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Abstract

Safety issue in school zones is one of the momentous problems in Thailand; in which mostly, the passing vehicles are often
negligent to decelerate their speeds when entering to school areas. Chiefly, during the schools opening and closing times
in a day, a number of students are usually staying in front of such schools. Henceforth, the effort of this study contributes
to seek the efficient form of temporary traffic calming device to substantially decrease speeds of traffic flow. The study
carried out the examination of three types of temporary traffic calming devices on assumption that they efficiently moder-
ate speeds of traffic flow through the actual test at school zones in Rayong Province where a greater number of accident
statistics were recorded. The findings evidently stated that two types of temporary traffic calming devices were suggested
in effectively reducing speeds of traffic flow with statistical significance.
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1. Introduction

Speed is considered as a meaningful factor to road safety
issues. In addition to its subjected influences on accident
severity, it can cause the potential risk of accident occur-
rence. According to the past studies on involving cars, they
addressed the relationship between speed and accident rates
in the form of exponential function and power function
[1]. Regarding Nilsson [11], it was attested more increase
in speed, the greater trends of crashes will be. As well, faster
speeds are directly associated with level of accident sever-
ity. Based on Somchainuek et al.[15], vehicle speed was
accounted for 70% of the leading causes of road accidents
in Thailand. In addition, if considering factors that affect
crash occurrence based on Clarke et al.[4], it indicated
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more than 65% of number of accidents was caused by driv-
ing over the speed limit. In parallel, the study of Richter ED
[13] relating to speed limit pointed out if the speed limit is
raised by 10 km/h (from 90 km/h to 100 km/h), the num-
ber of fatalities on roads will go up to 15% or increase from
46% (90 km/h) to 61%(100 km/h). Moreover, Hugland et al.
[5] also cited that areas - where the speed limit of 90 km/h
is determined, were found 41% of drivers who drive over
the required speed limit. Therefore, this study endeavors
to deter speed rates of passing cars close to the speed limit.

At Intersections in rural areas, severity of crashes is gen-
erally greater than urban intersections [6]. Furthermore,
the number of accidents on rural roads was larger than on
urban ones, especially adolescent group [12]. The study of
Liu [10] and Zajac et al.[17] divulged a high- speed driving



causes pedestrian accidents at severe level. Khorashadi
etal. [8] studied both urban and rural roads in which trucks
usually pass, and found that rural roads with truck traffic
were considerably found a higher level of crash severity
than urban roads. Hence, this study focuses on testing
speed deterrence with temporary traffic calming devices.

In school zones, trends of accident occurrence would be
elicited since such areas have been entered by students for
daily commute to schools during start time 8.00 — 9.00 a.m.
and finish time 3.00 - 4.00 p.m. as peak-times which have
demonstrated a significantly greater number of accidents
than normal-times [9]. In addition, speed is a major prob-
lem of frequent crashes near school zones [7]; accordingly,
this research attempts to provide the appropriate forms of
temporary traffic calming devices to moderate speeds
of the traffic flow in front of schools in rural areas on such
peak-times.

2. Methodology

This section describes data collection methods, installa-
tion practices of temporary traffic calming devices, and
methods for analyzing vehicle speed reduction when com-
pared between before and after installing temporary traffic
calming devices.

2.1 Sample Group

The study applied purposive sampling and selected the
study area of rural schools established in adherence to
two-lane roads at Rayong Province based on the ratio-
nale that when considering accident statistics reports, the
Rayong Province showed the greater severity of crashes,
in that 148 deaths, 72 serious injuries, and 117 minor inju-
ries from 250 accident cases were recorded in B.E.2554
(2011) [14].

Sampling was conducted by using laser gun camera to
collect the spot speed of passing motorcycles, cars, and
trucks. Location of laser gun was designed to install inside
the bush to hide it from observation of drivers (if driv-
ers can observe the laser gun, it might affect their speed).
The data was gathered in two periods including 07.00-
08.00 a.m. (school start time) and 03.00-04.00 p.m. (school
finish time) with distance of every 50 m. taken totaling about
500 m. (11 points) in the direction of both west bound and
east bound. So, total of spot speed is 13,200 times obtained
from 1,200 vehicles. According to a sample, it comprises 400
motorcycles, 400 passenger cars, and 400 trucks randomly
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selected from vehicles passing through survey locations
based on 4 cases including no device installed and when
installing 3 types of temporary traffic calming devices with
100 samples per case (both east and west sides).

2.2 Design of Temporary Traffic Calming
Devices

Each type of traffic calming devices was arranged to suit for
the traffic calming devices used in temporary basis since
school zones are considerably required to reduce speeds on
students entering time in the morning and evening. Three
types of temporary traffic calming device were applied
including:-

1 Type 1: Vertical alignment (only in the center)-encom-
passes the installation of traffic cone in the mid-street
along the center line to reduce speeds as shown in
Figure 1.

2 Type 2: Vertical alignment in the center and two road-
sides- purposes to narrow the lanes enabling drivers to
deter their speed when passing such zone as illustrated
in Figure 2.

3 Type 3: Vertical alignment in the center and two road-
sides with warning light in the center is the type that
provides narrower lanes together with using warning
light to provide drivers in adequate seeing spot from
far-distance with the aim of road hazard prevention as
shown in Figure 3.

2.3 Analysis of Data

This research analyzes each pattern of average speed to
investigate on whether the efficiency of 3 types of temporary
traffic calming devices in reducing speeds of traffic flow is
significantly different. One way - ANOVA was applied for
comparing any differences among average speed of overall
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Figure 1. Vertical alignment (only in the center).
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Figure 2. Vertical alignment in the center and two roadsides.
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Figure 3. Vertical alignment in the center and two roadsides
with warning light in the center.

test based on a statistical F-test. Albeit, the analysis can
only be performed to identify the mean differences among
group, but not determining on which of the sample pairs
are significantly different, so the further test after ANOVA
is required including post hoc test with availability of
post hoc multiple comparisons regarded as pairwise com-
parisons.

3. Findings

3.1 Profiles of 85th Percentile Speed of
Vehicle

Based on previous research [16] involving the issues
of speed affecting accident occurrence, the 85" percentile
speed was prevalently applied for the analysis of vehicle
speeds used for gathering data. Hence, this study devel-
oped calculation of the 85" percentile speed of each type
of vehicles as shown in Figure 4. According to the analy-
sis, the speed profiles found that temporary traffic calming
device Type 2 and 3 markedly decrease the speeds of traffic
flow when compared to Type 1. The reason for this is that
the arrangement style of traffic cones on two roadsides is
more likely to enable drivers feel that lanes are narrower
[2], and then they have to reduce the vehicle speeds. When
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Figure 4. 'The 85th percentile speed of vehicle.

considering the 85" percentile speed profile, temporary
traffic calming device Type 2 and 3 have the greatest effect
on the speed reduction of traffic flow of cars, following by
trucks; whereas motorcycles are slightly influenced by the
use of the devices.

3.2 Analysis of Speed Differences of

Each Type of Temporary Traffic Calming
Devices

Analysis of heterogeneous speed patterns of vehicles pass-
ing each type of temporary traffic calming devices was
conducted by statistical test of ONE-WAY ANOVA which
examines on whether average speed of each type of tem-
porary traffic calming devices is significantly different. It
is noted that data used for ANOVA test must have equal
variances; therefore, variance test of each data group was
carried out with the 95% confidence level. The hypothesis
is denoted as follows:-

2 _ 2 _ 2 —_ 2
HOZ T Normal _aTypel - O-TypeZ - O-Type3

L2 2 .
H: o; #o; at least 1 pair;i #j
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According to Table 1, the findings of homogeneity of
variances test of all types of vehicles are concluded that
cars in west bound (at station 250W 200W 200E 250E)
and east bound (at station 150W 200E 250E), motor-
cycles in east bound (at station 250W 200W 150W 200E
250E), and trucks in west bound (at station 250W 200W
150W 200E 250E) and east bound (at station 250W 200W
150W) accept H,. It means that the variances of each type
of temporary traffic calming devices at 20 speed points
are not different; while in other points, the divergences
of variances are considered thus requiring Brown-Forsyth
statistical analysis for further test. The next step of vari-
ance test uses the following hypothesis for examining
means.

H0 : A Normal :/aTypel :IaTypeZ :/aTypef’

H, : Average speed of temporary traffic calming devices
at least 1 pair is unequal

Regarding Table 2, average speed of trucks passing
temporary traffic calming devices at all stations, along with
motorcycles in west bound at station 250 W - 150 E and
east bound at station 150 W - 250 E, and trucks in west
bound at station 200 W - 150 E and east bound at all sta-
tions has p-value < 0.05, and then considered in rejecting
H,. Thus, it denotes that there is at least 1 pair of means
which show differences in reducing speeds or in another

Table 1. Test of Homogeneity of Variances
West Bound

Station Levene Statistic p-value

Car Mc Truck Car Mc  Truck
250 W 2.00 10.82 1.15 12 .00* 33
200 W 2.11 9.84 1.12 .105 .00* .35
150 W 6.77  13.78 2.35 .00* .00* .01
100 W 5.81 9.91 4.31 .00* .00* .01*
50 W 547  10.83 4.87 .00* .00* .00
CL 7.09  10.08 5.17 .00* .00* .00*
50E 5.79 9.87 5.18 .00* .00* .00*
100E 6.13 1093 5.18 .00* .00* .00*
150 E 3.26 8.16 4.94 .03** .00* .00*
200 E 1.85 4.26 1.50 .14 .01* 22
250 E 1.62 4.48 1.85 .19 .01* .14

* Reject H) when p-value < 0.01 (statistically significant at 1%)
**Reject H) when p-value < 0.05 (statistically significant at 5%)
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Table 1. Test of Homogeneity of Variances (Cond’t) Table 2. ANOVA Test (Cond’t)
East Bound East Bound
Station Levene Statistic p-value Station F p-value
Car Mc Truck Car Mc Truck Car Mc Truck Car Mc  Truck
250 W 359 183 1.73 .02%* 15 17 250 W 5.61* 1.04 11.80 .00* .38 .00*
200 W 3.14 1.58 1.66 .03% .20 .18 200 W 5.81* .99 11.62 .00% .40 .00%
150 W 1.65 2.03 1.22 .18 12 31 150 W 115.24 3.86 3291 .00% 01 .00*
100 W 390 6.04 7.43 01 .00* .00* 100 W 321.25°  18.32*  94.39* .00  .00* .00*
50 W 3.61 593 8.66 .016*  .001 .00* 50 W 339.56* 17.97* 100.24* .00*  .00* .00*
CL 546  8.98 9.33 .00% .00% .00% CL 301.89* 14.81* 75.27*  .00* .00% .00%
50E 3.41 6.19 9.43 .02%*.00% .00% 50E 345.04* 18.39* 95.63*  .00* .00* .00*
100E 3.79  6.19 9.43 01 .00* .00* 100E 340.74*  18.39*  95.63*  .00*  .00* .00*
150 E 8.64 4.87 5.04 .00* .00* .00* 150 E 103.38* 16.50*  72.58* .00*  .00* .00*
200 E 2.15 248 3.08 .09 .06 .03% 200 E 20.93 8.86 33.56*  .00* .00% .00%
250 E 2.15 248 3.08 .09 .06 .03* 250 E 20.93 8.86 33.56*  .00* .00* .00*
* Reject H) when p-value < 0.01 (statistically significant at 1%) *Asymptotically F distributed (Brown-Forsyth)
**Reject H) when p-value < 0.05 (statistically significant at 5%) * Reject H) when p-value < 0.01 (statistically significant at 1%)
**Reject H) when p-value < 0.05 (statistically significant at 5%)
Table 2. ANOVA Test traffic calming devices affects the speed reduction of passing
vehicles. The hypothesis is drawn as following:-
West Bound H, : #; = pt;; i=Normal, j = Type 1, Type 2, Type 3
Station F p-value
Car Mc Truck  Car Mc  Truck Hopy #u3i #

250 W 1373  271* 513  .00* .05 .00* i is the case of no device installed
200 W 1439 278 5.5 00 057 .00* j is three types of temporary traffic calming devices
150 W 112,95  16.95° 19.23 00* 00* 00* Based on the comparison between average speed of
100 W 377.91*° 46.48° 62.88* .00+ .00*  .00*  cars, motorcycles, and trucks, the findings found that aver-
50 W 389.02¢ 46.20° 65.79° .00 .00+  .00*  age speed of all types of vehicles is evidently decreased
CL 324.31°  41.91* 5233 .00* .00*  .00*  when using temporary traffic calming device Type 2 and 3
50E 380.47*° 45.76* 64.52* .00+  .00*  .00*  at station 100 W - 100 E (zones that temporary traffic
100E 353.20° 46.32* 64.52*  .00* .00+ .00+ calming devices were installed) in both west bound and
150 E 59.64* 12.60° 33.70* .00+ .00+  .00* east bound. The comparison test obtains p-value < 0.01,
200 E 4.42 1922  2.71 006* .13 05 which indicates significant differences; while temporary
250 E 464 1.8 255 005 .14 .06 traffic calming device Type 1 does not influence the speed

*Asymptotically F distributed (Brown-Forsyth)
* Reject H, when p-value < 0.01 (statistically significant at 1%)
“*Reject H, when p-value < 0.05 (statistically significant at 5%)

term, reduction of average speed is relied on types of tem-
porary traffic calming devices.

Table 3 illustrates the results of post hoc multiple com-
parisons which were used to compare each pair of average
speed in west bound and east bound between normal
type and 3 types of temporary traffic calming devices. It
is based on the assumption that each type of temporary
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deterrence of cars and motorcycles, in that the test results
represent p-value > 0.05 considered as non-significant dif-
ference. However, the device affects the decrease in average
speed of trucks at station 100 W - 100 E in west bound and
east bound with p-value <0.01, thus refers to the significant
difference in means.

4. Discussion and Conclusion

As regards the study of efficiency in three types of tem-
porary traffic calming devices, the comparison of speed
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Table 3. Post hoc multiple comparisons
Mean Difference (West Bound)
Sta. CAR Motorcycle Truck
1 2 3 1 2 3 1 2 3
250W 1.6 4 —8** -1.2! -1.0" —4.4%* 22 -8 —6.6*
200W 2.3 .6 —8.4* =2 -8 —4.2% —2.2 -8 —6.6%
150W 2.5 -11% 22.1% -1.3 -3.2 —9.9% -1.6 =7.1* -8.3*
100W -2.0 -30% —32.9% —2.4 =7.1% —14.6% —5.8% —13.1%* —12.7%*
50W 2.4 -30%* —32.8% -2.5' —7.0% —14.6% —5.7% -13.1" -13.1%*
CL —-.8' —29.%* —31.8% -1.2* -6.1% —13.5% —4.7%* —11.9% —12%
50E -1.9 -30.1% -32.9% -1.2¢ -6.1% -13.5% —5.6% -12.9% -13%
100E -2.0" -30™% —32.8% -2.3 —7.2% —14.7% —5.6% —12.9% —13%
150E 1.6 —13% —16.3% -1.6' —3.8%* —8.8% -2.3 —6.5% —11%*
200E 1.2 -3 -5.6 -1.1* -1.7 —3.9%* -2.9 -1.2 -3.5
250E 1.7 -2 —5.4 -1.2¢ -1.7 —3.9%* -2.7 -1.2 -3.5
Using Tamhane statistics due to variance differences
* Reject H) when p-value < 0.01 (statistically significant at 1%)
** Reject H) when p-value < 0.05 (statistically significant at 5%)
Table 3. Post hoc multiple comparisons (Cond’t)
Mean Difference ((East Bound)
Sta. CAR Motorcycle Truck
1 2 3 1 2 3 1 2 3
250W 2.3 -2.6 —4.1' -2 —2.5% 2.4 -1.7 5.5% -5.6*
200W 2.2 —2.2¢ —4.4' .0 -2.1 -2.4 -1.8 —5.5* —5.7*
150W 2.5 —17.4% -17.2% -1 -2.4 —5.6* -1.4 -5.2! —10.4%
100W -3 —31.4% —32.9% -2.9 —8.4% -9.3% —6.9% —14.5% -14.8*
50W -3.2 —31.4% —32.9% 2.9 —8.3% —9.3% —7.4% —15% —15.3%
CL —1.8 -30.2% —31.5% —1.9" —7.4% —8.3% —6% —13.6% —13.9%
50E -3.4 -31.7% —33.1% -3.0" —8.4% —9.4% —7.3% —15% —15.2%
100E -3.2 -31.6% —32.9% -3t -8.4 -9.4* =7.3% —15% 15.2%
150E 3.2! —15.6% —17.2% 3.8 5.30%* —6.3% -1.2! —11.4% —11%
200E 3.2 —5.1* —5.8* 3.8 -3.6 -3.8 -1.2! —8.6% —7.9%
250E 3.2 —5.1* —5.8% 3.8 -3.6* -3.8 -1.2! —8.6% —7.9%

Using Tamhane statistics due to variance differences
* Reject H) when p-value < 0.01 (statistically significant at 1%)
** Reject H, when p-value < 0.05 (statistically significant at 5%)

reduction between using devices and normal pattern - at
installing points (100 W - 100 E) covering a total distance of
200 m., indicated the influences of temporary traffic calm-
ing device Type 2 and 3 in decreasing average speed of all
vehicle types with statistical significance (p-value < 0.01).
Whereas, temporary traffic calming device Type 1 does
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not have a significant effect on speed deterrence (p-value
> 0.05); nevertheless it significantly affects the reduction of
average speed of trucks (p-value < 0.01).

Concerning assessment of efficiency of temporary traf-
fic calming device Type 2 and 3, it effectively moderates
car speeds from 29 km/h - 31.76 km/h and from
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31.56 km/h - 32.96 km/h, respectively. Similar to trucks,
speed reduction is in the range of 11.96 km/h - 15.08 km/h
(Type 2) and 12.08 km/h -15.36 km/h (Type 3). Albeit, the
device is able to slightly deter speed in motorcycles, that is,
the levels of decrease in speed of motorcycles were ranged
from 6.12 km/h - 8.48 km/h (Type 2) and from 8.32 km/h -
13.72 km/h (Type 3), which have the greater values when
compared to previous studies that applied temporary traffic
sign and portable changeable message sign (PCMS) in con-
struction work. The past results indicated the effective of two
devices in reducing car speeds equals to 4.54 km/h and 2.55
km/h, respectively. While temporary traffic sign has perceiv-
ably impacts on speed reduction in trucks of 2.10 km/h when
compared to portable changeable message sign [3].

The application of temporary traffic calming devices
provides the capability of speed reduction of traffic flow
in school zones; especially the device Type 2 and 3 are
able to decrease average speed of all types of vehicles
with similar efficiency, or possible substitution among
both types. As well, the device Type 1 is more likely to
be applied for reducing truck speeds. In addition, the
devices are also appropriately used in school zones where
reduction of speeds is considerably required in some peri-
ods of time. Therefore, when the device Type 2 and 3 are
acquired for the application of decreasing average speed
of vehicles, the significant reduction of speeds is greatly
existed (p-value <0.01).
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