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Abstract . Rutting, a common disease of asphalt pavement, not only compromises the road quality and safety,
but also plays a critical role in the structural design of asphalt pavement in many countries. To achieve more ac-
curate prediction and evaluation of rutting evolution trends, it is particularly important to improve and optimize
the existing rutting depth prediction model. Therefore, based on the long-term observation data of the
RIOHTrack full-scale pavement acceleration loading test loop, the mechanical-empirical rutting depth prediction
model in the Highway Asphalt Pavement Design Specifications (JTG D50—2017) was comprehensively adjusted
and optimized. Three calibration parameters were introduced to calibrate the constant coefficients, tempera-
tures, and cumulative load times, respectively, to improve the prediction accuracy and generalization ability of
the model. Subsequently, a multi-strategy adaptive particle swarm optimization (MAPSO) algorithm incorpora-
ting a neighborhood mutation strategy and fusing exponential adaptive inertia weights with sinusoidal adaptive
learning factors, was proposed. Then this algorithm was used to estimate the values of three calibration param-
eters to further improve the accuracy of the model. Finally, with the rutting data of 19 types of asphalt pave-
ments in the RIOHTrack as an example, the MAPSO-RME model proposed in this article was applied for rutting
depth prediction. The experimental results demonstrate that, compared with the mechanical-empirical rutting
depth prediction model in the Highway Asphalt Pavement Design Specifications (JTG D50—2017) , the MAPSO-
RME model achieves remarkable improvement in fitting performance with a significant reduction in mean

squared error (MSE) of prediction.
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Fig. 3 The layout and structure of RIOHTrack
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Table 1  Original rutting data of RIOHTrack ( rutting/mm )

loading date cycle number STR1 STR2 STR19
2016-11-30—2016-12-10 N1 1.556 1.567 1.844
2016-12-13—2016-12-24 N2 1.585 1.598 1.704
2016-12-27—2017-01-09 N3 1.495 1.481 1.857
2017-01-12—2017-02-23 N4 1.515 1.636 1.892
2017-02-26—2017-03-10 N5 0.633 0.853 0.848
2017-03-13—2017-03-23 N6 1.529 1.656 1.881
2023-11-09—2023-11-20 N157-mid 9.477 10.326 7.347

2023-11-30 N157 6.819 10.696 7.071
2023-11-25—2023-12-05 N158-mid 8.465 10.336 5.203

2023-12-19 N158 7.684 10.614 7.827
2023-12-10—2023-12-24 N159 8.558 10.689 6.543
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Table 2 MSE of the RME rutting model with different PSO algorithms

structure STR dataset PSO PSO-w PSO-c¢ PSO-cw MAPSO
training set 0.410 595 0.185 487 0.203 388 0.178 934 0.152 480
1 validation set 0.696 990 0.582 992 0.596 342 0.563 521 0.530 709
test set 2.509 542 1.177 000 1.474 362 1.221 109 0.967 856
training set 0.606 712 0.412 764 0.253 175 0.209 692 0.166 210
2 validation set 0.912 542 0.659 501 0.842 561 0.703 448 0.564 336
test set 4.624 047 2.848 571 2.979 764 2.420 495 1.861 227
training set 0.425 854 0.390 227 0.209 142 0.202 680 0.196 218
3 validation set 0.877 747 0.729 117 0.965 374 0.837 196 0.709 018
test set 3.169 630 1.315 188 1.194 343 1.374 164 1.553 986
o training set 0.516 525 0.865 394 0.258 599 0.258 599 0.258 600
semi-rigid 6 validation set 0.988 402 0.712 187 1.570 256 1.140 831 0.711 407
base test set 2.715 440 2.239 869 1.114 442 1.121 091 1.127 740
training set 1.134 145 0.553 150 0.362 448 0.362 255 0.362 062
7 validation set 1.736 897 0.932 510 1.050 403 0.992 835 0.935 268
test set 3.799 113 1.899 565 0.782 371 0.776 644 0.770 918
training set 1.553 299 0.691 531 0.410 541 0.402 776 0.395 011
8 validation set 1.715 339 1.052 580 1.331 017 1.210 249 1.089 482
test set 5.949 349 3.498 445 1.564 804 1.333 661 1.102 519
training set 0.882 199 1.019 762 0.413 015 0.392 358 0.371 702
9 validation set 1.573 723 0.946 857 1.806 158 1.401 802 0.997 447
test set 3.765 739 2.775 897 1.338 344 1.196 726 1.055 109
training set 0.451 810 0.338 917 0.342 544 0.340 038 0.337 533
4 validation set 0.728 057 0.603 934 0.588 322 0.595 650 0.602 979
composite test set 2.374 773 1.245 610 1.231 211 1.265 825 1.300 439
base training set 0.407 643 0.256 997 0.235 612 0.235 594 0.235 576
5 validation set 0.927 610 0.778 510 0.740 710 0.740 252 0.739 794
test set 2.108 517 0.614 362 0.922 068 0.928 251 0.934 434
training set 1.247 075 0.651 788 0.424 257 0.424 231 0.424 206
10 validation set 1.737 176 1.260 077 1.096 066 1.095 811 1.095 556
inverted test set 2.791 466 1.431 539 0.430 544 0.430 167 0.429 791
base training set 0.755 677 0.377 483 0.375 019 0.367 551 0.360 083
12 validation set 1.334 464 0.991 834 1.009 769 1.019 796 1.029 823
test set 1.892 574 1.394 988 1.273 527 1.257 019 1.240 511

ek
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gk
structure STR dataset PSO PSO-w PSO-c PSO-cu0 MAPSO
Iraining set 0.980 259 0.274 138 0.277 521 0.274 496 0.271 471
1 validation set 1.598 245 1.016 558 1.021 496 1.023 717 1.025 939
fest set 3.625 655 0.944 324 0.954 184 0.906 389 0.858 595
raining set 0.482 084 0.215 051 0.214 200 0.213 234 0.212 268
13 validation set 0.968 232 0.711 305 0.725 866 0.721 866 0.717 867
fest set 1.332 715 1.068 594 1.053 880 0.881 943 0.710 006
Iraining set 0.919 257 2.194 195 0.488 585 0.488 584 0.488 584
' 14 validation set 1.438 904 3.026 559 0.992 537 0.992 513 0.992 489
thick test set 1.057 984 2.576 982 0.777 095 0.677 353 0.577 611
a%phalt {raining set 0.764 079 0.356 896 0.225 591 0.224 920 0.224 249
e 15 validation set 1.272 832 0.940 174 0.835 076 0.834 197 0.833 318
fest set 1.596 950 1.413 084 1.396 155 1.351 480 1.306 806
{raining set 0.608 094 0.284 710 0.273 694 0.273 691 0.273 689
16 validation set 1.028 781 0.686 561 0.699 881 0.699 583 0.699 285
fest set 1.733 118 1.539 418 1.400 808 1.402 209 1.403 611
raining set 0.550 707 0.390 883 0.291 573 0.289 111 0.286 650
17 validation set 0.847 637 0.730 998 0.585 582 0.578 780 0.571 979
fest set 1.012 510 0.702 791 0.764 194 0.722 844 0.681 495
raining set 1.340 227 0.738 468 0.625 697 0.449 693 0.273 689
18 validation set 1.454 363 1.040 647 0.517 088 0.608 186 0.699 285
full-depth fest set 2.683 918 0.860 402 1.123 262 0.961 056 0.798 851
structure training set 0.508 108 0.319 305 0.316 766 0.316 469 0.316 172
19 validation set 0.893 133 0.780 262 0.773 359 0.773 730 0.774 101
fest set 1.288 807 0.524 418 0.461 374 0.488 395 0.515 417
Iraining set 0.765 492 0.326 387 0.553 534 0.310 785 0.310 075
mean 119 validation set 1.196 372 0.811 559 1.089 961 0.870 209 0.801 145
alue fest set 2.633 255 0.901 943 1.387 940 1.090 359 0.779 180
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Fig. 4 The boxplots of the RME rutting model with different PSO algorithms
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Fig. 5 Fitting diagram of rutting data for the traditional ME and MAPSO-RME models
WELHE S R LI B, X F RIOHTrack f2 RS 1T i 56 BT 45 Fh 45 44 1 B 1T , A SCHREHH 1) MAPSO-RME 425
?ﬁ?}ﬂﬂ*ﬁﬂ%ﬁ%ﬁ%?%% ME 81 Gl 51 A =AM HES BT 2 560 IS N PSO B K il S8, Al
Y RE ARG BEARAT T R IR B W HE 7t
ifE—20h, o T BIE MAPSO-RME R BUAL L (g PERE B2 48 ME AR Ay SCEk[ 29 ] %) MEPDG
—‘F‘iﬁﬁﬁ‘?ﬂl RN ALF 2R RI/E Jy%f e, % RIOHTrack f& )X B TR S0 A8 19 19 Fh 75 56 18 7Y 25 cBods
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Table 3 MSE of MAPSO-RME and other rutting depth prediction models

structure STR dataset conventional ME MEPDG ALF MAPSO-RME
training set 3.028 442 3.220 613 4.558 947 0.152 479
1 validation set 3.354 868 3.476 885 4.660 625 0.530 709
test set 7.871 037 8.784 877 11.996 429 0.967 855
training set 5.035 846 5.373 725 7.524 113 0.166 209
2 validation set 5.187 335 5.436 588 7.334 865 0.564 335
test set 12.489 605 14.480 936 19.786 438 1.861 226
training set 4.200 122 4.133 276 5.785 925 0.196 217
3 validation set 4.644 348 4.548 648 6.066 975 0.709 017
test set 8.951 187 9.881 610 13.793 160 1.553 985
training set 3.851 698 3.912 073 5.471 450 0.258 599
semi-rigid 6 validation set 4.605 777 4.585 073 6.072 855 0.711 406
base test set 8.568 350 9.525 019 13.199 786 1.127 739
training set 9.181 578 9.733 199 13.474 390 0.362 061
7 validation set 9.123 794 9.457 739 12.786 435 0.935 267
test set 18.169 156 20.029 062 28.020 197 0.770 917
training set 12.190 578 13.114 549 17.864 043 0.395 010
8 validation set 12.072 149 12.829 842 17.080 704 1.089 481
test set 25.204 567 28.628 111 39.376 308 1.102 518
training set 6.695 091 6.958 968 9.569 548 0.371 701
9 validation set 7.276 596 7.378 902 9.768 586 0.997 446
test set 13.834 582 15.589 380 21.664 890 1.055 108
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structure STR dataset conventional ME MEPDG ALF MAPSO-RME
training set 2.384 208 2.298 905 3.132 093 0.337 532
4 validation set 3.096 253 3.002 693 3.855 451 0.602 978
composite test set 5.716 098 6.388 276 8.682 817 1.300 438
base training set 3.130 139 3.087 029 4.298 696 0.235 576
5 validation set 4.091 722 4.032 026 5.240 113 0.739 793
test set 6.591 538 7.237 353 10.104 716 0.934 434
training set 9.858 078 10.559 385 14.721 283 0.424 205
10 validation set 10.173 588 10.479 296 14.155 547 1.095 555
inverted test st 18.439 777 19.492 381 27.630 661 0.429 790
base training set 6.654 381 6.828 003 9.563 298 0.360 082
12 validation set 7.561 562 7.462 090 9.994 335 1.029 822
test sl 12.120 562 12.274 365 17.467 073 1.240 511
training set 8.495 938 9.050 297 12.662 660 0.271 471
11 validation set 9.100 457 9.356 417 12.565 171 1.025 939
test sl 17.356 242 18.876 424 26.457 632 0.858 594
training set 4.662 731 4.631 565 6.501 461 0.212 267
13 validation set 5.319 145 5.171 455 6.923 511 0.717 866
test set 7.352 789 7.553 253 11.084 846 0.710 006
training set 7.039 255 7.123 291 9.966 689 0.488 583
14 validation set 7.551 967 7.317 617 9.933 316 0.992 488
thick test set 11.478 991 11.088 329 16.034 980 0.577 611
asphalt
. training set 7.632 578 7.900 890 11.054 452 0.224 248
mixture
15 validation set 7.466 344 7.589 090 10.355 889 0.833 317
test set 12.051 865 12.430 074 18.060 955 1.306 805
training set 5.671 963 5.695 424 7.906 122 0.273 688
16 validation set 5.853 698 5.768 754 7.767 493 0.699 284
test set 9.810 330 10.187 734 14.532 253 1.403 611
training set 5.550 707 6.291 573 6.390 883 0.286 650
17 validation set 6.847 637 6.585 582 6.730 998 0.571 979
test st 10.831 145 11.403 217 15.675 145 0.681 495
training set 8.340 227 8.625 697 9.738 468 0.273 689
18 validation set 9.135 367 9.594 851 13.285 677 0.699 285
full-depth test set 18.337 959 19.304 372 27.317 153 0.798 851
structure training set 3.629 191 3.594 874 4.946 199 0.316 171
19 validation set 4.196 426 4.177 939 5.464 795 0.774 100
test set 6.105 749 6.265 470 8.901 877 0.515 416

Nk 3 PR AR SCE B9 MAPSO-RME = Sl A8 20 W) 8 8 T 1% 58 ME = Rt A5 8 SCHik [ 29 ] i AY
MEPDG =R BN AL A ALF AR iy, I 2k b2 it 4R B 19 MSE 8K IR 22 A1, B AU R0OCR

T

3 & 24

DB 0 7 S TR DL PR 8 2 — T 22 T G 7 B T 4 A R ok 40 A B HL ) M o B 1 4
SR REPTINAR I J2 2 nT Loy 22 L 2 T AR Y | ) 2 R T R 2 > B L A5 2 T 4 e
TUERA FOMRR A O AR BRAE R, 22 R U R B, HL o Tl SE it i i ik ik A g ol , BA
e B T4 B R RA I, R IR 3 AR R e, AR R JEE b2 BRI A i i i IR N 22 3 2
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BRI, A8 SCHR HE T —Ff MAPSO-RME 4B fsmigs &) | 232 sipktn T .

1) BIASRIZEAR M , Al AT E 18 B A EE A E 5% [ & 2% 2] B 38 H T —Fh MAPSO ik,
A BT ORIE R U S, SR TSR, (SRR (.

2) FETCNEEWIE B (JTG D50—2017) H# H i) ME =R HMAAL, 5] A = MR ESEL
3 X B R B T R R B A B A TR ST T RME AR T AR 8,

3) T RIOHTrack &R 1A NH N 23R 50 BRTE (1 19 Fh i 5% a0 A0 25 380dis |, {0 1 MAPSO B9k | SR i
SARHESEON A, 15 3] MAPSO-RME B0 AR A4 F 1648 ME AR B FU 34 7 1% 2% MSE SEELR
R B AR

4) XA AR HES BT T AR 6 MAPSO 3R A viE S 5000 5 2%, o 1 oAl s [X 42 il
PSRBT — 2 S B, A HES 5 50, AT LA o 7 R T AR 780 £ DX 3 .

EJR  ASBI T ARAF A — 5 A Sy BR A R Ay (5 FH A i U RIOH Track 2 R ThT sk o 26k 38 56 35308 U0 1%
TR , B A 242 2% B0 KD, SEUR I ISR A TN () R0 I F AR S R AL DR, 76 RSk 11
WFFE A, T %o S A A 5 A 3 s A B DA — A O A A A | 4R AR R R
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