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a. Dependent Variable: healing ratio
b. All requested variables entered.
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Residual 11.027 701 016
Total 21.510 714

a. Dependent Variahle: healing ratio

b. Predictors: (Constant), heating time(s), 4.75 <4 il s ase 0.075 <0 3l 5 38 metal
shavings content, Cycles, «sw il coarse steel slag, bitumen type, RAP content,
steel fibars content, heating type, 4sw £k pday 12,5 5S4 315 y0e

il lg 5T F-F U

:iloads SUS& sy dw (0 oDl s molie (il g U1 Jgam 5o
Syl b Jgaz ol jo aleads plo ge )5 ) Joe lawg a5 SasSTp b ol s ()

Lol 00l azie Regression

Cowl osalie B Jga> ,o Residual o ,lLe

Sl aily e polie alold Gl ggomme wlwlp oS S SoSTy b ol s (Y
olti ) LS s el Total & lis 4 Loy po 457 (5, as 555 oo aiilos ()L el

...&.Cb.)u.o

A



Joe gy S (5T pais 5uSil) MSRY s 1 el smlio L5 YU Jgar o 45 F e
St s onl o9 ge Jolo (0ailacdly Slapo (i) MSR? 5 (00 gty (S9a 5
e ol az m s S (SaiSTy olo 4o beailadl @ Ca onw )5y Joe 45 el ot
F ey Jovar ololp Wb F Gog S5 S 0 walss Sl (Somw )5 Joo il 25,5
pelsS o0 e oy B Jsuz aajsd 4 sz Lol 05 a2 Res 5 Reg (df) golil az o L
PSS e S9d g0 S0 yho 4 SIG il 25,5 F e az e oS 0olitul Sig les
bopsite (285 4z Ol o g Sl Ggrm 55 celin Joe &S] 5L SIG sl e
2 093l s Ly Jsl £98 sllas o cr o B e a8 (o (S Gl | il oo (s
iy oot i) s ol ol o] g8 Jlas Sig g 53 F e Lo Jlio 4 .00 oo 45,8 L

IS (0 hogi il jeiie Olgie ] ey Gl (095

ol 00 o0ls Lis (Coefficients Jgax 10 yeejl 4 b e slo g g Jow culpo @

(F-0 Js)

1 Mean Square Regression
2 Mean Square Residual

\Al


https://blog.faradars.org/statistical-inference/

Coefficients?

Standardized

Instandardized Coefficients Coeflicients Collinearity Statistics
Madel E Stel. Error Beta t Sin. Tolerance WIF
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adgat sl 159 025 A74 6.426 .0oo 128 7.820
adgat 2E1 g 683 .0g84 1.304 8.161 .0oo 027 36.753
12.5 <S4 il 5 e -4.618 3592 -1.653 -11.775 .0oo 035 28.324
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0.075 =4 3l g e -24.015 2.440 -1.673 -5.841 .0oo 024 41.631
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RAP 1= -.021 081 -012 -.267 780 370 2.703
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w5 gt el 2m -1.257 .240 -.201 -5.2349 .0oo A73 2112
S E 298 .02z 705 13.343 .0oo 249 4.010
S S e -.030 .00z -.428 -14.951 .0oo 852 1174
ol £ ¢ g 453 036 678 12,674 .0oo 240 4172
(5) ke £ a3 .0og 001 631 13774 .0oo 33 3017
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Residuals Statistics®

Minimum  Maximum Mean Std. Deviation I
Predicted Value A4182 78282 AB343 A21167 718
Residual - 442421 344266 000000 124276 718
Std. Predicted Value -2.654 2.718 .ooa 1.000 715
Std. Residual -3.527 2745 .oon 881 715

a. Dependent Variable: healing ratio
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https://fa.wikipedia.org/wiki/%D9%86%D9%88%D8%B1%D9%88%D9%86
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D9%86%D8%A7%D9%BE%D8%B3_(%D8%B2%DB%8C%D8%B3%D8%AA%E2%80%8C%D8%B4%D9%86%D8%A7%D8%B3%DB%8C)
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D9%86%D8%A7%D9%BE%D8%B3_(%D8%B2%DB%8C%D8%B3%D8%AA%E2%80%8C%D8%B4%D9%86%D8%A7%D8%B3%DB%8C)
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4\ Neural Network Training (nntraintool) = O X

Neural Network

Hidden Layer OutputLayer

Iaput

13

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainim)
Performance: Mean Squared Error (mse)
Calculations:  MEX

Progress

Epoch: 0 E 102 iterations 700
Time: 0:00:00

Performance: 142 | 000107 1.00e-09
Gradient: 362 | 10.00123 1.00e-07
Mu: 0.000100 1.00e-06 1.00e+10
Validation Checks: 0 30 30

Plots

(plotperform)

! Error Histogram | (ploterrhist)

‘ Regression (plotregression)
] Fit | (plotfit
Plot Interval: ' 1 epochs

v Validation stop.

@ Stop Training @ Cancel
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Training: R=0.98154

1 F
O Data
Fit
087 Y =T

0.6

0.4

0.2

Output ~= 0.96*Target + 0.018

0.2 0.4 0.6 0.8

Target
Test: R=0.96071
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P O Data
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3

o

1

Output ~= 0.96*Target + 0.02

Output ~= 0.96*Target + 0.02

Validation: R=0.95929

1 [
O  Data
Fit

All: R=0.97523

O  Data
Fit
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MSEI= 0.001106, IRMSE = 0.033257
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4 = 0.00022766, o = 0.033289
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Abstract

Roads are one of the most important assets of any country and a large part of the country's
budget is spent annually on repair and maintenance operations. A large part of the cost of
road repair and maintenance operations is spent on repairing cracks. The self-healing
potential of asphalt is one of the factors that can increase the useful life of asphalt
pavement. When the pavement is at a higher temperature, the repair increases, so the repair
of the asphalt mixture itself is temperature dependent. Microwave heating and induction
heating are used to increase self-healing capacity by increasing the temperature. Also, to
increase heating efficiency and improve self-healing, different types of metal wastes (steel
fiber, metal shaving, steel slag, etc.) are added to the asphalt mixture.

Due to the fact that laboratory activities are time consuming and costly, the use of artificial
neural networks in predicting laboratory results in recent decades has been considered by
researchers. In pavement engineering, artificial neural networks have been used to predict
the fatigue life of asphalt mixtures, to predict the nonlinear modulus of pavement layers,
etc.

The purpose of this study is to consider the factors affecting the self-healing index (such as
type of additive, percentage of additive, gradation of aggregate, type of bitumen, crack
repair cycle, etc.) as inputs of artificial neural network in MATLAB software and self-
healing index as output, to achieve a suitable neural network and use this network to
predict self-healing index. Multilayer perceptron neural network (MLP), multilayer
perceptron neural network with particle swarm optimized algorithm (PSO), radial basis
function neural network (RBF) and statistical analysis with SPSS software have been used
in this study and the results of these methods together were compared. The results showed
that multilayer perceptron neural network (MLP) has better performance in predicting self-

healing index than other methods.

Keywords: Self-healing, Steel fiber, Metal shaving, Steel slag, Microwave heating,
Induction heating, Artificial neural network.
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