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Number of nonlinear parameters 10 | Output Parameters D
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Number of testing data pairs 18 | Input Membership function type Gaussian
Number of fuzzy rules 4 | Output Membership function type Linear
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Number of nonlinear parameters

Total number of parameters

Number of training data pairs

Number of testing data pairs

Number of fuzzy rules
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26

42
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Input Parameters SF,W/C,Time
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Linguistic Label for Time Long,Short
Linguistic Label for W/C Low,High

Input Membership function type  Gaussian

Output Membership function type ~ Linear
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1-If (Time is Short) and (W/C is Low) then
D= (-0.04148xTime - 13.28xSF + 92.58xW/C - 29.25) E-12

2-1f (Time is Short) and (W/C is High) then
D= (-0.2691xTime - 68.12xSF + 22.38xW/C - 0.4747) E-12

3-If (Time is Long) and (W/C is Low) then
D= (0.4315xTime + 0.7274xSF - 42.14xW/C - 0.6124) E-12

4-1f (Time is Long) and (W/C is High) then
D= (0.06228xTime - 9.273xSF + 0.6862xW/C - 0.01168) E-12
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Number of linear parameters

Number of nonlinear parameters

Total number of parameters

Number of training data pairs

Number of testing data pairs

Number of fuzzy rules
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26

42

18

Input Parameters

Output Parameters

Linguistic Label for SF
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Input Membership function type

Output Membership function type

SF,W/C,Time

D

Low,High

Low,High

Gaussian

Linear




L High L High

0 002 004 0.06 008 01 012 03 04 045 05
input variable "SF" input variable "W/C"

YV-F-0 Jow 599,9 byl b slp cogae lgi (0-0) S

al 2 7 4 o] sy (yusled

1- If (SF is Low) and (W/C is Low) then
D= (-0.1252xTime — 84.64%xSF + 56.83xW/C — 18.14) E-12

2- If (SF is Low) and (W/C is High) then
D= (-0.3205xTime + 199.3xSF -61.45 xW/C + 43.3) E-12

3- If (SF is High) and (W/C is Low) then
D= (0.00139xTime + 2.731xSF + 48.42xW/C — 16.07) E-12

4- If (SF is High) and (W/C is High) then
D= (-0.03795xTime — 9.639xSF + 43.05xW/C — 18.01) E-12
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Number of linear parameters 32 | Input Parameters SF,W/C,Time
Number of nonlinear parameters 12 | Output Parameters D
Total number of parameters 44 | Linguistic Label for SF Low,High
Number of training data pairs 42 | Linguistic Label for W/C Low,High
Number of testing data pairs 18 | Linguistic Label for Time Short,Long
Number of fuzzy rules 8 | Input Membership function type Gbell
Output Membership function type linear
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Number of linear parameters 4 | Input Parameters SF,W/C,Time
Number of nonlinear parameters 10 | Output Parameters D
Total number of parameters 14 | Linguistic Label for SF Low,High
Number of training data pairs 42 | Linguistic Label for W/C Low,High
Number of testing data pairs 18 | Input Membership function type ~ Gaussian
Number of fuzzy rules 4 | Output Membership function type  Constant
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1.If (SF is Low) and (W/C is Low) then D=3.86E-12

2. If (SF is Low) and (W/C is High) then D= 14E-12

3. If ((SF is High) and (W/C is Low) then D= 0.2255E-12

4. If (SF is High) and (W/C is High) then D= 2.314E-12
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Number of linear parameters 8
Number of nonlinear parameters 12
Total number of parameters 20
Number of training data pairs 42
Number of testing data pairs 18
Number of fuzzy rules 8

Input Parameters SF,W/C,Time
Output Parameters D
Linguistic Label for SF Low,High
Linguistic Label for W/C Low,High
Linguistic Label for Time Long,Short
Input Membership function type Gaussian
Output Membership function type Constant
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1.If (Time is short) and (SF is Low) and (W/C is Low) then D=3.86E-12

2. If (Time is short) and (SF is Low) and (W/C is High) then D= 14E-12

3. If (Time is short) and (SF is High) and (W/C is Low) then D= 0.2255E-12

I

. If (Time is short) and (SF is High) and (W/C is High) then D= 2.314E-12

W

. If (Time is Long) and (SF is Low) and (W/C is Low) then D= 0.09854E-12
6. If (Time is Long) and (SF is Low) and (W/C is High) then D= 2.697E-12

7. If (Time is Long) and (SF is High) and (W/C is Low) then D=0.1191E-12

o0

. If (Time is Long) and (SF is High) and (W/C is High) then D= 1.102E-12
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Number of linear parameters 12 | Input Parameters SF,W/C,Time
Number of nonlinear parameters 14 | Output Parameters D
Total number of parameters 26 | Linguistic Label for SF Low,Medium,High
Number of training data pairs 42 | Linguistic Label for W/C Low,High
Number of testing data pairs 18 | Linguistic Label for Time Long,Short
Number of fuzzy rules 12 | Input Membership function type ~ Gaussian

Output Membership function type  Constant
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1. If (Time is Short) and (SF is Low) and (W/C is Low) then D = 3.412E-12

2. If (Time is Short) and (SF is Low) and (W/C is High) then D = 12.19E-12

3. If (Time is Short) and (SF is Medium) and (W/C is Low) then D = 0.1652E-12
4. If (Time is Short) and (SF is Medium) and (W/C is High) then D = 2.777E-12
5. If (Time is Short) and (SF is High) and (W/C is Low) then D =0.3815E-12

6. If (Time is Short) and (SF is High) and (W/C is High) then D =0.3815E-12

7. If (Time is Long) and (SF is Low) and (W/C is Low) then D =0.1715E-12

8. If (Time is Long) and (SF is Low) and (W/C is High) then D = 2.461E-12

9. If (Time is Long) and (SF is Medium) and (W/C is Low) then D =-0.6616E-12
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10. If (Time is Long) and (SF is Medium) and (W/C is High) then D = 1.223E-12

11. If (Time is Long) and (SF is High) and (W/C is Low) then D = 0.5969E-12

12. If (Time is Long) and (SF is High) and (W/C is High) then D = 1.031E-12
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Number of linear parameters 12 | Input Parameters SF,W/C,Time
Number of nonlinear parameters 14 | Output Parameters D
Total number of parameters 26 | Linguistic Label for W/C  Low,Medium,High
Number of training data pairs 42 | Linguistic Label for SF Low,High
Number of testing data pairs 18 | Linguistic Label for Time Long,Short
Number of fuzzy rules 12 | Input Membership function type Gaussian

Output Membership function type Constant
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1. If (Time is Short) and (SF is Low) and (W/C is Low) then D = 1.834E-12

2. If (Time is Short) and (SF is Low) and (W/C is Medium) then D = 14.39E-12
3. If (Time is Short) and (SF is Low) and (W/C is High) then D = 8.977E-12

4. If (Time is Short) and (SF is High) and (W/C is Low) then D =0.6308E-12

5. If (Time is Short) and (SF is High) and (W/C is Medium) then D = 0.9987E-12
6. If (Time is Short) and (SF is High) and (W/C is High) then D = 2.895E-12

7. If (Time is Long) and (SF is Low) and (W/C is Low) then D =0.1259E-12

8. If (Time is Long) and (SF is Low) and (W/C is Medium) then D = 2.054E-12
9. If (Time is Long) and (SF is Low) and (W/C is High) then D = 2.636E-12

10. If (Time is Long) and (SF is High) and (W/C is Low) then D = 0.2168E-12
11. If (Time is Long) and (SF is High) and (W/C is Medium) then D = 0.6821E-12

12. If (Time is Long) and (SF is High) and (W/C is High) then D = 1.224E-12
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Number of linear parameters 18 | Input Parameters SF,W/C,Time
Number of nonlinear parameters 16 | Output Parameters D
Total number of parameters 34 | Linguistic Label for W/C  Low,Medium,High
Number of training data pairs 42 | Linguistic Label for SF Low,Medium,High
Number of testing data pairs 18 | Linguistic Label for Time Long,Short
Number of fuzzy rules 18 | Input Membership function type Gaussian

Output Membership function type Constant
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1. If (Time is Short) and (SF is Low) and (W/C is Low) then D = 1.325E-12

2. If (Time is Short) and (SF is Low) and (W/C is Medium) then D = 11.89E-11

3. If (Time is Short) and (SF is Low) and (W/C is High) then D = 8.14E-12

4. If (Time is Short) and (SF is Medium) and (W/C is Low) then D = 1.342E-12

5. If (Time is Short) and (SF is Medium) and (W/C is Medium) then D = 0.645E-13
6. If (Time is Short) and (SF is Medium) and (W/C is High) then D = 3.908E-12

7. If (Time is Short) and (SF is High) and (W/C is Low) then D = 0.0275E-12

8. If (Time is Short) and (SF is High) and (W/C is Medium) then D = 1.358E-12

9. If (Time is Short) and (SF is High) and (W/C is High) then D = 1.811E-12

10. If (Time is Long) and (SF is Low) and (W/C is Low) then D = 0.8248E-12

11. If (Time is Long) and (SF is Low) and (W/C is Medium) then D = 1.852E-12
12. If (Time is Long) and (SF is Low) and (W/C is High) then D = 2.426E-12

13. If (Time is Long) and (SF is Medium) and (W/C is Low) then D =-6.157E-12
14. If (Time is Long) and (SF is Medium) and (W/C is Medium) then D = 0.78E-12
15. If (Time is Long) and (SF is Medium) and (W/C is High) then D = 0.9508E-12
16. If (Time is Long) and (SF is High) and (W/C is Low) then D = 4.818E-12

17. If (Time is Long) and (SF is High) and (W/C is Medium) then D = 0.6377E-12

18. If (Time is Long) and (SF is High) and (W/C is High) then D = 1.621E-12
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1.If (Time is short) and (SF is Low) and (W/C is Low) then D=3.86E-12

2. If (Time is short) and (SF is Low) and (W/C is High) then D= 14E-12
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3. If (Time is short) and (SF is High) and (W/C is Low) then D= 0.2255E-12
4. If (Time is short) and (SF is High) and (W/C is High) then D= 2.314E-12
5. If (Time is Long) and (SF is Low) and (W/C is Low) then D= 0.09854E-12
6. If (Time 1s Long) and (SF is Low) and (W/C is High) then D= 2.697E-12
7. If (Time 1s Long) and (SF is High) and (W/C is Low) then D= 0.1191E-12

8. If (Time is Long) and (SF is High) and (W/C is High) then D= 1.102E-12
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3 0 0.35 2.75E-12

3 0 0.4 12.47 E-12
3 0 0.45 12.58 E-12
3 0 0.5 10.74 E-12
3 0.05 0.35 0.94 E-12
3 0.05 0.4 1.22 E-12
3 0.05 0.45 2.13 E-12
3 0.05 0.5 4.38 E-12
3 0.075 0.35 0.51 E-12
3 0.075 0.4 1.75 E-12
3 0.075 0.45 1.31 E-12
3 0.075 0.5 3.33 E-12
3 0.10 0.35 0.56 E-12
3 0.10 0.4 1.28 E-12
3 0.10 0.45 1.12 E-12
3 0.10 0.5 4.31E-12
3 0.125 0.35 0.34 E-12
3 0.125 0.4 1.50 E-12
3 0.125 0.45 1.30 E-12
3 0.125 0.5 1.84 E-12
9 0 0.35 1.135 E-12
9 0 0.4 3 E-12

9 0 0.45 6.74 E-12
9 0 0.5 6.98 E-12
9 0.05 0.35 0.62 E-12
9 0.05 0.4 1.05 E-12
9 0.05 0.45 1.8 E-12

9 0.05 0.5 2.34 E-12
9 0.075 0.35 0.26 E-12
9 0.075 0.4 0.99 E-12
9 0.075 0.45 1.04 E-12
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9 0.075 0.5 1.59 E-12
9 0.10 0.35 0.4 E-12

9 0.10 0.4 0.98 E-12
9 0.10 0.45 0.57 E-12
9 0.10 0.5 1.97 E-12
9 0.125 0.35 0.24 E-12
9 0.125 0.4 1.16 E-12
9 0.125 0.45 0.88 E-12
9 0.125 0.5 1.48 E-12
36 0 0.35 0.618 E-12
36 0 0.4 1.56 E-12
36 0 0.45 3.26 E-12
36 0 0.5 2.5E-12

36 0.05 0.35 0.307 E-12
36 0.05 0.4 1.1E-12

36 0.05 0.45 1.08 E-12
36 0.05 0.5 1.39 E-12
36 0.075 0.35 0.399 E-12
36 0.075 0.4 1.61 E-12
36 0.075 0.45 0.7 E-12

36 0.075 0.5 0.998 E-12
36 0.10 0.35 0.28 E-12
36 0.10 0.4 0.668 E-12
36 0.10 0.45 0.662 E-12
36 0.10 0.5 1.54 E-12
36 0.125 0.35 0.428 E-12
36 0.125 0.4 0.906 E-12
36 0.125 0.45 0.934 E-12
36 0.125 0.5 1.03 E-12
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Abstract:

Deterioration of concrete structures in marine environments, especially in Persian
Gulf region is a serious problem mainly due to chloride ingress into concrete. It is
generally assumed that the diffusion of chloride ions follows Fick’s second low. In this
equation, Diffusion coefficient is a quantified representative of different effective
parameters like water to binder ratio, silica fume content and etc. This study attempts to
model the relation between diffusion coefficient and various parameters collected from
experimental works in Persian Golf by using an Adaptive Network-based Fuzzy
Inference Systems (ANFIS). The predicted results were satisfactory and by comparing
the obtained rules and results, significant conclusion can be drawn to illustrate the
behavior of a natural system and evaluate the general trend in a system such as chloride
diffusion. Therefore it can assist researchers in finding out the effect of different

parameters in chloride diffusion.
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