














PAVEMENT DAMAGE INDEX CALGULATED WITH
EQUATION SYSTEM

+

SOFT COMPUTING TOOLS

Variables (vehicles. environment and pavement response data) -> math

164,1800144] 408500302] 255066057 | 94,9264302] 107413166803 60 6066930] 64,8366234] 2565648770 1953544620
100,2736005| 41,5997626] 34,3569193| 67,8844469| 11313,9104777| S7,3408360| 56,7421923| 2656232226| 1680,3150188
947562444 370023341 38,3853566| O975621902| 14077 4882752| 101,1370999| 607690223 2723011737| 1999266455
146,0948500| 45,2868755| 30,4418070] 57,7773418| 15346,0127916] 1028311465] 67,0577716| 279,0847217| 2085175367
156,7917714| 53.9775755| 17,9869557 | 77,3901746| _6073,1879542| 72 2602558| 50,4377571| 232 0124465| 179,3976964
1424026631 | 52.2970516] 49.7393155] 1108279495| 10285.0399188] 590084566 61.5668896| 256.2580471| 168.1763770
707416608 303872894| 33,5935365| 51,8462033| 112355005338 07,4515216] 632356072 263,8834587| 1903691975
918164851 47,5935563| 10,4312840| 509965404 11715,7029863| 04,9280198| 61,4800889| 278,0187550] 197,2642468
1168143423 432321337| 20,9074608| 1143741045 4419,4412017| 679545768 51,2316187| 227 5979320 168,5657457
150,4081661| _41,6734196] 275694608 112,1941766| 146828646941 | 104,5009071| 62.7714986] 2739713921 2002078172
1356812535 425782093| 452778012 102,5896439| B32214B1062] 79,3491815| 56,1293652| 2460527499 1836222671
72,8296150] 496925000] 37,1345044| 5170868432 12964475390 605123504] 444366134 223,7109577| 1631864266
1431071484 392301760] 31,3913961 | 104,0625313| _4701,7780208| 66,7784933| _48,8412535| 2354607423| 168,0413715
74,4707994| 487373341] 300683827 | 64,1236388] 11375918147 | 62.2548752] 345074877 | 221,5268225] 1629271035
134,3524072| _51,4003554| 138086480 109,3604118| _ 9565,8022852| 68,0262015] 57 3514851| 250 4608396] 168,4774162
779150449| 437964853] 46,0373958| 759236775| 18616023917 | 647264724| 46 5853856| 214,3817219] 159 8668527
131,4629274| 452263725| 235018046] 57,7712196| 55778686632 76,3090812] 49.3971031| 2345392493 1765206345
021356253 46,2765655] 36,5874388| 55,8601272| 11938,3865416| 04 2668063| 50.7577032| 259,7085520| 1967723897
1265206031 | 41,7373297| 11,3907336| 595286657 |  B436,3195091| 781278137| 497196007 | 2459137528 1859455745
107 8795734| 462452776| 455594619 52,7485736| 4696,5143246| 66,5051349| 42.4839055| 2361162194 1746396434
1248854374 459601426] 361142282 116,7817101| 13153,6944023| 944151750] 60,9096744| 2661809566 196,7309938
98,8092320| 357284491 137132563| B90174713| 9991 7396408| 867 2441255| 539883427| 258,5194924| 186,2908365
158 388647440 42,8677265| O7 7556600 6782,7769595| 77,5597502| 465009556 243.3932007| 160,0689043
107,3076956| 44,3974195] 17.75968296| 1013556766 2419.1869759| 67,3697767| 36,6479549| 2203457147 1667302676
164,3352762| 450938439] 220209446 68,15687396| 0623,8208081| 66 4041692] 63,0531738| 2658239784 183,5605840
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Figure 3: The Pavement Damage Index Calculated

Figure 4: The Database With the History of the Pavement is “Handled”
to Become a Matrix of Performance to Train the Neural Network System



True Pavement
(Calculated Pavement Damage Index) = - Error
Damage Index

Figure 5: The Found Pavement Damage Index has an Unknown Error

Pavement Damage Index }}sqr
(z (Pavement Damage Index )) -\Exq)r

Pavement Damage Index
z (Pavement Damage Index)

Figure 6: The Error is Divided by Itself and Eliminated
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Variables (vehicles, environment and pavement response data) -> math

164,1800144| 408500302] 255966057| 949264302 10741,3166803| B96066930| 646368234 2565648779 1953544620
100,2736005| 41,5997626] 34.3589193| 67,8844469| 11313,9104777| 97,3408360| 56,7421923| 2655232226 188,3150188

947562444 37,0023341] 383853566 07,5621902| 14077 4882752| 1011370999 607680223 2723011737 1999266455
145,0948500] _452666755| 394418070] 57,7773418| 153460127915| 1026311465 67,0577716| 279,0847217| 2085175367
158,7917714| 53,9775755] 17,986 77,3901746|  6073,1879542| 72,2602558| 50,4377571| 232/0124465| 179,3978964
142,4026631

70,7416699

91 8164851 |
1188143423

1504081681
1356812535
72 8296150

e SOURGE OF “INTELLIGENGE"TO
744707994

134,3524072

779150443
131,4629274

92,1356253
1265206031
1078795734| 462452776 455594619| S527485736| d469655143246| 665051349] 424839055) 2361162194] 174 6396434
1248854374| 4509601426] 361142282] 1167817101 13153,8944023| 94 4151750] 600086744 2661B802566) 196,7309938
988092320 357284491| 137132563| 690174713| 9991,7396408| B872441255| 539883427| 258,5194924| 18652908365
158/6986606| 388647449 428677265 OF7556600| E782,7769595| 775597502] 465008556 243 3932007 180,0683043
107,3076956| 44,.39741898] 17,7598256| 101,3556766| 2419,1B69759| 67 3697787 | 386479549 220,3457147| 166,7302876
164.3352762| 45,0938439] 229209446| 68,1507338| 9623,6208081| 8664041692| 63,0531738 183,5888840
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Pavement

Pavement damage predictions made by the
trained neural network system

Figure 7: The Neural Network Will be Able to Do Predictions for Problems Proposed in the
Exact Same Way Was Described the Initial Database Used to Generated the Matrix of Performance
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Figure 8: The Trained Neural Network System Will do Predictions About the Service Life
for Both, Design New Pavements and Take Decisions in a Pavement Management System

ARTIFICIAL INTELLIGENCE
- o ——— = cmz
Full scientific field-based approach with the

damage described by the pavement itself

All variables considered in its exact
importance

Each equation is rich in information

Millions of equations to support robust and
accurate modelling

Full traffic profile

Full climate consideration

Full pavement structural response
consideration

Scalable: allow accumulate the knowledge
just adding new sets of sensors data in the
initial database for improved accuracy and
wide usability

All know and unknown factors considered in
the modelling (visco-plasticity, nonlinearity,
anisotropy, etc.)

New paradigm for pavement modelling and
design

X equation of fatigue

N =fl- ()% (E)®

Obsolete laboratory-based
approach

One variable + one constant

Three adjusting factors
(f1, f2 and f3)

One equation good for
“everything”

Unacceptable use of ESAL
from other methods

Fixed temperature

One single strain (&t)

No way to accumulate
knowledge

Simplified to elastic and
isotropic

Keep your faith and your soul
will be saved

Figure 9: Comparison Between the Modelling Using Neural Network Trained With the
Matrix of Performance Against the Current “Technology” of The Equation of Fatigue



