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ABSTRACT

PURPOSES : Effective speed management is necessary for preventing traffic crashes on the road. Speed hump is known as an effective tool
for managing speed. Unlike existing studies which are mainly focused on humps for vehicles, this study proposed a novel method to determine
design parameters for bicycle speed humps based on a multi-criteria decision making process.

METHODS : Three objectives including the effectiveness of speed reduction, bicycle safety, and user's comfortability were incorporated into
the proposed evaluation framework for determining design parameters. A multi-criteria value function was also derived and utilized as a part of
the proposed method.

RESULTS : Extensive simulations and statistical tests show that an integrated bike-box way is identified as the best in terms of operational
efficiency and safety.

CONCLUSIONS : It is expected that the outcomes of this study can be a valuable precursor for developing design guidelines for bicycle
road and facility.
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[ Experiment on bicycle speed humps ]
[ Select assessment criteria and collect cycling data ]
|

L2 L2
Speed Cycling safety Cycling
reduction - Coefficient of variatior)  comfortability
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[ T |

!

Select function of value by multi-criteria decision making

!

[ Calculate weight using AHP method }

I

Compute final value and evaluate bicycle speed humps

I

Draw conclusion

Fig. 1 Proposed Study Procedure
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Fig. 2 Example of Bicycle Speed Hump

Table 1. Description of Bicycle Speed Hump Cases

Case Size
Case 1 L500 + H50
Case 2 L600 + H60
Case 3 L1000 + H75
Case 4 L2000 + H75

5 9 7are) 240 1 Fhsoteh, A 2HYFS

D), Y5EED), Z25ETD7t
gl }frélfﬂ“‘/} 2 Aol M= BEAlA
A A=T A7 o] &k Y/dah g Roll
7+ o]-83k3lth Fig. 34w Araoll AHEE A
AAGPSEEA 9 WAAE AASHA.

A A _L}_]_HPX]EJO] WEOLA /\]H 224 zt 010]:
PREEDESCEREEEES EAEE D
7 FAeLHA Bhiolth, FWFA AUA oA 3
A Y 22 vAg B2l 25 A1 9
A A e =4,
2259 HHoR ofojxir}, ol whE
AT 4= gl Y (Falling)o|HIEZ}
2 A7 s A

3 A, AR FHKAAE T meislel AAlstelof
st} mheb B AT o] T 2AS BEA7]]
s FAEY 9 koo W SeAgaTe} 3
AL FHPANS W BT AHAY &
EAREIE SEUSE B9 Bleldch A
oA YAoHIEE tjare 2 dlo] xwe] 427 A
oM ARATL 7ol RS BESH Awel xF
Z44=9 Rollzt ARE 45t A2
RollZke] W¥o] 242 A0 BAIS

92 A% BEE Ho] B 73
B ATAAE RollZke] WEASE o

OE

1o
)

oo e
A
&)
9
S~
>
Ogl:",
o
o
1o
I
olN
N
b

ConE orlo e oot IR




r{m r
QL
2

1:} Fig 4= 7(1—
=2 Lehd Floldt,
z= E}E7ﬂ tpeht

BAE Lehy

Curb(7em)

Bicycle lane

Bicycle speed hump

40

Fig. 4 Normal Distribution of Roll Angle by Obstacles

AAA BEHAY AHolM = 24~28K19) H-

el

4 30

F3}

o3
Y
r°"

offft B o Mt mx
-
mlo

i\l‘: (
-l>§g?ri
>

il

(e 4

AR olgel 2 Cased
Wsto] a7 3y

P
.F_X
24

4 o

X

[¢)

l'U_L,

73

<

¢

31 ¢

bk %29 7

o] 1
03S thiato 2 AAAGPSEEA 2 TAAIA
394 2w

&9} A7 Rollzt

ek Rollzhe] H
Ald|olElof| A =23 W4

F 7R AEE XolS TR st AR
7F AEEAIM 9 A=E A F7HAEY e
MRSE olgstel BHFIAL 2+ BT T
e Kirkwood(1997)0fl 4 AARE A& ARE-0H3]
onj AAA BEEAE AP FHE SEGA
o] ._.7].151-/\5'. ZIAA W=7} 2712 2PA
7 e el AL 2l SRgtad 2
A4 e S7HEHS Ae7AdTA Eq. 1)
3, FALHAE RollZHe] WEAS7 &
A YA A SR e
Eq. 2()& AR&3HATh At | 2 229 7
htel Brblzoz Sus] Slstel B 74

>
op
_O|_1IJ
2

Ju

A 4> o
we o 4>
r

o

Table 2. Descriptive Statistics of Collected Data and Result of Comfortability Survey

Speed reduction(kph) Coefficient of variation in roll angle(deg/s)
Case Result of comfortability
Average iqugt?;ﬂ Max. Min. | Average 2?\;;?;2 Max. Min, | survey(iOpoint scale)
Casel 2.66 1.88 0.50 8.50 1.09 0.13 1.32 0.83 4.44
Case2 4.30 2.26 1.20 11.10 1.24 0.20 1.81 0.92 4.56
Case3 2.90 1.63 0.10 8.00 1.13 0.17 1.55 0.68 6.00
Case4 297 2.08 0.30 7.10 0.96 0.15 1.31 0.64 7.47
Table 3. The Survey of the Experts for Weight Computation
Assgssment Extremely Very Moderate Rarely Same Rarely Moderate Very Extremely Assgssment
criteria criteria
91 8:2 73 6:4 526 4:6 37 2:8 119
Importance Importance
<~ _ >
Speed Cycling
odueton | @ ® |6 6 |@ 6|2 ® | @ 0@ |0 6 6 0 9 | ey
Speed Cycling
reduction ® @ ® ® @ ® @ ® @ © @ ® ® @ ® comfortabilty
Cycling Cycling
safety ® @ ® ® @ © ® ® ® © @ ® ® @ ® comfortabilty

- Cycling safety : Secure of cycling safety in time of passing speed hump
- Cycling comfortability : keeping cycling comfortability in spite of in according to speed change
- Speed reduction : Effectiveness of speed hump
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