR

Pl 2 I % > M1 ans2t BB (Noland and Oh, 2004 ) -
225 L

Gluck etal. (1999) & 4591 > 24 % i

=

FRLLE A Y SRS A IR

L8

i ST VRE G RN TR ADR I IF AL cHIFEIUTELR
L

© KEFRIEIBREPIE FOCHARIH G E

* BB IEPIEOAAIL DT L FEN RS E LR 0 doR] 2-5 95T

1

'

y ]

1l 1

' '

: : R

1 —— \g.\ .
— 1

O

1 ' i

: N et

' ! .

) : [\ :

4-LANES -- LIMITED VISIBILITY 4-LANES PLUS LEFT-TURN LANE -- IMPROVED
VISIBILITY

B 2-5 Z#E g ARTF L R
( F# %R : ITE Technical Committee, 1985 )

Krauseetal. (2014) # * VISSIM HH&® % » #4607 2] 2 insf 24557 1 X =
FRECSEHAETE BEY A B D DERT o Rt B 1196 - 0

LA TR B RREEEE S RE 60% -

o

S

# - Flintsch et al. (2008) s#= 3 4p 4 > 2§ & * i Pl r F 3%

F5489> m B 2R i onE R R E G 2500 IR o B ig 0~ 300 &
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(H0~90 27 )AL 2% % 3 g e 5 7.500 pEZE I v & 35 300~750
(590~2302 ) FEFR| I 2620 %M 65%; F =S " i chfFinT o
FEHLA T iE 0~300 3 ¢ (5 0~90 2% )FMA it 2L ehdE ks 439
FEAE D T B 300~750 F 2 (% 90~230 2% ) FEF R D 2130 K 50% 0 F

11%513-‘_,.79‘»}; iﬁ«ﬁ-ﬁ?lﬁﬁ"‘f DAY ’i\f‘t—f’ ﬁ' " o

226 witd g

STRCHRIEF AFEOE 2P oI R @ AT LD

(o)

P AR - BEL RGP IR 2P b
FRRAFS F IR * I ZRBPCPHIRANEREE > VAR R & H#
B PR gRERE; MR E VAL B R 2 SR R
PENFECRIET SR LR

AN

l——x‘]’ﬁﬁiue @ﬁiﬁi /i‘n SR

g

BiE o Ao 2-6 7T 5 R TN AL MR B R eN® i S pL 3R e i i o O 2
Basitier 2o e Ao & F Vg R T ¢ R R MR gt i 2R 2 (Gluck
etal., 1999 ) - Combinido and Lim (2010) # * g i H-31#7 7 W3R > Wb fm2
I ER B R T o AL BRI E A % K U i i

4 IpP sk o

Stop Yield
s

Signal
| Signat ./
¥

\_) “Divided Highway ;@
Cross Street
Upstream (Near Side) Downstream (Far Side)

B 2-6 14853 7 X B

(F# %k : Gluck etal., 1999 )

F_L

%225 > Liuetal (2008) =% 2 if &) v &7 pFw g = 8 2 IV e IR EESE
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.~

h5 )
®

{4~

% 2FF N B RTE 140 B D Rl B s TR SRR D AR
e R F R T g TR 2 RRE ST 2 A RSN 4 109083
KRBT R 33% 0 AL - KR AR R EFeE § ERY
AL SR EFE F o ek & AR RE Udln gy RIRK B L S

£ TR o

227 4eigd i

-

Polusand Livneh (1987) # 3 dp ) » 2 fmjiled B £ M PR3 & SR I M- B

e

AR EAL A - B o d N ERAF Y RIFGRIRGFEDEF
SR BDIREFEE > F RN L HERY Rz B D S ul (7
D T RIZG U s FREURMAE R FAFIEIR) D N FE R
LR TN F A g Rl R SR B R 4

S
FREHERIVARP AT LR AR E ORF R L YL ERFE S
3

Neudorffetal. (2003 ) 7% Freeway Management and Operations Handbook A2 o

BB AS TP A R B ad P EBAEAED T ED R R
TEE R o d M@ R R ¥ R Flt AASHTO (2004 ) 22 k2R 2 _fdf B4 8 35+ ig
v BRE > MBS BERR R T TR L R T o T g
TR B & T B W TR SR DT B R T
BERAP BB A FEE o P AEE E AR B R - WA o
i % >3 5 > Flintsch et al. (2008) TAp o BREIRLT doig B iE B g

BEFOE T S A43T AR T e B e R E S 5 319 F eI Cw
F300~750E 2 (590~230% ) mtrd P2 BREHFRSF L 2640 7
R R 69% 0 F A B2 T Fw S L 203
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% 2-8 AASHTO 2 NCHRP Project 3-35 #4vif 2 i £ B @& %

% SRR g hE B EhCLER (27)
(22/)p) AASHTO NCHRP Project 3-35
80 150 500
96 280 510
112 400 750

(F#L %k : Bared etal., 1999)

228 #Fik

Nolandand Oh (2004 ) /i % 7 &k p &flgE ¥V F @ 2L > FR 4% (HSIS) o

B A SR PR BE A E B RR T E AR E = A B )

B# o Flintsch et al. (2008 ) #-if &:f & s s 5 = fAdps] > A6l Fed B ~ o

rdE A e BE N @ g g e i 0~300 # ¢

(90~90 2¢) p o g

R B s Fer b e B 2 RS e w s 7.854653 22260 7 U

oy B EAR s B FARR o A EEALI T W 300 ~ 750 B ¢

DN E ST ¥

(% 90~230 =

R A MFT R 327~ 245 21 1.48 5 4o B 2-7 #1F o

Crash Rate Access Accidents per # of Lanes
60

. ¢ 2lanes
3 50 m 3lanes
= 4 lanes
N~
",.l‘ 40 + . 5 lanes
[ = +*

6 lanes
2 30 *
E ** e & lanes
3 204 ¢ —— 300 feet
® *
= —a— 750 feet
= X
@ 104X 990
o " 1320

BB
o«W,.m:H. X T
0 02 04 06 08 1
Distance to the first access (miles)

B 2-7 & if #oen®E
(F#L %k : Flintsch et al., 2008 )
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229 MEFE

X

MR R IT S - Bl RE PP VR SR RE RS RO F B
B RgRaE T 2Bl FEF JIN RS R R AR F IS MR
IR E R R g 2 PR R U RE R Y AR FE s TR

#TY R R i -

Wiy

Gluck etal. (1999) 4781 » AIRF BT B A nif &1 3 h S0 & - Az o 1
fRL B EE R AR Y ST R TRFEE R IV U R ORISR
Ragp gl o bgriap g LN EARERIV AT FHE e 7R ¥
g EA S - e A FETUBRERT R AR E a A MNEL PR
U AAPRR R i o R B R D RAGUAFE CRLIFAR AT

RRPE O R0 MEEREET B gl 2§ 4] - Kockelmanetal. (2003) 4%+
AT o & i d B ORI A LA MR RT M A

Zhao et al. (2015) B2 7 — f&¢ * § § & i & 40
FrRFE{FE R I A 713‘??%#9@5”"?*&?

r‘W’FL/E—"_ » rS ﬁ;ﬁ";‘}' 7o lE eid 5 ;:—t g ﬁ**%ﬁ?‘ °
2.2.10 BT =t gk

Rakhaetal. (2008) 45} > § KR A H @ SR FTEr L3R pFH> FRE
B r R 2B R T G R e A R S A
EHEAR S o

B ¥Ry ﬁ%ﬁ”’“%p-ﬁﬁﬂ”ﬁz},.@j CHEFRG R EF T 2

(Layton, 1996 ) » 13353%F7 3 4p &) » il W T LR H R

‘ﬁ)”?l

W 3 % JR R
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RS kg LRz REgr #F 0k fad i -

Flintsch et al. (2008) # F 4p 4! » 2 48T iR {8 - B P ePB T BF A 5 =
W e FERe o BY T FAMARr o EG 298 § i 2 L
HE&EFABE 5092414 7 § FEGEEG D v # 3 300~750 & ¢ (% 90~230 =

SR BT LR LT AT AU 2545160 2 2,630 i SR L @A
FHEHP £ 6 S BB o LR R I B L A R R BR A 2 P 4 b

—L‘Kﬁo

23 BiE ARRE R

231 pEIFER

Bared et al. (1999) dp 1 AME BRI RED ER  REIFE LR Y
T 4 55 B > AASHTO £ NCHRP Project 3-35 % 3 37 #Upi# & f £ B &) K3+
1L 5 4od 2-9 #75¢ o Garcia and Romero (2006 ) FEdp i i i Bag o
FL RS G E 0 RRERT 0 DR R TAZD o JEA W e F i h e T
HE ey @i d R kg o B B dhdc] £ R & AASHTO 23k e & RAPF >
@ # ¥_NCHRP Project 3-35 230 & & &

% 2-9 AASHTO £ NCHRP Project 3-35 j#:# # if £ & @Rk 3-8

B SRR FEdEERLER (D7)
(=2/)pF) AASHTO NCHRP Project 3-35
80 100 190
96 130 220
112 155 250

(F 4L &k : Bared etal., 1999)
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232 HrRFEER

Spiliopoulou et al. (2013) 45 & » & F AfdhahF & SR L HF &2 B Ao
WHRT e RN LA B D R R B E TR T F @ 2R ehR

ez £ (Yangetal, 1996)> @ v & G ¥ Pidfhi & R 7]V o 4047 247

AV UER R SRR NP ESD R R ROBE ORI ESAETEEILMR
RUMAgARAE L 22 Z /NG ZHIFENEEFEORER A DF L b4

BRI R D i 0 A ERH 4 I o B 3 U & ° Rudjanakanoknad (2012 )

pll A AR TR W A REHFES T L AT TR
Feny - B g o Ginther et al. (2012) #% 417 $5(7 fede & i el P (7% R
BB R E S LR AR E e i Ra R FE AR F R E T
R RS PSRRI IR T2 N =
e 5 EAIGS F A PR F o FIF AT R E R R AR AR

= 1= &

R LA A R R 0 =
24  FIEHRE P niE kR

A HES P ERP MRS L 2 g AT 2P R T IRE
3t 0 # %% Flintschetal. (2008) 77 *7# ! » § BB B g H @ g2 10
Fe= XA F]F > AW L DB - BEIALVEC IR S B BT (B 2RF% ) A
FIPAARL AT EE Y AT el A BRI F (e D

RIS+ RIARET ) TR

F.

AE AR B ) UE - B sEk (7
E i AL T A 22 Google Map = W & Tl 4r BT > v 4 Google Map

R AP R IR TRAZZELE  E R T REIZF

AlAv Il R IR o i3 - ERTH R RRAP R TR 0 B Ao 2-10 #oF o
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Yo | R B 4 ERTE R 3l @R F- BRGALEC R ¥ %A

1 B 1 R v B G o1 B, 02 ¢ " F
2 1 g ) Hogh4er A - 13 BT 02,500 o7 5 A Ao 480 o ° gL
3 M1 B R P XY i -t & T T o134 0% At Ao o140 2 ) %
4 B 1 e ] A AT A RATE BT o190 % Ao o170 o ) ELR
5 1 S A X el BB E g TAC-0ae =
6 | M1 | &&ning A xR B0 A e e 10 ¥
7 B3 | Ared B 467 3 eI B s T AT 420 2% 5 At o500 2 ) iR

.

2 T-LEY

9 | M3 B EE I RY 231 i FE $TNC0NT S e g 0
10 F 3 R A B AT A AR B BT v EFR M e 190 o 7 ELR
I "3 2 2 i H 2hger Al % 2 A B At e 325 ok EA
12 | W3 | v inaing Y 4] Peig D 78 EEIE T 2 %
13 | ®m3 ey 2 HEF 4 & 106 Biif BT AT o1,660 &% ;A F A 280 o ) 2 %
14 | A5 | s A+ Fae 0= B
15 6 BN 47 1) L A =3 0= R T
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%02-10 @4 - &R R iR ()

%% | R ®w LA 2R | B Pk AR BRELFEK | F- BRI
1 1 AR F ) AT o ihhE ow d B

2 | W1 o 4 i & & AR gordgnl | HPHAF
3| A\l AR 4 7 I Frow 2y B

4 | m1 LN T 4 4 o I Fror i B

5 | m1 S R 1 Ed FEY SRS B Bt B

6 | BL | &kinrimg | 37F 4R 4 FRF P LN 2R RARE | B B Tif-H R F
7 B3 | #ToTR2mg | a7 A & O IR S Feordagrt BT

8 | m3 BB i & # R w2 B

9 | M3 Bk g 4 4 & g B

10 | ®3 ® LI ¥ L d =2 (F%) BT

1| ®m3 3 2 iR L L 3 eI Rordg bl

12 | M3 | wrihing 4 £ (ol B Ay Frow by Poif 3 B
13 | ®3 ey 2 1 } ORI P B g vt BT

14 | ®5 B R 4 3 ORI eIt AL
15 | ®6 B 4 & TP AN w2 Eow b
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PR w0 MR SRR S FROVEDFNTR Y PR
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N

CoRIRE oM E BB FEFRRRIFALENTF O IR DR
W% 2B @S A A K S e Y LR FRRE ¥R OMETE
R

BE B FEA AT AP R AR MR L i

=3

AEIRERRRRREERT AL AR F o A u G D BEER SRR
FE~ AR s R s A e @ B B B SRR BoR
FBEE 0 A AR BEORRRF A AR EZ AR I FEIEE 0@
HER o

WAREA - ErE 2 i o FIR G AT AN o IR S - BRI

"

LU 2 §EdE. 55 500 o % U o FRA 5 300 2R 0 F AR R 0§ Hoad Bap W
COIEE SRR R F R B SR EE PR S 20

o Hepd gt Een AE oo

d

FIP RS 2 S R A FERPRLEFROTF > CHHFE R
vR B R RIS KBS T W s BRI - AR
Pk o AL o X AT REEE TR S L LAITRRAERZL Y o E2
SER R PR TR PR R E TR TR PR E S

AT AR E T AR RATH AR S B SR L R B 2 EEx
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YR A

AL RAET R ST S R 3R SRR S Y A T R AER
HoRFLRREARERZ FEL TG AT - BB L S HIGTR Y ik

BT E s TRREAERZ 5 SR E AL T FHE
3.1 2R3 PR R P 3

5 & ;-5 (Multiple Criteria Decision Making, MCDM ) ¢hp ehha 3t § 4
FHFROP RS FRT 73 FFFE DD E AL FT UL RS- B
EP ki FER 0 LS B A (B N~ B4 > 2004) ¢ d 5
BRI Rk L 2 FES RAREAER g A R I ok
i A B o

SHRAR D ZDRA AR F o NT B
1. % (alternative) : @ =g antdp 3 W ¥ 5 5 B> L pRFER

e
2. i &p] (criteria): ¥ TG XA RO EMAED c FEH S P FE 0 Y

PREEEM S BREGd PR k2 kA EEE A A o
3. BREE (weight): it & BER2 FehipitE R 428 -

4. =P8 (evaluationscore): 3 2 B> 2 A L BER| F endk BKE o
5. * %4 (performance) : # it & B> X FEMARRE > ViHpMEFT %

BT ER o

S RS BRI Y Sk K &A% A J5 R EALA % -ELECTRE
iz 1% TOPSIS 2 > d WA T HEH L BFPFopHE R R EFHF S
FIER2Z BT o Ft AT R AR R Z R G T h AT RERARE 2T R

Bzl o mAEFAALEELTE BELAITRRERE o
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311 KA ik

K 2% 47 ;% (Analytic Hierarchy Process, AHP ) & d % B ™ i+ § #4%
Thomas L. Saaty >+ 1971 & #73¢ B » * 3t 2 g ™ B B 5 5 08 3% 5 B Rt
WRREF 1980 & > L2 (U=t > FIH  BAF 2P 45— 10 > H SR

2 1ARAIF R
F

¥
=

i~ aEREGERD e (BER 0 2005) 0 p3E 2 )
HEZRR N gt MRS Ren TR d B K B LMK B R - R TR
FPRAES S SHPER P RO BB R TR EERATE O VT N T
% chE R 42 (3658 0 2012) < Ho (2008) 474 » AHP .4 = B % 57 - -
= & =24 (hierarchical structure ) » %ﬁﬁ“ T OB Reen S BREG R R o

5 gL R 24 47 (priority analysis ) » ;ﬁd LEREEALET UET B2 AR

AHP z_ A Az e 7 F 74 38 (BRI=ik > 2005 ; sk 5@ > 2012):

1. - BRAS A7 I7f2 5 37 5 f84F (classes) & = 4 (components) > I 3=
TS R

2. Kaipd > & - Kl 71392 3 214 (independence) °

3. FoBEPNFIFTH - Fap R AT FR R AFEREFR

4, TP v oREcE 2 R AL F 2 B (ratio scale) °

5. % = F]& & ¥t i (pairwise comparison ) {& - & * I §#EL (positive
reciprocal matrix ) &k % 5

6. muFRBE %2R % X AEAS M (transitivity ) B ¥ B TR R R B TR KR o
Blac T A BB g Co B ATLAES CIARN B B g C
SRR ABRRCAR

7. Ra Rz 2P 8B BT Flp AHP 232 Ei# 2 3 A 2
Bl:EH - &4+ (Consistency) 2R o

8. & Z i AeR - K442 (weighting principle) @ Fi8 o

35
doi:10.6844/NCKU202001005



9. MMAERBEHEY hErL F o BmE BEARARAR > BDRARG EFRTR

B Mo XTI S

ARG AN P BR O SAREFL PRSP R KRBT HELE A
i ( Thomas L Saaty and Kearns, 1985) :
1. F a4

FARMINEL P TRAIEFTLZTAL P BT G BRI T
REPM TR EFFRET O R LR R
2. ZF R BEH

B D AR R R I R RE K T o R P P AR TR EE
Fod PAT AL ARk s B K G REE 2 I 4R (goal) ¥ - K
5 R % (objective) > % = & R 5 B R & (criteria) e H? - & - k2 &3 %
I M o P {395 Saaty 2 E R - K aoE £ 30 TALE S B L E K
EHFREFIL L EAREAE R 2 SR B RIS R ERAE 4552004 )0
3. E g RUEE

AHP =G R B Ad|e & T I BER P ELE LR VHE 3
TE I ERONZGHEIE T FTHEHES 13579 L P R ROFTE B
FHe g AT BAACARROFEE @  HEP @i 2-4-6-8>F M & 2 Ao
REz2 & Ard 3-1977 o

g h 2 K R - BARRFTLERAN EFHAE AR £

n(n 1)

S Et nBE R R FEFT I B RO BRFL R L £ R

A2 N TR RIER AT 2 A H R R A 2 B L RAEE A
B R B FI TR I TR ki HE R AR Say F 2R

FREBWE oo 3 BBt 301 S o
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1 a T
L am
a— 1 aZn
A=layl] = :
1 1
- .. 1
LA1n  A2n -

w; W wq
wi W, Wy
Wy W W3
=|wi w, Wy (5% 3-1)
Wn . Wn Wy
wy W W_n

% 3-1 AHP 2 en®iz : REIP

P C R & P
X ARG FOTRRL RS LR
1 F % £ & (Equal importance ) 3
e %% (Equal)
) S T e TR - 2 %
3 i€ & (Weak importance )
 ffs (Moderately )
SRR R e B R - Xk
5 4f 2 £ & (Essential importance )
e dg 3 (Strongly)
, P s e E - 2 &
7 #% % £ & (Very Strong importance )
* {&3% (Verystrong)
, _ FERERY LEHEEE - %
9 Z4 € & (Absolute importance )
» %% (Extremely)
2 ~N 4 ~N .
6210 Ap R & g en? B e (Intermediate value) | % & 37 R @ P&
(FR &k BB ~ § W2 > 1989)
4. FEEHES e £
A2 AL RAERL A 2 (S BiE- TARIAER S TE RBDE - L F g
W BFE S RELAP L 7 @R AT Ew o dost 32 A6 e

W1 Wi W17
wi ow, o,
Wy W W
Axw=|w, w, w,, | x
Wn . Wn Wy
W, Wy w,, |
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1 (w wy W,
= _x<_1+_2+_“+_n> (5% 3-3)

5. ®Bl- R
SR RAEFREHVREFO T AZ L RAZ T wdiw s - 7
HRARRF-RERT £33 ik A5 5 - Kbl Lp ik (Consistency
Index » CI) ¥ — 5k {41t % (Consistency Ratio » CR) > @ § B 384 5 4F 2 PF > Saaty
(1980) 3% Medt * SE 447 1% (RandomIndex » RI) 34 % CI @474 4 #HCR @& >
A

MgEE - kMO RIE4-E 3-2 477 > F CR<020 Rl & F4EEED - ko> 482

Fdest 3.4 945 o

}\max_n
RI RI

4032 T i

BaCE N 1 2 3 4 5 6 7 8 9
RI 0.00 | 0.00 | 0.58 | 090 | 1.12 | 1.24 | 1.32 | 1.41 1.45

(FHR KR BT N~ 5544 > 2004)
312 A pepier iz

A 45 e .42 B i (Analytic Network Process, ANP ) 2 H_g& & 4 47 % chag @ »
SR AATRT 0 RAER O A R R AR G AR 1T A P 4P
o FP AT RRRARREE L BARE F 2L BB AoB 3-1 970 o 2R
MR F A RF 5 A Ap4p ik 2 v Af (feedback ) efd 2> * w &8 3 2 KBk
Hpehp B b R (ratioscale) BB T FE RT3 B0~ PR S kB M
R e A A Y S R AR A AT RRAE A Y B T
SRR, B2 TR AFRS L b WA ANP Y 7 2 .

AT R RARR R 7 ARER (3FF 5 clusters) ~ & 2 (nodes ; ~ &
elements)> 172 &4 (links) e - ¥E P S BFHE Y - FE PN GRG pRAw

AR A BEFZE TS IR R AT REALR 2 BK LR - 2
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PR ARERR LA RS AR RS v F - AR AR R AR RS
w4 f£2 & TP #n4p % (inner dependence) ;> % #& P $%4p & > Bl — BRI &
BLE AEIE - BRI PN SBLITX LG A RARERF oA Z R RS v
RIfE 5 T h3n4p iz (outer dependence ) ; (Diehl, 2001; Saaty, 1996) o @ &4k v 3%
WPz B R Ap ik w AR ERE i 8 A SEALE F Y B IAE SR R B R

i o

Goal

Outer Dependence

Cluster
\ 4 -l
EnEn
v,
.\.
N
X Element (Criterion)

Feedback

Inner Dependence

B 3-1 AHP %22 ANP 2 28
(F# %R : Saaty & Takizawa, 1986 )

Bt AT R EAR R ARG fe e RSP H R ARR B R B A i 4R
B0 B R AR 22 R E 2 A ROEL S PR B e 0 1
iR - MRS 0 BT 3
1. ReEd@ly

RACLRATSHY BABERTp MG ANP 2 {lr g E R A
i FEE

Reed fd SBIEtesa o E - B3Ity £ 8 et
B e B (FRAFEEZEEE RS A REEL AR EEE L G
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A 4r 8 42 & 45 'E (unweighted supermatrix )~ ¢ 48 42 % 45 'L ( weighted supermatrix )’
R AR AR (limit supermatrix ) o A e fEAERE T R 40 A B BN A E S
TR PR E S S LR A A BN - & % (component)
BER AP T E R A EELDEE (T4 4P 5~ (stochastic) >

Pt P ende JEAE AL T 5 A de AR A R LR b AL E S Sk R

b - BIERRRIT AL A BT (70 kB R R 22 S
UL s BB B R SR e B0 T E B LRE AT 52 &

HELPREL -
32 ERHREHE

R PEL T RBRBEZ 2% AT LS
BRFFER] 0 IR B A B AR SE YRR IR £ 450 S RS -
PG BT B AIRRG B g e e A P
FH S BEZRs AR RE B ME N B E R o T
BT A A A &35 R R ik o 2 MR AR R o H Y

HERRERPTF e 77 IR > & 8] 5 TR0 B R R~ 7 BRSO

_3‘%

gL FRE~ & 2FE> N E D E RGP > BE R T F T IR
AR s ZEE Y E A e B E > R B E R B ORRIE S
SEER o LRERFE N e R ER o B RN Ao 32 97T o
FRIERTRZAREIERI v P A BARRSEC & F B
RN BRI B IR R G L TS 2 L P hERit BT BEE & 4
FEE A S B G RER T SRS 2 B AIEREEE LT TP L4
Rl aERalh 2 @BEY IR AT 2 BE gz B oo @
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LR EP 2 BT G endp kB2 4o 3-3 fror o
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SHALFEREFAH RO F IR REFREA § AEFRES G TR o
Ee AR Y B - KRR R RS B RE ¥ 2§ s o Saaty
(1990) dpdi- R FE ( Consistency Ratio, CR) /] *> e &3+ 0.1 » = ¥ fx
A ERAEE 2 2 & o & Bodinand Gass (2003) 3n 5§+ 0 R 24
E_CR E /AR EN 0] 5 aFFER o 5xAF T H* CR E A& E 0.2 1F
AEERE FH PR L2 CREA 02 AR Eok £33 1 PI% - 3 7]~ 14
FREBL 7 E o AP M2 L2520 S 2~ S B Y EPE

BB X CRE £ & 7B S 2 A4 R CR E4rdk 4-2 977 o

3 42 ¢t Esed CR @4 7

B CR.E S % CR. &
1 0.108 17 0.147
2 0.440 18 0.162
3 0.298 19 1.383
4 0.313 20 0.237
5 0.140 21 0.160
6 0.189 22 0.188
7 0.380 23 0.141
8 0.548 24 0.132
9 0.140 25 1.299
10 0.086 26 0.405
11 0.042 27 0.189
12 0.105 28 0.128
13 0.420 29 0.092
14 0.178 30 0.197
15 0.340 31 0.200
16 0.182

FI*F CR Bt T2 e 11 (PR 512 > 3 »ai* ¥ 5 20 (> > ® 2k v bR
F
BEAF G AR o FRAEA TR QR LTERE Y B

PrA - RN G5 pt b o P - S ENL RGP BN o R RE R EHE D
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b4 437w RERDE AL ER (Z) BiF L MEE-LE - fpHEL 5
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k= RBEEL

A 3-1 R4 fpdsE

VKRR AR e HEIBARAOF FUPFER N GER TRIEER 8EEE BRER
Tinig E RS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
H B R RS 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HiE® @ 2 RS 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Rk B 0.000 0.000 0.535 0.000 0.000 0.000 0.000 0.000
e BgEL R 0.000 0.000 0.465 0.000 0.000 0.000 0.000 0.000
7 B iedr 0.000 0.208 0.000 0.000 0.000 0.000 0.000 0.000
S O 15 0.000 0.107 0.000 0.000 0.000 0.000 0.000 0.000
MR R 0.000 0.185 0.000 0.000 0.000 0.000 0.000 0.000
BE R 0.000 0.185 0.000 0.000 0.000 0.000 0.000 0.000
ISR R 15 0.000 0.183 0.000 0.000 0.000 0.000 0.000 0.000
B3 % = Bk 0.000 0.132 0.000 0.000 0.000 0.000 0.000 0.000
frik B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TRy 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
b iR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
SRS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
wd iy 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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A 3] A defide st (F)

PR BB TR haTEa g8y zEETE AW 2F%  eRig
LR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ll R RPES 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 2B FPEF 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
i B i 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
gL R 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
% e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
# i it pE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
LSBT BER 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Bt g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Seif B if 0.184 0.000 0.000 0.000 0.000 0.000 0.517 0.000
L 0.220 0.000 0.000 0.000 0.000 0.000 0.483 0.000
P 0.169 0.000 0.000 0.000 1,000 0.000 0.000 1.000
EFg 2 0.233 0.000 0.000 0.000 0.000 0.000 0.000 0.000
w2 0.194 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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A 392 e fEAnsE

R MR R HEFEORREF FEFEER Nr e FER ZRIER BAEE SRER

SRR R 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

g s e 0.495 0.000 0.000 0.000 0.000 0.000 0.000 0.000
RUE R ke 0.505 0.000 0.000 0.000 0.000 0.000 0.000 0.000

FiE B 0.000 0.000 0.535 0.000 0.000 0.000 0.000 0.000
vRosE R R 0.000 0.000 0.465 0.000 0.000 0.000 0.000 0.000
7 B iEs 0.000 0.208 0.000 0.000 0.000 0.000 0.000 0.000
& X e 0.000 0.107 0.000 0.000 0.000 0.000 0.000 0.000
MR R 0.000 0.185 0.000 0.000 0.000 0.000 0.000 0.000
BE R 0.000 0.185 0.000 0.000 0.000 0.000 0.000 0.000
Lie b B T RS 0.000 0.183 0.000 0.000 0.000 0.000 0.000 0.000
BT %% = 2k 0.000 0.132 0.000 0.000 0.000 0.000 0.000 0.000
fuig B A 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
e S 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A PRk e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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A 3-2 4cfidesaet ()

PRGBGSR RS HiTRS gk e B ZHERY 2 SRR S s g
RRnEECL LEE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B el Baf R 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
R SR RPCE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
kB 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
e B EER 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Eifiat A 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& & E e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HRIEE B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B EE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Bt v jEY 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ARG 13 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
beig B ip 0.184 0.000 0.000 0.000 0.000 0.000 0.517 0.000
L 0.220 0.000 0.000 0.000 0.000 0.000 0.483 0.000
AN A 0.169 0.000 0.000 0.000 1.000 0.000 0.000 1.000
B3 K 0.233 0.000 0.000 0.000 0.000 0.000 0.000 0.000
U N ) 0.194 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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A 3-3 Rl s e

R MR R HEFEORREF FEFEER Nr e FER ZRIER BAEE SRER

SRR R 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

g s e 0.485 0.000 0.000 0.000 0.000 0.000 0.000 0.000
RUE R ke 0.515 0.000 0.000 0.000 0.000 0.000 0.000 0.000

FiE B 0.558 0.000 0.535 0.000 0.000 0.000 0.000 0.000
vRosE R R 0.442 0.000 0.465 0.000 0.000 0.000 0.000 0.000
7 B iEs 0.209 0.160 0.000 0.000 0.000 0.000 0.000 0.000
& X e 0.118 0.083 0.000 0.000 0.000 0.000 0.000 0.000
MR R 0.189 0.149 0.000 0.000 0.000 0.000 0.000 0.000
BE R 0.177 0.132 0.000 0.000 0.000 0.000 0.000 0.000
Lie b B T RS 0.186 0.139 0.000 0.000 0.000 0.000 0.000 0.000
BT %% = 2k 0.121 0.105 0.000 0.000 0.000 0.000 0.000 0.000
fuig B A 0.176 0.040 0.000 0.000 0.000 0.000 0.000 0.000
e S 0.192 0.044 0.000 0.000 0.000 0.000 0.000 0.000
A PRk e 0.392 0.093 0.000 0.000 0.000 0.000 0.000 0.000
B e 0.134 0.030 0.000 0.000 0.000 0.000 0.000 0.000
g 0.106 0.027 0.000 0.000 0.000 0.000 0.000 0.000
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M4 3-3 mrligs et (i)

PRGBGSR RS HiTRS gk e B ZHERY 2 SRR S s g
RRnEECL LEE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B el Baf R 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
R SR RPCE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
kB 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
e B EER 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Eifiat A 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
& & E e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
HRIEE B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B EE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Bt v jEY 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
ARG 13 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
beig B ip 0.180 0.000 0.000 0.000 0.000 0.000 0.365 0.000
L 0.186 0.000 0.000 0.000 0.000 0.000 0.317 0.000
AN A 0.393 0.000 0.000 0.000 1.000 0.000 0.317 1.000
B3 K 0.131 0.000 0.000 0.000 0.000 0.000 0.000 0.000
U N ) 0.111 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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