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Abstract

In recent years, increases in impervious areas with rapid urbanization and land use changes are causing numerous hydrologic
cycle and environmental problems. Impermeable pavement have a various defect such as collection rainwater, decreasing of
sliding resistance, and etc. In this study, the hydrologic cycle effect of permeable pavement were analyzed by the experiment
and the numerical simulation. The numerical model used was a modified SWMM especially for considering the hydrologic
cycle effect of permeable pavement. The parameters of modified SWMM were revised by the experimental results. Also, the
effects of runoff quantity reduction are reviewed when permeable pavement is applied to Incheon Cheongna watershed. The
hydrologic cycle analysis of Incheon Cheongna watershed, continuous simulations of urban runoff were performed. The
analysis results of permeable pavement setup effect on runoff are follows: the surface runoff after permeable pavement setup
decreases to 74.35% of the precipitation whereas the surface runoff before permeable pavement setup amounts to 81.38% of
the precipitation; the infiltration after permeable pavement setup increases to 15.13% of the precipitation whereas the
infiltration before permeable pavement setup amounts to 8.32% of the precipitation.
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Fig. 2. Structure of permeable pavement.
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Fig. 3. Conceptual schematization of experiment system.

Fig. 4. A complete view of hydrologic conductivity experiment.
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Table 1. Surface type and the J variable of modified SWMM

. Va\;\llzfs ('; t:li:/v;)arameter Surface type in RUNOFF block

1 Impervious-with detention

2 Pervious-with detention

3 Impervious-with zero detention

4 Impervious-snow simulation

5 Permeable pavement
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Table 2. Input data for permeable pavement (H6)

[] Pervious area

[] Impervious area
[ Permeable pavement

100 0 100 200 300 Meters

Fig. 8. Test subcatchment for modified SWMM.
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Division Data groups Variables Description
PERAREA Percentage of pervious area for t specific subcatchment that is permeable
pavement, (%)
. PWSTORE | Depression storage for permeable pavement, in (mm)
Physical parameters H6 -
PRESIS Permeable pavement area Manning's roughness
PSUCT Average capillary suction, in (mm) of water for the upper layer of the
permeable pavement installation
PHYDCON Saturated hydraulic conduptnvnty pf soil, in/r (mm/hr) for the upper layer of
the permeable pavement installation
Initial moisture deficit for soil, volume air/volume voids (fraction) for the
. PSMDMAX . .
Hydrological parameters H6 upper layer of the permeable pavement installation
DEGRAD Degradation coefficient, time™
Average length of time between mechanical regeneration of permeable
PREGEN LS .
pavement infiltration properties (days)
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Table 3. Comparison of of deflection measurement

. Maximum deflection (mm) Deflection of subgrade (mm)
Pavement sectioin - - - - - -
Before watering After watering Difference Before watering After watering Difference
Site 1 0.283 0.288 0.005 0.066 0.078 0.012
Site 2 0.224 0.231 0.008 0.071 0.083 0.012
Site 3 0.755 0.957 0.202 0.058 0.068 0.010
Loading site Bearing capacity of subgrade Loading site Bearing capacity of subgrade
* Sensor position{em) * + Sensor position(cm) *
0 20 30 45 60 90 120 150 * B » & w0 W W 1N
0
0
%0 200
£ E
£ 100 E a0
S g
S 150 S 600
g )
5 2 w0
,E_' 250 E =+ Before watering
a8 -+ Before watering 1000 5 -
=8= After watering
300 = After watering 1200
350

Fig. 9. Result of deflection measurement in the site 1.
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n
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g. 10. Result of deflection measurement in the site 2. 1, N2 nooa=t
ko Ky k, k;
g Fol el AAHA = o7t e AS AU
ok ol¥lel FRE dF AP AFEF FIEA =wt A AE ol&ste] FREAEF SEFATE 8T
olal7} 23} &4nle] M7k dEE AED £ UEE P A= Table 59 2t 23H 7|52 AFEZFFT A
% F 20 mm Fxo] BS AL A5 o 24 E8 YT ARE AHESIL BEI|SS RN A8t
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A3 =] AeEE dAI Ve o Bo v = 3o
Table 4. Result of hydrologic conductivity experiment
No. Specimen Measured value Hydrologic conductivity
Type Thichness (cm) | Diameter (cm) | Time (sec) | Runoff (g) | Temparature (°C) | Test (cm/sec) | 15°C (cm/sec)
1 Surface course 6.88 10.18 60 3540.80 10.5 0.2625 0.3016
2 Surface course 6.83 10.17 60 3555.80 10.5 0.2623 0.3014
3 Surface course 6.71 10.19 60 3570.13 10.5 0.2575 0.2959
Average 0.2997
1 Base course 717 10.17 60 3201.83 10.5 0.2478 0.2848
2 Base course 6.96 10.18 60 3339.13 105 0.2506 0.2880
3 Base course 6.73 10.17 60 3299.90 10.5 0.2397 0.2754
Average 0.2827
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Table 5. Hydrologic conductivity of pavement
Pavement Hydrologic conductivity Note
Surface course 0.2997 (cm/s) porosity 23%, laboratory test
Binder course 0.2997 (cm/s) porosity 23%, laboratory test
base course 0.2827 (cm/s) porosity 23%, laboratory test
Subbase course 1x107 (cm/s) minimum hydrologic conductivity
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Tm— v _
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Fig. 12. Equivalent Hydrologic conductivity of pavement. ~ _
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Fig. 13. Runoff before permeable pavement setup.
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Fig. 14. Runoff after permeable pavement setup.
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Table 6. Hydrologic cycle comparison by permeable pavement setup

Before permeable pavement setup After permeable pavement setup
m’ mm % m’ mm %
Total precipitation (Rain plus snow) 2,623,917.00 10,273.75 100.00 2,623,917.00 10,273.75 100.00
Total infiltration 218,406.70 855.16 8.32 396,981.90 1,554.35 15.13
Total evaporation 329,535.60 1,290.27 12.56 325,479.20 1,274.39 12.40
Surface runoff from watersheds 2,135,410.00 8,361.04 81.38 1,950,983.00 7,638.93 74.35
Total water remaining in surface storage 0.00 0.00 - 0.00 0.00 -
Infiltration over the pervious area 218,406.70 855.16 - 396,981.90 1,554.35 -
Runoff rate 81.38% 74.35%
The error in continuity -2.2T% -1.89%

Table 7. Groungwater comparison by permeable pavement setup

Before permeable pavement setup After permeable pavement setup
m® mm % m? mm %
Total infiltration 218,406.7 855.2 100.00 396,981.9 1,554.4 100.00
Total upper zone ET 21,565.1 84.4 9.86 21,879.8 85.7 5.76
Total lower zone ET 12,086.5 47.3 5.52 12,033.3 47.1 3.17
Total groundwater flow 140,454.1 549.9 64.19 316,573.0 1,239.5 83.29
Total deep percolation 10,749.7 42.1 491 10,664.4 41.8 2.81
Initial subsurface storage 3,116,821 12,203.7 - 3,116,821 12,203.7 -
Final subsurface storage 3,150,767 12,336.6 - 3,135,741 12,277.8 -
Storage 33,946 132.9 15.51 18,920 74.1 4.98
Preapitation =
(10,273.75 mm) Before permeable pavement setup
________ 10 4 B after permeable pavement setup
Infilration A Surface Flow
(855.16 mm) . (8,361.04 mm) g o5 |
(1,554.35 mm) (7,638.93 mm) ‘t
. 3
5 06 1
%
3 04
02 1
Upper ZoneET GroundFlow 00 1
(84.4mm) (549.9 mm)
(85.7 mm) (1.239.5mm) Abundant flow (Q95)  Normal flow (Q185) Low flow (Q275) Drought flow (Q355)
) Fig. 16. Comparison of maintenance streamflow.
§ (74.1 mm) 10000 |
e —,—, —_— Before permaeble pavement setup
Lower Zone ET | | Deep Precipitation | ——Afterpermaeble pavement setup
(47.3mm) (42.1 mm)
J (41.8mm) 0.1000
Before permaeble pavemwnt setup v 0.0100

After permeable pavemrat setup

Fig. 15. Hydrologic cycle simulation.
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Table 8. Comparison of maintenance streamflow

0.0010

Average daily flow{cms)
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Fig. 17. Comparison of flow duration curves.

(unit: m%sec)

Discharge Abundant flow (Qgs) Normal flow (Quss) Low flow (Qgs) Drought flow (Qsss)
Before permeable pavement setup 0.0006 0.0004 0.0003 0.0003
After permeable pavement setup 0.0011 0.0009 0.0009 0.0008
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