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Table 1 Combination of Verbal Variables on SIZE and WEIGHT

SMALL | SMALL

SMALL {MEDIUM
SMALL | LARGE

LARGE |SMALL

LARGE |MEDIUM

LARGE |LARGE

) o (w) # (u)
1 1 1
0.5 0.5 0.5
u u u
0 025 0.50 0.75 1.00 0 0.25 0.50 0.75 1.00 0 025 0.50 0.75 1.00
(a)Z-function (b) x-function (c)S—-function
Fig.1 Membership Functions of Verbal Variables
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Table 2 Membership Values for Pr and XK LARGE Table 3 Membership Values for Pr and K SMALL
2 14 %} ‘ K
% <N [0.20(0.40|0.60(0.80{1.00|1.20[l.4d0(1.60(1.80][2.00 ‘);) ~2.00|-1.80~1.6¢|~l.4v|-1.20|-1.00 |-0.8¢ |-0.60 |-0.4c |-0.2¢0| N
0.§] 0.00} 0.00| 0.00{ 0.00{ 0.00| 0,00 0.00{ 0.00| €.00} 0.00} 0.00 0.0| 0.00 | 0.0z | 0.08 | 0.18 | 0.32 0.50 { 0.68 | 0.82 | 0.92 | 0.98 | 1.00
0.6 0.08] 0.08| 9.08! 0,08 0.08( 0.08{ 0.08} 0.08| 0.08| 0.02| 0.00 0.1) 0.00 | 0.02 | 0.08 | 0.18 | 0.32 | 0.50 | 0.68 | 0.82 | 0.92 | 0.92 | 0.92
Pr(0.7} 0.32] 0.32| 6.32] 0.32] 0.32{ 0.32 0.32] 0.18] 0.08| 0.02| 0.00 Pr{0.2{ 0.00 | 0.0z | 0.08 | 0.18 | 0.32 | 0.50 | 0.68 | 0.68 | v.58 | 0.63 | 0.68
0.8} 0.68| 0.68| 0.63{ 0.68{ 0.68| 0.50} 0.32{ 0.18| 0.08 0.02| 0.00 0.3} 0.00 | 0.02 | 0.08 | 0.18 | 0.32 | 0,32 | 0.32 | 0.32 | 0.32 | 0.32 | 0.32
0.9] 0.82| 0.92§ 0.92] 0.82{ 0.68-0.50{ 0.32] 0.18] 0.08) 0.02| 9.00 0.4( 0.00 { 0.02 | .08 | 0.08 | 0,08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08
1.0( 1.00} 0.98 0.92) 0.82| 0.68] 0.50| 0.32| 0.18] 0.08} 0.02} 0.00 0.5/ 0.00 { 0.00 | 0.00 | 0.00 | 0.00 { 0.00 { 0.00 | 0.00 | 0.00 { 0.00 | 0.00
Table4 Membership Values for Pz and K MEDIUM
= [
‘k«, “2.00|-1.80 |-1.60|-1.40|-1.2¢ |-1.00 {~0.80 |-0.67 |0.40 |-0.20| N |[+0.20(+0.40|+0.60 [+0.8¢ |+1.00 +1.20 |+1.40 |+1.60 [+].80 |+2.00
0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | .00 | c.00 | 0.00 | 90.00 | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 } 0.00 | 0,00 | 0.00 | 0.00
0.1 {0.00 | 0.02 ) 0.08 | 0.08 ; 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | .08 | 0.08 | 0.08 | 0.08 | c.08 | 0.08 0.08 | 0.08 | 0.08 { 0.02 | 0.00
0.2 [ 0.00 | 0.02 { 0.08 [ 0.18 | 0.32 | 0.32 | 0.3z | 0.32 | 0.32 | 0.32 [ 0,32 0.82 | 0.32 | 0.82 | 0.32 | 0.32 | 0.32 | 0.8 | 0.08 | 0.02 | 0.00
P-[0.3 | 0.00 | 0.02 | 0.08 | 0.18 | 0.32 | 0.50 | 0.68 | 0.58 | 0.68 | 0.68 | 0.65 | 0.58 | 0.68 | 0.68 0.68 | 0.50 | 0.32 | 0.18 | 0.08 | 0.02 | 0.00
0.4 | 0.00 | 0.02 § 0.08 | 0.18 | 0.32 | 0.50 | 0.68 | 0.82 { 0.92 | 0.92 | 0.92 ] 0.92 { 0.92 | 0.52 { 0.88 0,50 | 0.32 } 0.18 { 0.08 | 0.02 | 0.00
0.5 ] 0,00 0_.02 0.08 | 6.18 | 0.32 | 0.50 | 0.68 | 0.82 | 0.92 | 0.98 | 1.00 | 0.98 | 0.92 | 0.82 | 0.88 0.50 } 0.32 | 0.18 | 0.08 | 0.02 | 0.00
0.6 10.00 {0.02|0.06}0.18 |0.32 0.5 | 0.88 | 0.82 0.92 | 0.92]0.92|0.92/0.92]0.82]0.68]0.5]0.32]0.18]0.08]0.02]0.00
0.7]0.00|0.02}0.08]0.18]0.32]0.5])0.68|0.6s]0.68]0.638|0c.68]0.68]0.68 0.68 | 0.68 | 0.50 | 0.32 0.18. 0.08 § 0.02 | 0.00
0.8 ] 0.00)0.02|0.08|0.180.320.32{0.320.32]0.32]|0.32}0.32[0.32]0.32|0.32]0.32]0.32]0.32 0.18 | 0,08 | 0.02 | 0.00
0.9 ]0.00 | 0.02 | 0.08 | 0.08 | 0.08 | 0.08 { 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 0.08 | 0,08 | 0,08 | 0.08 | 0.08 | 0.02 | 0.00
1.0 [ 0.00 { 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.60 | 0.00 | 0.06 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 6.00 | 0.60 0.00 | 0.00 | 0.00
Table 5 Membership Values for ggve
{a) All sizes are LARGE. (D) Al sizes sre SHALL.
%\/ Kne 'ﬂ} Kue
6.’9) -2.00|-1.60)-1.20[-0.80|-0.40] K 040} 0.80] I.20]| .60 |2.00 ‘3;«, -2.00|-1.60(~1.20{-0.8¢0 [-D.40| W 0.40| 0.80| 1.20| 1.60|2.00
0.0 0.00 | 0.08 | 0.32 | 0.32 | 0.32 | 1,00 { 0.92 | 0.68 | 0.32 | 6.08 | 0.00 0.0 0.00 | 0.08 | 0.32 ; 0.68 | 6,92 | 1.00 | 0.32 | 0.32 | 0.32 | 0.08 | 0.00
0.1] 0.00 | 0.08 | 0.32 | 0.32 { 0.32 | 0.92 | 0.92 | 0.68 | 0.32 | 0.08 | 0.00 0.1/ 0.00 | 0.08 | 0.32 | 0.68 | 0.52 [ 0.92 [ 0.32 | 0.32 | 0.32 | 0.08 | 0.00
Pr{0.2} 0.00 | 0.08 | 0.32 | 0.32 | 0.32 | 0.68 | 0.68 | 0.68 | 0.32 | 0.08 | 0.00| {P|0.2} 0.00 | 0.08 | 0.32 | 6.68 | 0.68 | 0.68 | 0.32 | 0.32 | 0.32 | 0.08 | 0.00
0.3 0.00 | 0.08 § 0.32 | 0.32 { 0.32 | 0.58 | 0.68 | 0.63 { 0.32 | 0.08 | 0.00 0.3/ 0.00 | 0.08 | 0.32 | 0.68 | 0.68 | 0.68 | 0.32 | 0.32 | 0.32 | 0.08 | 0.00
0.4{ 0.00 | 0.08 | 0.32 | 0.32 | 0.32 | 0.92 | 0.92 | 0.68 | 0.32 | 0.08 | 0.00 0.4 0.00 | 0.08 | 0.32 } 0.68 | 0.92 [ 0.92 | 0.32 | 0.32 | 6.32 | 0.08 | 0.00
0.5/ 0.00 | 0,08 | 0.32 | 0.32 { 0.32 | 1.00 | 0.92 | 0.68 | 0.32 | 0.08 | 0.00 0.5) 0.00 | 0.08 | 0.32 | 0.68 | 0.92 | 1.00 | 0.32 | 0.32 [ 0.32 | 0.08 | 0.00
0.8/ 0.00 | 0.08 | 0.32 | 0.32 | 0.32 | 0.92 | 0.92 | 0.68 | 0.32 | 0.08 | 0.00 0.6 0.00 | 0.08 | 0.32 | 0.68 | 0.82 | 0.9z | 0.32 | 0.32 | 0.32 | 0.08 | 0.00
0.7/ 0.00 | 0.08 | 0.32 | 0.32 | 0.32 | 0.65 | 0.68 | 0.68 | 0.32 [ 0.08 | 0.00 0.7/ 0.00 | 0.08 | 0.32 [ 0.68 | 0.68 | 0.66 | 0.32 | 0.32 | 0.32 | 0.08 { 0.00
0.8| 0.00 | 0.08 | 0.32 | 0.32 | 0.32 | 0.68 | 0.68 | 0.68 [ 0.32 | 0.08 | 0.00 0.8} 0.00 | 0.08 f 0.32 | 0.68 | 0.68 | 0.68 | 0.32 { 0.32 | 0.32 | 0.08 | 0.00
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OPTIMAL COVER THICKNESS OF CONCRETE SLAB TAKING THE
FUZZINESS OF NATURAL CIRCUMSTANCES INTO CONSIDERATION
Ken KOYAMA, Tatsuya ARAI and Takahiro NAKAYAMA

Concrete structures in the natural circumstances are going to detoriorate gradually,
affected by carbonation (neutralization). The possibility of corrosion of reinforcement
steel is considered to be significant when carbonation reaches its cover thickness. Also,
the carbonation velocity of concrete is much affected by the natural circumstances. In
this paper, to estimate the optimal cover thickness which contains the lifecycle term,
the concept on reliability based total cost munimum technique is used. Furthermore, to
evaluate the ambiguity of influences of natural circumstances that affects the carbona-
tion velocity, fuzzy algebla is adopted.
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