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Road Patrol Strategy based on Pothole Occurrence Characteristics
considering Rainfall Effects
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Sustainable Infrastructure Research Center, Korea Institute of Civil Engineering and Building Technology
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Abstract Potholes on the road directly affect drivers' safety, satisfaction, and vehicle damage. Thus,
real-time detection and response are required. Increasing frequency of patrols allows for potholes to be
detected and responded to quickly, but this takes much manpower, money, and time. In addition,
potholes have different occurrence characteristics depending on the rain conditions, so it is necessary
to consider the optimal frequency from an economic and road-service perspective. Therefore, a
quantitative analysis was done on the effects of rainfall on the occurrence characteristics of potholes.
Information on the persistence, impact of rainfall intensity, and weather information was collected over
a long period. Based on the results, a risk-based, optimized, and changeable road-patrol strategy is
presented. The analysis results show that the probability of pothole occurrence increases by 2.4 times
in rainy weather. Furthermore, the impact continues for 3 days even after the rain stops. The probability
of pothole occurrence increases by 0.46% per 1 mm of rainfall, and the occurrence characteristics react
sensitively to even a small amount of rain of around 1 mm. It was concluded that road patrol is required
at least once every three days for an effect-free period, while twice a day is needed for the "sphere of
influence" period to achieve a 95% reliability level.ys for effect-free period, while twice a day for sphere

of influence period to satisfy 95% reliability level.
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Content Notations
Potholes P
Number of days D
Number of potholes N

Rainy day R

Sunny day S
Rainfall effect period (3 days) R,
Rainfall effect-free period Sy =
Num. of sunny days D(S)
Num. of rainy days D(R)
Num. of days pothole occurred D(P)
Num. of total potholes N(P)
Mean (lambda-sunny day) by s

Mean (lambda-rainy day) A B
Variance (pothole-sunny day) var (S)
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Table 2. Pothole-rainfall matching results

Contents Notations Data
Sample size - 1,522
Num. of sunny days D(9) 993
Num. of rainy days D(R) 529
Num. of days pothole occurred D(P) 100
Num. of total potholes N(P) 224
Mean (lambda-sunny day) Ag 0.0947
Mean (lambda-rainy day) Ar 0.2458
Variance (pothole-sunny day) var (.S) 0.4599
Variance (pothole-rainy day) var (R) 0.4602
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Table 3. Basic statistics of the data - for 1,522 days

Contents Avg. Std. Min. Max
Pothole(n/day) 0.15 0.7 0 11
Rainfall Total 4.5 12.0 0 129
(mm) period
Rainy day 12.8 17.4 0.5 129
only
Temperature (C) 16.2 8.8 -39 37.5

Total 1,522 days

Sunny days Rainy days
=993 i =529

Days pothole occurred
=100 days / 224 potholes

42 days
(94 potholes)

58 days
(130 potholes)

Fig. 1. Structure of pothole and rainfall data
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Table 4. Comparison of pothole occurrence rates by
weather condition

Num. of PDF-Sunny PDF-Rainy Note
potholes day day (Rainy day)
(Ag= 0095 | (A= 0249)
0 0.9096 0.7821 +12.75%
1 0.0861 0.1922 2.2 times
2 0.0041 0.0236 5.8 times
3 0.0001 0.0019 15.0 times
4 0.0000 0.0001 101.3 times
5 0.0000 0.0000 262.9 times
1.00
090
0.80 = Sunny day
£ 070 "
£ = Rainy day
£ 060
£ o050
=3
£ o040
£ 030
020
0.10
0.00 ——
0 1 2 3 4 5

Num. of potholes

Fig. 2. Pothole occurrence rate by weather condition
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Table 5. Rainfall effect extension analysis results

. During influential period
On rainy day (for 3 days)
Contents Value Contents Value
D(S) 993 D(S,) 526
D(R) 529 D(R,) 896
D(P)/N(P) 100/224 D(P)/N(P) 100/224
D(P=1l9)/ D(P=>1lS,)/
42/94 8/16
N(PLS) / N(PIS,) /
D(P=1R)/ D(P=1R,)/
58/130 N 92/208
N(PIR) NPIR,)
Prob(P=115) 4.2% Prob(P=11S,)|  1.5%
Prob(P=1R) | 110% | Prob(P=1R,)| 103%

£ BN SHI1DT JFAGDA B vl
Moz #A H¥F & Utk BHFHES Table 59t
Fig3& B9 AN,

Total 1,522 days

Rainy days
=529

Sunny days
=993

Days pothole occurred
=100 days / 224 potholes

i 58 days
i (130 potholes)

(a)

Total 1,522 days

Days in wet condition Days in
=988 i dry condition
i =534

Days pothole occurred
=100 days / 224 potholes

92 days
. (208 potholes) §

8 days
(16 potholes)

(b)
Fig. 3. Pothole occurrence characteristics
(a) On the rainy day - for a day
(b) During influential period - for 3 days
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Table 6. A Poisson-Gamma model for pothole
occurrence rate by rainfall intensity

Parameters B, 6
Values -2.4462 4.1038
(t-value) (-28.516) (17.8348)
Average precipitation (mm/day) 13.35
(Normalized value) (0.0710)

Table 65 AWEH 7392 Histe w=tvlE 3,
9] t-value7t 17.83(95%71% 1.97°11Phoz ZEZ T

ALE A5 Folt HedS & &+ Ak 58 3
T ZEZO] 17 old BT FELEAFE =

A5t Fig4st 2.

1
0.9
g
= 0.8
E
207
z
£ 0.6
s y = 0.085¢0.0188x
- 2
o R=09982 _~
b /
= 03 /
£02
s} -
0.1
0
SCHMOMOWVMOVMSWMOVMAIVNONDY O D
SF A A FFIANTOESDBEARS
Rainfall intensity(mm/day)

Fig. 4. Cumulative density function of pothole
occurrence by rainfall intensity (Case:
N(P) =>1)
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Table 7. Probability density function pothole occurrence

Rainfall intensity Probability density for pothole
(mm) occurrence
1 8.5%

10 10.2%
20 12.5%
30 15.4%
40 18.7%
50 22.7%
60 27.5%
70 32.9%
80 39.1%
90 46.1%
100 53.6%

7] o]} ZEE WS ES 4 FFdANAY =4
73930l Immelgd 3¢ 8.5%2 AlZ5to], 100mm
A A 50%E Gt YA ES 7Eo R g A
FHE Jo=E EAg] Y 10%-9mm, 20%-44mm,
30%-65mm, 40%-82mm%& LERrdTE 24 F7ke] 7

£ PAEE 95% oA Y A E7t 70mm A
< 7QtotdA, 73 I Al ZEE WY FE2 95% 4l
E|eEoA 8.5%~32.9% 0| Het. &, 94 A
ZEE WYFEC] JFS £t AEAE & jlom,
Tolg rt BdS B9 TEH ZESI 99 &
T e Eq(De2 1d 7hssith

MPIR) = 0.085"" (R =0.09982) @)

Where, x denotes rainfall intensity(mm)

Eq.(7)2 HIAgOR, 9% 1mm~100mm7t*|2]
HWslEre AE 230z 7MY A] 749 Immy TEZ 4
AEEL 0.46% 275k Aoz BAEQc

4.4 Z0jet 20| ME ZEE ZHUSY
uujgt Z9eko] 7jEog HHS Imm, 3mm,
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Table 83 Zt}.
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gd ZEE TIPS o] Heleh= AL HoErh 393t
9] FAZF Omme A 170 ol YALES 1.5%,
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Table 8. Pothole occurrence characteristics at minor
rainfall intensities

Table 9. Road patrol interval at confidence levels by
weather condition

Contents Sunny Imm 3mm 5mm Period of influence (Sp) : Influence-free (R,) :
day standard standard standard Prob(P = 115,) = 0.015 Prob(P = 1|R,) = 0.103
Rainfall | 0] 054 05 1.0~| 05] 30~| 05 ] 50~ )
intensity ~ N ~ Imel”a Reliability | Conf. Imel"a Reliability | Conf.
(mm) 1.0 3.0 5.0 ) Prob(P=1), level - Prob(P=1), level
D 526] 896| 127 | 861] 250 | 738 | 317 671 - T - T o
D(P) 8| 920 5| 8 | 8 | 8 | 10| 82 2 97.0% 95% 2 78.2% N/A
MP) | 16| 208) 8 | 200] 15| 193] 20 | 188 3 95.5% 3 66.7% N/A
Prob 1.5| 10.3] 3.9 10.1 3.2 114] 3.2 12.2 4 93.9% 4 55.3% N/A
(P=1) 5 92.4% o0% | 5 38% N/A
A 003 023 006] 023] 0.06| 0.26] 0.06| 0.28 6 90.9% 6 52.3% N/A
7 89.4% NA | 7 20.8% N/A
8 87.8% NA | 8 9.3% N/A
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