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Abstract

This study was deviced to apply fuzzy concepts to pavement serviceability evaluation. An evalua-
tion model was developed based on workmanship of pavement during construction, external load
on pavement and current distress level. Five rating fuzzy sets, three weight fuzzy sets were develop-
ed based on the concept that the most appropriate balance was achieved in Gd which was established
for grading the fuzzy overall rating results. Evaluation criteria and corresponding fuzzy rating scale
were suggested. A computer program for evaluating serviceability based on the criteria was develop-
ed. The program was operated by simply typing in input data on each question and producing
output as Gd on the screen. It was possible to estimate the pavement serviceability level well
using this fuzzy-set-based approach.
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Fig. 1. Grade Distance (Gd) of an Example Fuzzy
Set.
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Serviceability Serviceability IServiceability

function of function of function of
1 Workmanship 1 Current Condition 1 Initial quality

2 Expected external
forces

3 Workmanship

2 Extemal Forces
3 Workmanship

Fig. 2. Relation of Pavement Serviceability and Ini-
luential Factors.
*Condition at Present Time.
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Table 1. Proposed Translation Scale for Fuzzy Overall Rating Input.

Rating
Main & Sub-criteria
Excellent (A) Good (B) Fair (C) Poor (D) Very Poor (E)
Workmanship
W1.CBR X230 30>X>20 20>X2>8 8>X25 5>X
W2:Density(% Max.)! X294 94>X>93 93>X2>92 92>X >89 89>X
W3:AC JMF Dev? X=0.0 0.0<X<017 017<X<034 0.34<X<£0.44 0.44<X
W4:Filler JMF Dev? X=0.0 0.0<X<0.70 0.70<X<1.35 1.36<X<1.76 1.76<X
W5:Thickness (%) X100 100>X2>95 95>X2>90 90>X>80 80>X
External Forces
P1:Age(% Design Life) X<£15 15<X<30 30<X <45 45<X <60 60<X
P2:Traffic Clags’ I1&11 III v v VI
P3:Traffic Growth(%)* X<20 20<X <40 40<X<60 60<X <80 80<X
P4:Regional Factor X<l 1<X<2 2<XL3 3<X<4 4<X
External Quality
q1:Stripping’ X=10 1L0<X<15 15<X<2.0 20<X<25 25<X
¢2:Crack” X=1.0 1.0<X<2.0 20<X<3.0 3.0<X<45 45<X
q3:Rut? X=1.0 1.0<X<£20 2.0<X<3.0 3.0<X<45 4.5<X

' X=(Average field density/MTD)X 100,

X =Deviation of 3 test average from JMF for AC (%) for surface mixture.®¥
*X=Deviation of 3 test average from JMF for filer (%) for surface mixture®"

*X=(Avg. thickness/design thickness)x 100.

" Given by the Aspbalt Institute "

fX=100[(1+1r)"— 1], where, r=average annual growth rate and n=number of year.
=(C+F)/2; value of coarse (C) and fine (F) aggregates stripping.®'"
X =(S+DV/2; value of severity ($) and density (D) of each distress.(Table 2)
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Table 2. Stripping Values of Coarse and 4. HX|4E O)gDH ZAHEI|
Fine Aggregates

Aggregate Value Definition 4.1 HX|Mel AX
1 Less than 10 % stripping OfAHE ¥Fo) gL BHAEFE S0
Coarse (C) 2 10% - 40% stripping A feirtA g i '}T' UL °]F oW HER
3 More than 40% stripping TS 5 Aok & ‘~770“ M olE Held 8k

{2 A48 o471 i=1 RE 0 7AA B3
o7 4ol $7UE UehlE P52 ST
7] n % 9 10, 11, 12, 13 $o] <ULk
EE o] FE AALE 74 Hojo advh} A
sl WA AR 71 - AEEIFSE

1 Less than 10 % stripping
Fine (F) 2 10% - 25% stripping
3 More than 40% stripping
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Fig. 3. Fuzzy Sets for Weight H, M and L.
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Fig. 4. Fuzzy Sets for Rating A, B, C, D and E.

Table 4. Gd Values from Fuzzy Overall Rating

;ﬁ;ﬁ oA B C D E
H 900 744 500 300 078
M 808 614 500 420 131
L 761 550 507 436 194
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Table 5. input Data Collected from a Highway in 1982,

Main Criteria Sub Criteria Data

CBR -
Density Ratio to MTD 955-96.2 (%)

w AC JMF Deviation Deviation=:0 from Specification Limit
Filler ]MF Dev. Deviation=0 from Specification Limit
Thickness Design Value=5cm
Age % Design Life=4/10X100=40%

p Tratfic Avg. Daily Traffics==5516 (trucks-+ buses, 1992)
TGR Avg.=(~0.8+26.8-+284+18.1)/4=18.1% (1989 — 1992}
Weather RI=25 (Estimated)
Stripping i less than 5%

Q Crack 1pgh=m, 2 =8, 3 =8
Rut 1 pgl=m, 2 i3h=g, 3 4=

1 #2F=137-139.25Km, 2 F{I=1675—172Km, 3

— ]30 —

F{r=188.6-192.0 Km
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Table 6. Input Values, Rating, Weight and Result (Gd) of Overall Rating.

Main Criter. Workmanship External Forces External Qual
(Weight) L (H) (M)
Section | Year Gd
Sub-Criter. | W1 W2 W3 W4 W5 P1 P2 P3 P4 Q1 Q2 Q3
(Weight) (=) B ®H H o) H H H M L H
0 Value 360 O 0 90 35 IV ~ 25 1.0 3 3 592
Rating - A A A C C { ¢ A C C
- 2 Value - 960 0 0 90 55 V 395 25 10 3 3 b7
o Rating - A A A C D D C C A C c
4 Value - 960 0 0 90 75 VI 945 25 10 3 3 4.68
Ratng . - A A A C E E E ¢ A C C
0 Value 962 0 0 9 35 IV 25 1.0 2 2 641
Rating - A A A B C C C A B B
927 2 Value - 9.2 0 0 95 55 Vo395 25 10 2 2 586
t Rating | - A A A B D D C ¢ A B B
4 Value 9.2 0 0 95 75 VI 945 25 1.0 2 2 535
Rating - A A A B E i E C B B
L
]
0 Value ‘ - 955 0 0 8 3 IV - 25 10 3 35 576
Rating | - A A A D C ¢ - C A C D
357) 2 Value 955 0 0 8 55 V. 395 25 10 3 35 545
37271
) Rating | A A A D D D C C A C D
4 Value ~ 955 0 0 8% 75 VI 945 25 10 3 35 4.02
Rating A A A D E E E C A C D

FRE7t vol 4FE L& Fosta Al
Ko skt

4.4 Zo 9 1

RE ZNED Byl 7o 485 H M 55
Le #9g o 210) W& Gd 7o) ¥sHE Fig 69
Ho S T1goel A .1?:—01 ¥ 71Fd H7E A

AHAG w b, Weda 2 oapo)g mgond
M3} Lo o1 1}0]/} Azl Zo] E9luh =8

HE AF W& tﬂ! Gd7F Mo} L& A4S det
HurzEow e g8 Hol Gd ghol FEE A
# Gee e Ae sk zEla &270)9

F13# 54 -1993%F 11 1

£ 1780l 27003 Gd7h MRak A Egtot Lol
A9 Aslehi 2, ad Foll 273k0) AU EA
et ol Al 2740e] WS 4 Aol
79lsk: Aow moAn, Le] e 277te] WA
iirl'/}-&i} ﬂ,z- =5l Aol Bt AE:Fo] Eojzl

<

3 J ] /;ﬂ r:d

% 1 4 g Aol wet 2 vt
Ak} wistell e 84 HrHE F3ske] dojxl

Gd 111&0! Table 694 F0] JL} 197+ Gd 5511'0] ;’57'
592004 4] % 4685 1.24 AdpE QL 2980
6420041 5358 1.07, 37-7H2 575904 40208

1.73 Asbs|gict olgpzte WIE WA ALE §

- 131 —



-
o

©
sl \___‘
&
Rl N
(?) 6r ~
o ~
= - —— ]
g4 S/
g e (- yr(Gd=5 92)
o 2r - - 2.yH(Gd=5.52)
) = 4-yr(Gd=4.88)
o . A A " . . s
1 2 3 4 5 6 7 8 9 10 11
Domain Element
10 7~
N
5 st N
[« ~
% = - BN
&5 6 ~
‘(5 P N
@ “r
1<) e O-yr(Gd=5.41)
8 20 - 2-y1{Gd=5.86)
e oo 4-yr{gd=6.35)
o , . " . .
1 8 7 8 9 10 11
Domain Element
10
§ 8f
g N
-—
(?J 6 ~
—— ~
S RN
g 4T o
g e O-YI(Gd=5.56)
a 2F - = 2-yF(Gd=5.22)"
. - . 4-yr{Gd=3.96)
o + . : =
1 5 6 7 8 g 10 1t

Domain Element

Fig. 6. Change of Fuzzy Membership Functions for
3 Sections by the Time.

Table 7. Example of Standard Serviceability
Based on Gd.
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