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Effect of Vertical Deflections on Vehicle Speed: A Case study from Khon Kaen University
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Abstract

Vertical deflections are widely wused traffic calming
techniques. Due to a change in height, drivers must reduce their
speed when crossing the device to maintain an acceptable level
of comfort. As the measure is based on the experiences of
developed nations, its effectiveness in  mixed traffic
environments is still questionable. Therefore, this study aims to
1) determine the effects of vertical deflections on vehicle speed
on collector roads in Khon Kaen University and 2) identify the
factors that contribute to speed reductions. This study observed
driver behavior on a section of collector road that had vertical
deflection installed, including 3 sections with speed humps and
6 sections with speed tables. The vertical deflections vary in
width from 4 to 14 meters, in height from 5 to 14 centimeters,
and in slope from 1:43 to 1:20. The drone was used to video free-
flowing traffic characteristics. During post-recording analysis,
speed profiles of 1,068 passenger cars and 840 motorcycles were
plotted every 10 meters for 50 meters prior to and after the
location of the device. In addition, the technique of Linear
regression analysis was utilized to determine the contributing
factors in speed reductions. The results revealed that the mean
and 85th percentile crossing speeds were 25-37 km/h and 29-44
km/h, respectively. The speed reduction ranged from 18 to 46
percent for passenger cars and 12 to 34 percent for motorcycles.
According to the speed profile data, vertical deflection can
control the vehicle's speed 20 to 30 meters before and after the
device. In addition, contributing factors to speed reduction

involve device geometry, approaching speed, and vehicle types.

Keywords: Traffic calming measures, Speed hump, Speed
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AL | Uszianse | 9auau A213157 (N3./2.) NaR1IAALE
Joya flowdis Vg (%)
Viggs | Ves | Vigds | Ves| Vieds | Ves
(S.D) (S.D)

1 Car 160 50(6.4) | 57 | 35(7.3) | 43 30 24
MC 83 46(7.0) | 54 | 33(6.7) | 40 29 26

2 Car 112 39(6.4) | 45 | 32(6.9) | 38 18 16
MC 49 4a2(7.4) | 49 | 33(8.1) | 41 20 16

3 Car 138 44(6.4) | 50 | 32(6.9) | 39 27 22
MC 67 44(6.7) | 50 | 33(6.0) | 40 24 21

q Car 99 43(6.1) | 48 | 28(4.4) | 33 35 33
MC 159 44(6.3) | 51 | 34(5.2) | 39 24 24

5 Car 138 51(6.0) | 57 | 28(5.1) | 33 46 41
MC 76 50(7.0) | 57 | 33(5.4) | 40 34 30

6 Car 143 50(5.9) | 55 | 35(5.7) | 41 29 26
MC 102 49(7.8) | 58 | 37(6.6) | 44 25 25

7 Car 65 32(4.0) | 36 | 25(4.3) | 30 20 18
MC 118 34(4.5) | 38 | 30(4.0) | 34 12 12

8 Car 86 4a0(4.4) | 43 | 26(3.6) | 29 35 32
MC 125 44(6.9) | 53 | 31(4.9) | 36 30 31

9 Car 125 39(6.5) | 46 | 27(6.8) | 35 31 25
MC 61 41(6.8) | 48 | 30(6.3) | 38 27 20
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‘I’Jlagﬁ -50 -40 -30 -20 -10 0 10 20 30 40 50
1 Car 160 50(6.4) 48(5.8) 47(5.6) 44(5.4) 39(5.9) 35(7.3) 35(7.2) 37(6.5) 39(5.9) 41(5.7) 44(5.6)
MC 83 46(7.0) 45(6.4) 43(6.0) 41(5.8) 37(5.7) 33(6.7) 33(6.3) 36(5.9) 38(5.5) 40(5.6) 42(5.8)

p-value 0.00 0.00 0.00 0.00 0.00 0.02 0.16 0.31 0.31 0.14 0.04
2 Car 112 39(6.4) 39(6.3) 38(6.0) 37(5.7) 34(5.8) 32(6.9) 30(6.6) 33(5.7) 35(5.2) 37(5.2) 39(5.3)
MC 49 42(7.4) 41(6.8) 41(6.6) 39(6.4) 36(6.7) 33(8.1) 33(7.1) 36(6.8) 38(6.5) 40(7.0) 41(6.9)

p-value 0.01 0.02 0.02 0.04 0.21 0.14 0.01 0.01 0.02 0.06 0.14
3 Car 138 43(6.4) 43(6.3) 42(5.9) 40(5.9) 36(6.2) 32(6.9) 31(6.5) 34(5.9) 37(5.5) 39(5.2) 41(5.5)
MC 67 44(6.7) 43(6.4) 42(5.9) 40(5.6) 37(5.6) 33(6.0) 33(5.6) 36(5.6) 38(6.0) 40(6.3) 42(6.5)

p-value 0.95 0.89 0.76 0.73 0.23 0.17 0.03 0.04 0.10 0.19 0.21
4 Car 99 43(6.1) 41(5.6) 39(4.9) 37(4.6) 33(4.3) 28(4.4) 28(3.9) 31(3.6) 34(3.7) 36(4.0) 37(4.4)
MC 159 44(6.3) 43(5.9) 41(5.8) 39(5.4) 37(5.2) 34(5.2) 34(4.8) 37(4.8) 38(5.1) 39(5.3) 40(5.5)

p-value 0.09 0.14 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 Car 138 51(6.0) 49(5.6) 45(5.2) 42(4.8) 36(4.6) 28(5.1) 28(4.5) 31(4.2) 34(4.2) 37(4.5) 40(4.5)
MC 76 50(7.0) 48(6.7) 45(6.6) 43(5.8) 38(5.5) 33(5.4) 35(5.2) 38(5.3) 40(5.6) 42(5.9) 44(6.2)

p-value 0.61 0.78 0.81 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 Car 143 50(5.9) 43(5.6) 46(5.2) 43(5.2) 39(5.4) 35(5.7) 35(4.8) 37(4.3) 39(4.1) 40(4.1) 41(4.3)
MC 102 49(7.8) 48(7.3) 45(6.7) 42(6.3) 39(6.2) 37(6.6) 38(5.6) 40(5.6) 41(5.8) 43(5.9) 43(5.9)

p-value 0.68 0.42 0.34 0.54 0.73 0.02 0.00 0.00 0.01 0.01 0.01
7 Car 65 32(4.0) 32(4.1) 32(4.1) 31(4.1) 29(3.9) 25(4.3) 25(3.8) 27(3.4) 29(3.0) 30(3.0) 30(3.1)
MC 118 34(4.5) 35(4.4) 35(4.1) 34(3.8) 32(3.7) 30(4.0) 29(3.7) 31(3.5) 32(3.5) 33(3.8) 33(4.1)

p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 Car 86 40(4.4) 39(4.4) 37(4.1) 35(3.8) 31(3.7) 26(3.6) 27(3.0) 29(2.9) 32(3.0) 33(3.3) 33(3.4)
MC 125 44(6.9) 43(6.4) 41(5.9) 39(5.3) 35(4.9) 31(4.9) 33(4.8) 36(5.1) 37(5.4) 38(5.6) 39(5.9)

p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 Car 125 39(6.5) 39(6.3) 38(6.0) 36(5.9) 33(6.1) 27(6.8) 29(5.9) 33(5.6) 36(5.6) 38(5.9) 40(6.5)
MC 61 41(6.8) 41(6.2) 40(5.6) 37(5.4) 34(5.8) 30(6.3) 33(5.8) 36(5.9) 38(6.2) 40(6.4) 42(6.9)

p-value 0.02 0.02 0.03 0.08 0.12 0.00 0.00 0.00 0.01 0.02 0.08

“iuiidny, (1) miwanuseg (2) mimefad (3) mheaziddmans @) mihveovas (5) mihuaunwas (6) wihnalsuyve (7) mhdniisa (8) mhnazwndy (9) i
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| v [ xa | 06 | xa | x

Dependent variable

v | 1000 | | | |
Independent variables

X1 0.64* 1

X3 0.262* 0.214% 1

X4 0.282* 0.188* 0.89% 1

X5 0.018 -0.193* 0.436* 0.674* 1

e Y-anusaianasessaulosudursaenase, X1auivadyas
luvasauunoumdy, X3:a29un319, Xa:270g9, X510, TleaAgyn19adni
viumIIToLIuT 95 1Wosidus

nmsldimatdanisiasigvinisonaseidany (Multiple
Regression) Liteszyiadefididvinademsanauiiivessaiiioniu
Durrasmudy feisnsiadenuuudsudu (stepwise section)
LANaaTURARIAILNLNSAUTDIUUTIADIUATNANITIATIER AL
wUsUsau TnonuihanduussavSanduiuswygo Ae 0.686 Feuans
Thihufsssiuamuduiusvesuusdassiufulsmy Aduuszans
A9viune (R Wiy 0.47 uaza1duusedns nrsviwnefivsuud
(Adjusted R?) Wiy 0.469 thuansliiduiwuusassannsaesuie
AuLUsUsImvestoyalduszinm 47 Wesidud Wil Arauema
wwdsuvesnisnensal dawviafu 5.435 uandlifuiuuusiaesd
AMNAAIALAT aUUTEIN 5.435 wiae dmSunanITiinTeiang
wUsusau lagld Sum of Squares, df, Mean square, F uag Sig N3
AnTginnuduiusvesiuuslagdisua F AU A1 Sig mnAn Sig <
0.05 uanriuwuuTassdiauausaluni1sesusAuLl TUTINY S
Toyaldfuaze F fige uamsdsmuduiudseninsiuy sdaszuaseh
wsmuiifiengeninssduauidestufidaly Tasfien F ity 422.623

3 a

wazA1 Sig < 0.001 AstiuasUldTwuuTiassaiuisaesuisainy

o o

wUsUsmvesteyaldegeliduddynieada dauanddumed 6

a o a &
715199 6 NAATUVDILUUIIABLAZHANITIATIERANNRUTUTIU

Multiple R 0.686
Coefficient of determination (R?) 0.47
Adjusted R? 0.469
Standard error of the estimate 5.435
Analysis of Variance

715199 6 HAATUTBMUUTIRBUALNANITIATIEIATIILUTUTIU (F0)

Sum of df Mean F Sig
Squares square
Regression | 49934.633 4 12483.658 | 422.623 | <.001
Residual 56211.739 | 1903 29.538
Total 106146.372 | 1907

wuusiaestadeiifianiwadenisananuisasa fauandlunmsnedi
7 Faflofiansannansmasoumiudiiusszninsiuusnuimne
wUsiiAn Tolerance 111nd 1 VIF Youndn 10 sedulaiddaymasu
ANNEUNUSTEIINIRILUTDETE (Multicollinearity) Tunuudians

9NAN97 7 waneenduUsyans nnsanaes (B), AUz
AMNAAALAG DUNIATFIU (Standard Error) wazAduUszansns
DANDUUUUATUULNINTEIU (Beta) InonaTiaTgvinuindadedil
Snsnasenisanauiaanan ¢ Jaeuldun Anusivnedyes

Tugnuunounih (X)) Yssansa (X,) AuEs (X,) wagaudu (Xs)

TneiisvazidenunayUadanadl

715197 7 LUUTIRDATIERNISIA0eeLTaNy

Variable | Regression coefficients Statistical Collinearity Statistics
Significance
B Std. | Beta t Sig. Tolerance VIF
Error

Constant| -16.36 0.961 -17.022 | <.001
X1 0.567 0.017 0.629 | 33.26 | <.001 0.778 1.286
X2 -2.723 0.253 |-0.181]-10.781 | <.001 0.985 1.015
X4 0.334 0.074 |0.114 | 4.547 | <.001 0.439 2.277
X5 0.65 0.203 [0.081| 3.194 | 0.001 0.434 2.303

LI X1:AIUS Iz ag s lurNauunoumi, X2:Ussansa, Xa:a17ugq,
X5:AMTY

Ardudszansnisanney (B) vesA1Asil (Constant) A wvinfu
-16.36 wanskiiiuindlelufidededu q uvnAuirdesnzrilinisan
ANERaTailA YU 16.36 nu./a.

A 1vnrdyasturasauuneunit (X)) 1undadaded
dnswasg1aflveddymisaifAnenisanninmiivessa () lneilan
Fuszdvdnisannas (B) Wiy 0.567 nande eddudlimmui
vessnvaurdnyasiintu 1 nu /. vlveaudifianasvessaiior
Lﬁumsaamm%aqqfu 0.567 nai/val. el esannisld ey

o

aunsadgyasiuganuuiige dfulsnlusesanaunsvessnas e

3

SnwnszauanuauneluurirasusuiurasnNus?

a

JadunidnSnadireunfe Useinnueesa (X,) G8nSnaseedl

3
a &

C o w aa 1 < a1 o
dedrAgmisaianonisannuiivessa () lnedfiaduduszdnsnis
annew (B) Wiy -2.723 namdewdlesadnseueudilusafiidedyas

Nruiuvzasnuisaryilianusfianasadsa (Y) #1ninsaeud
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