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Modified FRAC model for predicting runoff generation from permeable asphalt throughout entire clogging cycle//
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Abstract: To address the difficulty of the traditional infiltration-runoff model based on the infiltration curve deduction
method in flexibly and efficiently predicting the total runoff generation from permeable asphalt throughout an entire clogging
cycle, a modified fractional loss (FRAC) model was developed by integrally deforming the FRAC model, introducing the
permeable asphalt-induced initial rainfall loss, and adjusting the runoff conversion ratio parameter (C,), and the modified
model was applied to predict the runoff generation from permeable asphalt throughout the entire clogging cycle. The initial
rainfall loss was quantified as a function of the infiltration rate, and its empirical fitting equation was established.
Furthermore, a functional relationship between the modified parameter C,, infiltration rate, and rainfall intensity was
constructed, enabling dynamic parameter adjustment with variations in rainfall intensity and clogging degree of permeable
asphalt. Measured runoff data were used to validate the models, and the results indicate that the FRAC model overestimates
the runoff generation from permeable asphalt throughout the entire clogging cycle, with an average absolute error (MAE) of
15. 87 mm, a root mean square error (RMSE) of 16. 77 mm, and a Nash-Sutcliffe efficiency (NSE) coefficient of —1. 06
for runoff generation prediction. In contrast, the modified FRAC model achieves a substantially improved performance, with
an MAE of 0.36 mm, an RMSE of 0. 67 mm, and an NSE of 0. 97. The modified FRAC model demonstrates high accuracy
in predicting the runoff generation from permeable asphalt under various clogging degrees, and can effectively captures the
actual total runoff generation.

Key words: permeable asphalt; clogging degree; runoff generation; FRAC model; prediction of runoff generation
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Fig.1 Schematic diagram of permeable asphalt and rainfall

simulation apparatus
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Table 1 PAC-10 permeable asphalt and permeable subbase

gravel gradation

E3ii fiii LR ) /mm IR/ %
13.20 100
9.50 90~100
4.75 50~70
2.36 10~22
PAC-10 &K P 1.18 6~18
0. 60 4~15
0.30 3~12
0.15 3~8
0.08 2~6
26. 50 100
19. 00 85~95
13.20 65~80
BEKEEE A 9.50 55~71
4.75 8~16
2.36 0~7
0.08 0~3
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Fig.2 Particle size-mass distribution of sprayed particles
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Table 2 Clogging degree and infiltration rate of

permeable asphalt

s/ % k/ ( mm/min) s/ % k/ ( mm/min)
0 0. 560 50. 8 0.280
10.3 0.504 60.2 0.224
21.5 0. 448 73.4 0. 168
30.7 0.392 80.2 0.112
42.1 0.336 92.3 0. 056
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Table 3 Comparison between FRAC model simulated and measured runoff generation from permeable asphalt

SE AL/ mm

B AL/ mm

/% 1=0.78 mm/min :=0. 90 mm/min ;=1. 07 mm/min i=1. 23 mm/min :=0. 78 mm/min :=0. 90 mm/min i=1. 07 mm/min = 1. 23 mm/min
0 3.84 10. 29 20. 12 29.15 29.11 33.59 39.67 45.75
10.3 4.89 11.33 21.49 30. 44 29.11 33.59 39.67 45.75
21.5 5.29 11. 64 22.59 31.86 29.11 33.59 39.67 45.75
30.7 6.83 12.28 25.12 34.76 29.11 33.59 39.67 45.75
42.1 7.11 13.73 25.39 34.78 29.11 33.59 39.67 45.75
50.8 10.71 17.37 28.53 38.11 31.49 36.34 42.92 49.50
60.2 10.95 17.78 28. 60 38. 18 31.49 36.34 42.92 49.50
73.4 14. 89 21.56 32.02 41.34 31.49 36.34 42.92 49.50
80.2 17.24 24.93 35.28 44.56 32.45 37.44 44.22 51.00
92.3 19.92 26.78 37.67 47.23 32.45 37.44 44.22 51.00
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