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Fig. 2. Membership functions for input
and output parameters used for fuzzy modeling.
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Fig. 3. ANN model architecture.
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Fig. 1. The fuzzy logic modeling process.
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Table 1. A random selection of 20 rule sets
from the total 108 sets
VL, very low; L, low; M, medium; H, high .

Slg0 (Sl ¢ 32 ¢l poe H



Slg0 «SlSo 130 <3y E

[8] EE Radjy and D.W. Vunic, Heat signature testing of
concrete. In: Proceedings of Structural Materials
Technology-An NDT Conference (Atlantic City, NIJ,
1994), Techomic Publishing, Lancaster, PA (1994), pp. 8-
15.

[9] S. Tsivilis and G. Parissakis, A mathematical-model for
the prediction of cement strength. Cem. Concr. Res. 25
(1995), pp. 9-14.

[10] C.E. de Siquera Tango, An extrapolation method for
compressive strength prediction of hydraulic cement
products. Cem. Concr. Res. 28 7 (1998), pp. 969-983.
[11] S. Akkurt, S. Ozdemir, G. Tayfur and B. Akyol, The
use of GA-ANNs in the modelling of compressive
strength of cement mortar. Cem. Concr. Res. 33 (2003),
pp. 973-979.

[12] M. Sebastia, I.LF. Olmo and A. Irabien, Neural net-
work prediction of unconfined compressive strength of
coal fly ash-cement mixtures. Cem. Concr. Res. 33
(2003), pp. 1137-1146.

[13] G Fa-Liang, A new way of predicting cement
strength-fuzzy logic. Cem. Concr. Res. 27 (1997), pp.
883-888.

[14] European Committee for Standardization (CEN),
Methods of testing cement: Part 1. Determination of
strength, European Standard EN 196-1.

[15] J. Jantzen, Design of fuzzy controllers, Technical
Report (No:98-E864) Department of Automation,
Technical Univ. of Denmark, 1999.

[16] Z. Sen, Fuzzy Modeling in Engineering, Class Notes.
, Civil Engineering Faculty, Istanbul Technical University,
Istanbul, Turkey (1999) (in Turkish) .

[17] GJ. Kilir and T.A. Fogel, Fuzzy Sets, Uncertainty
and Information. , Prentice-Hall, New York (1988).

[18] B. Kosko, Fuzzy Thinking: The New Science of
Fuzzy Logic. , Hyperion, New York (1992).

[19] L. Zadeh and J. Kacprzyk, Editors, Fuzzy Logic for
the Management of Uncertainty, Wiley, New York (1992).
[20] EM. McNeill and E. Thro, Fuzzy Logic: A Practical
Approach. , Hyperion, New York (1994).

[21] T. Munakata, Fundamentals of the New Artificial
Intelligence: Beyond Traditional Paradigms. , Springer-
Verlag, New York (1998).

[22] Z. Sen, Fuzzy algorithm for estimation of solar irra-
diation from sunshine duration. Sol. Energy 63 1 (1998),
pp. 39-49

2 s Yo 5
Sedat Akkurt

Mechanical Engineering Department, Izmir Institute of
Technology, 35430, Izmir, Turkey

Gokmen Tayfur

Civil Engineering Department, Izmir Institute of
Technology, 35430, Izmir, Turkey

Sever Can

Materials Science and Engineering Program, Izmir
Institute of Technology, 35430, Izmir, Turkey
Received 22 September 2003; accepted 12 January 2004

55 ana®s -0

Olomey ) YA gl s g ) 5kate 4 (650 sl JUe S5
Al e 3 ealinad 350 (639)5 Gloaebly il s Ay
(Blaine) g ,o «>ls 5 total alkali,SO3,C3S Joli aJss
Al e

o Slas SIS S ail3 J 28 (sla ools (g, 5l Joe
4ol ¥ epas ee K0 Jae S sad sl
630 (@3lesSIN Al 53 (536 yils3 slo a5 sams A5 ) shite
w453 S ) 3 eslinal 3,50

S o3l oaglia)odds 0dpd Hlawas Conslie 3350 s i
S il o (51 slars aSaas e lid Je ol s 4 (002
3 Ol i 53 i g (1t (55r e onlin
b Joe 4 S (30 slas (636 Jas Sl o
e o eole Canl Ll s o 4 ogias e gla
Conlie s g sl Oloss (6l 48,2 (gla22 )8 55 o eslind
S el slhs (g )lde Lol s o)lses o (gla sslaznd
a8 45l 5 mlin s (530 s, 508 b ol Sl aS el
Ll S50

aS s o yLiS Glases 095 YA Cnglin sl Cidgn i i
e S difuzzification 4, s Prod jlu Jxs %5, 5leslicul
el b 4y 5 lin

HA NI

51 (TCMA) 42533 s (5Uo 655 il 5| S kg
S e Sz3 Sever Can BT Jb oyuils

:cl;.a

[1] HEEW. Taylor, Cement Chemistry. , Academic Press,
London (1990).

[2] D.P. Bentz, Three-dimensional computer simulation of
Portland cement hydration and microstructure
development. J. Am. Ceram. Soc. 80 1 (1997), pp. 3-21.
[3] Y.M. Zhang and T.J. Napier-Munn, Effects of particle
size distribution, surface area and chemical composition
on Portland cement strength. Powder Technol. 83 3
(1995), pp. 245-252.

[4] B. Osbaeck and V. Johansen, Particle size distribution
and rate of strength development of Portland cement. J.
Am. Ceram. Soc. 72 2 (1989), pp. 197-201.

[5] N.J. Carino, The maturity method: theory and applica-
tion. Cem. Concr. Aggreg. 6 2 (1984), pp. 61-73.

[6] S. Tsivilis, S. Tsimas, A. Benetatou and E. Haniotakis,
Study on the contribution of fineness on cement strength.
ZKG 43 (1990), pp. 26-29.

[7] B. Osbaeck, The influence of alkalis on the strength
properties of Portland cement. ZKG 32 (1979), pp. 72-77.

NG Rheas Al g Piig s
p - o B -
i - &

L} bl | T 1
T .
W, 1 (' i (L] L1
ui ' - - o 1
® § i ekl i
BT E 1. | ka v Bid 11
T 1 wul K]
= § A 1 14
i ® BT v i 5 1
" ny it -
i B &
i i ! il
i 3 o LR []
B FE y 1
» i
& iy . Y4
o ¥ W 1
- } P ¥ 5§
L} TH " ¥
i3 3
= " ' L 1
" - e 1w

5 1w AL i

- Lu 8§ .
LI i "

P ' i g

i S &

Vi NE 3
» i i
F 1 i TE]
o 0 y T
b i i i
o . T ¥ '
- 3 - w4 14
Lk 13 v i A
Wit i ¥ tal
5 i @ § i
L [ W LR " i
TR
o 4

K
i
=

T ]

= T

A el i
- -

a6

ki g e R

TR

Table 2. Testing data for comparison of the ANN and the fuzzy logic models

strength and predicted quantities by the fuzzy model.
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Table 3. Error comparisons for the two models

Fig. 4. Comparison of the observed cement
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