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Abstract

This study defines influencing sections as the part of the road section where passing vehicles are traveling
with the lower speed compared to speed limit due to speed humps. The influencing section was divided into 3
parts; influencing section before the speed hump, interval section, and influencing section after the speed
hump. This analysis focused on the changes of each part depending on installation types, vehicle types, and
daytime or nighttime. For the interval section, especially, the ratio of distance traveled with lower speed than
speed limit to interval section is defined as effective influencing section ratio to be analyzed. Vehicle speed
profiles were collected with a speed gun to extract influencing section lengths. The survival analysis was
applied and estimated survival functions are compared with each other by several statistical tests. As a
consequence, the average length of influencing section on the 50m sequential speed humps was 75.3% longer
during the deceleration than that of isolated speed hump, and 18.9% during the acceleration. The effective
influencing section ratio for the 30m and 50m sequential speed humps had a small difference of 81.0% and
76.0% while the absolute values of the section that passing speed were less than the speed limit were longer
on 50m sequential speed humps, each being 24.3m and 38.0m. Using the log rank test, it was evident that
sequential speed humps were more effective to increase the length of influencing sections compared to the
isolated speed hump. Vehicle type was the strong factor for influencing section length on the isolated speed
hump, but daytime or nighttime was not the effective one. This research result can be used for improving the
efficiency selecting the installation point of speed humps for road safety and estimating the standard of the
distance between sequential speed humps.

Keywords: effective influencing section ratio, influencing section, speed hump, speed profile,
survival analysis
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V= 9.7573 X 0315821 (1)

where, v : 85 percentile vehicle speed (km/h)

X installation space between two speed humps (m)
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(a) Vehicle speed profile over isolated speed hump (b) Vehicle speed profile over sequential speed humps

Figure 2. Influencing section of isolated and sequential speed humps
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Table 1. Information of points of investigation
Installation type Isolated Sequential (30m) Sequential (50m)
Location Seongbuk—gu, Seoul Deogyang—gu, Goyang, Gyeonggi Ilsandong—gu, Goyang, Gyeonggi
Length” 300m 700m 380m
Distance” - 30m 50m
Sidewalk Exist (one—side) Exist (one—side) Exist (one—side)
Vehicle | (Speed gun Vehicle S
. . e ‘—_-—_) =244 Direction installed - Direction installed
Point overview Speed gun — R —— = Prer—le—— o
installed T e 20m)

"Length means the distance between intersections.
Distance means the distance between speed humps.
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Table 2. Vehicle type distribution by sample sections

. Isolated Sequential (30m) Sequential (50m)
Vehicle type = - X
Day Night Day Night Day Night
Passenger car 81 (57.0%) 41 (56.2%) 80 (55.9%) 37 (52.9%) 74 (56.1%) 36 (52.9%)
SUV & RV 47 (33.1%) 24 (32.9%) 46 (32.2%) 24 (34.4%) 45 (34.1%) 24 (35.3%)
Freight truck 14 (9.9%) 8 (11.0%) 17 (11.9%) 9 (12.9%) 13 (9.8%) 8 (11.8%)
Total 142 73 143 70 132 68
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Figure 3. Samples of acquired speed profile data
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Table 3. Significance probabilities of K-S test for influencing section lengths

. . Uniform Distribution Normal Distribution Exponential Distribution
Influencing section - - :
Day Night Day Night Day Night
Isolated s 0 0 0 0 0 0
s, 0 0 0 0.006 0 0
Sequential (30m) s 0.004 0 0 0.200 0 0
s, 0 0 0.001 0.016 0 0
Sequential (50m) 5y 0 0 0.032 0.004 0 0
s 0 0 0.003 0.200 0 0.007

a

note: significance probabilities of 7, ;;,.;,. were all ‘0" by K-S test.
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Figure 4. Survival functions of influencing sections on speed humps in daytime and nighttime
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Table 4. Average of influencing section over isolated and sequential speed humps (unit: m)
Isolated Sequential (30m) Sequential (50m)
Vehicle type Day Night Day Night Day Night
sd Sa sd Sa sd Sa Sd Sa Sd Sa Sd sa

Passenger car 8.16 11.70 10.32 1348 10.12 1477 13.62 1794 1517 1878 1443 1784
SUV & RV 9.45  20.19 6.97 1155 11.12 1640 1435 1799 17.03 1999 1466 16.40
Freight truck 16.66  36.83 14.29 27.33 1299 2240 1477 19.88 2229 2896 18.23  23.75
Total 9.42  16.99 9.65 1436 10.78 1620 14.02 1821 1651 20.20 1496 18.03
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Figure 5. Effective influencing section ratio of sequential speed humps sections

270

Journal of Korean Society of Transportation Vol.35 No.4 August 2017



YOON, Gyugeun - JANG, Youlim - KHO, Seung-Young - LEE, Chungwon Article

Table 5. Average of effective influencing section ratio over sequential speed humps

, Sequential (30m) Sequential (50m)
Vehicle type - -
Day Night Day Night
Passenger car 75.9% (22.8m) 85.7% (25.7m) 73.3% (36.7m) 71.6% (35.8m)
SUV & RV 85.0% (25.5m) 88.9% (26.7m) 74.5% (37.3m) 76.0% (38.0m)
Freight truck 94.1% (28.2m) 100.0% (30.0m) 96.4% (48.2m) 94.6% (47.3m)
Total 81.0% (24.3m) 88.6% (26.6m) 76.0% (38.0m) 75.8% (37.9m)

note: values in parentheses are the average of absolute lengths that vehicle speed were lower than speed limit.
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Table 6. Log rank test result of influencing section lengths among speed hump types
. 4 Isolated < Sequential(30m) Isolated < Sequential(50m)  Sequential(30m) <> Sequential(50m)
ompare
Speeclij hump type Passenger SUV &  Freight Passenger SUV &  Freight Passenger SUV &  Freight
car RV truck car RV truck car RV truck
Day 84 0.008 0.121 0.285 0.000 0.000 0.185 0.000 0.000 0.000
S, 0.106 0.241 0.227 0.003 0.930 0.322 0.167 0.261 0.251
Night 84 0.074 0.000 0.467 0.012 0.000 0.138 0.245 0.288 0.525
S, 0.168 0.316 0.067 0.078 0.266 0.544 0.718 0.779 0.220

note: values with underlines are significant at o= 0.05.
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Table 60141 45232 ] o] whe} w2 ] dap7zke] 2ol 7k HHAIS =) Skelsly] SIs) B -
PP THIN] 42 BA AAL SAstT WA T2 BAA B3t @ Agrre] Aolo] dis] §o5E
0.05% 717FsHe A9 7H B, 50m 714 @44 T A Elo] The o] Hls) Ask& ol 7o) fzo] &
149} oF 4= gl oRgko] Bt 77 vl WOl BelR T A4 T A Aol o] Zfol7t Hl A ol
S| Lher o =, A4 TRl Zhollis 2ol 7k A S A0 2 BHE AT, ol 77 B4 Ao} ok 2}
o1 sl 3210, ool FUct 249 $ 2] ESll YA 2ol LA Ao
Qs 9hes1] w2 24,
olo} U202, Bt 7 TR FobE SEskE 0] LE Z70A TS 8 7] Aot g A

o2 ek BAED] SHEYARE B 013 /1SHE AV A Aol A k= Tk
S8 whpA| o] Ak Fah 5 THCks Bk A 27l 2Rt P4 o]

Table 7. Log rank test result of influencing section lengths among vehicle types

Compared vehicle type Passenger car <> SUV & RV~ SUV & RV < Freight truck Freight truck <> Passenger car
Isolated s, 1.098 (0.295) 6.461 (0.011) 10.578 (0.001)

S, 9.751 (0.002) 3.070 (0.080) 12.523 (0.000)
Sequential (30m) 0.088 (0.767) 0.244 (0.622) 0.525 (0.469)

S, 0.364 (0.546) 1.698 (0.193) 2.664 (0.103)
Sequential (50m) 2.076 (0.150) 1912 (0.167) 8.424 (0.004)

S, 0.490 (0.484) 2.506 (0.113) 3.764 (0.052)

note: p-values are given in parentheses. values with underlines are significant at o= 0.05.

Table 8. Log rank test result of influencing section between daytime and nighttime

Vehicle type Passenger car SUV & RV Freight truck
Isolated sy 2.813 (0.094) 1.370 (0.242) 0.443 (0.506)
5, 0.540 (0.462) 2.968 (0.085) 0.676 (0.411)
Sequential (30m) 3.791 (0.052) 3.813 (0.051) 0.991 (0.320)
5, 0.528 (0.468) 0.045 (0.833) 0.817 (0.366)
Sequential (50m) 3.409 (0.065) 4.207 (0.040) 1.539 (0.215)
5, 0.815 (0.367) 1.081 (0.298) 1.068 (0.301)

note:p-values are given in parentheses. values with underlines are significant at o= 0.05.
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ol i A4 T4 $31 4 5o 2Ae WekE Bas] AHE 53 A - 5 Fge] g
240] Wasieh Z4E ARSe HRs WHoR YTREE 2] gtk A2 Alslgone, B4 gy
wo) BHEE 1H0] Bagh 4 ¢ 7R FBE Blelh, tabA 5 o] wm T2 o] BE Aol 77
4 Qle 1S B YRS RO IPHS SN e BE 958 ReEAARE e s EE 71 Aol
o] BN 2918 Hold 7, o} AHo|e] Lo R e AHE o] §5to] WHEAZS AU Table 9
g HE PR Reeol Ay A3 ASEE SooHES Hale Aot Som 1 A4E NS 3t
L 7 - o2be] SUV B I} ofke] SBAE B3 1 - ¥ QT 1k Aolrt BAH LR folalA ke
o, ol 7] ol A E31 1 g0kl o ek 2o] Selalsict
Table 9. Result of Wilcoxon signed-rank test for matched pairs between s, and s,

Isolated Sequential (30m) Sequential (50m)
Compared - 5 X
Speed hump type Passenger SUV &  Freight Passenger SUV &  Freight Passenger SUV &  Freight
car RV truck car RV truck car RV truck
Day 0.000 0.000 0.009 0.000 0.016 0.001 0.039 0.097 0.039
Night 0.015 0.022 0.039 0.007 0.008 0.038 0.016 0.709 0.093

note:p-values are given in parentheses. values with underlines are significant at o= 0.05.
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Table 10. Log rank test result of effective influencing section ratio among vehicle types

Vehicle type Passenger car <> SUV & RV SUV & RV < Freight truck Freight truck <> Passenger car
Sequential (30m) Day 0.018 (0.894) 6.013 (0.014) 6.484 (0.011)

Night 0.052 (0.819) 0.884 (0.347) 0.410 (0.522)
Sequential (50m) Day 0.634 (0.426) 2.457 (0.117) 3.986 (0.046)

Night 0.013 (0.911) 2.053 (0.152) 2.172 (0.141)

note:p—values are given in parentheses. values with underlines are significant at o= 0.05.

Table 11. Log rank test result of effective influencing section ratio between daytime and nighttime

Vehicle type Passenger car SUV & RV Freight truck
Sequential (30m) 0.914 (0.339) 0.088 (0.767) 0.529 (0.467)
Sequential (50m) 0.283 (0.595) 0.004 (0.947) 2.474 (0.116)

note:p—values are given in parentheses.
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Table 12. Comparison of influencing section length after the 1st speed hump

Quartiles of influencing section length Cumulative survival proportion

for isolated speed hump Sequential (30m) Sequential (50m)
2.80m (75% survived) 82.5% 90.9%
14.06m (50% survived) 75.5% 75.8%
23.64m (25% survived) 75.5% 50.0%
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