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ABSTRACT: Inappropriate speeding is one of the
main causes for traffic-related injuries and fatalities.
Studies have shown that more than 50 % of Danish
car drivers regularly speed on urban roads and nearly
75 % of them speed on rural roads. Physical speed-
calming measures, particularly speed humps, are
widely used to reduce speeding in urban areas in the
Danish road network. However, speed humps are of-
ten located based on reasons other than ensuring that
they have the best effect on reducing the speed of ve-
hicles. Furthermore, their speed-calming effect is not
utilised sufficiently. This study evaluated more than
570 speed humps on roads with a 50 km/h speed limit.
The main results reveal that speed increases with an
interval between speed humps of up to 200 m at ap-
proximately 60 km/h. Additionally, a positive correla-
tion was found between the distance from the roadside
to the roadside buildings. The actual interval between
speed humps ensures that suitable driving behaviour
is carried out is 52 m, 70 m and 164 m for through
roads, main roads and residential roads, respectively,
in cases in which roadside buildings are situated far-
ther from the road. Similar values were found for the
intervals between speed bumps on these three types
of roads (67 m, 89 m and 261 m, respectively) when
there is a shorter distance between the roadside and
the roadside buildings. Overall, speed humps are an
efficient way to reduce speeding in built-up areas; how-
ever, aside from the interval between the speed humps,
the distance from the roadside to the roadside building
is the only significant factor contributing to the speed
of the car for drivers on these roads.

KEYWORDS: Speed Calming; Speed Humps; Traf-
fic Safety

1. BACKGROUND

Inappropriate speeding is a key factor that contrib-
utes to the increased risk of accidents, injuries and
fatalities in a road network (Nilsson, 2004; Elvik,
2013). Additionally, speeding has a negative effect
on security (Hauer, 1997). Even minor speed of-
fences are known to increase the risk markedly, es-
pecially for unprotected road users (Rosén, Stigson
& Sander, 2011; Elvik, 2013). This increases the
importance of reducing speeding problems on roads
in built-up areas, as the drivers often operate their
vehicles at higher speeds than what is recommended
(Karlgren, 2005; Eksler, Popolizio, & Allsop, 2009;
Rosén, Stigson, & Sander, 2011; Antic, Pesic, Vu-
janic, & Lipovac, 2013). For decades, it has been
clear that neither information nor police enforce-
ment can sufficiently reduce the problem of speeding
(Agerholm, 2011). Therefore, to avoid speeding in
urban areas, physical speed calming (SC) measures
are required where the road design does not hinder
speeding (Varhelyi, 1996).

A range of SC measures has been used in differ-
ent variations in various countries, and their posi-
tive effect on traffic safety has been proven (Elvik,
2001; Wellis et al., 2004; Elvik et al., 2009). How-
ever, the presentation of the different solutions is
based on those used in the Danish road network as
they are suggested to include most types of SC physi-
cal measures, especially those that are relevant to this
study. In general, physical SC measures can be speed
humps, speed bumps, narrowing and elevated sur-
faces (Danish Road Directorate, 2013). In this paper,
speed humps refer to rather long elevated areas with
a length (measured in longitudinal direction to the
road) of 8-10 m of a road with a soft shift to the road
surface. Speed bumps are understood as short (in
longitudinal direction) elevated units that, in general,
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reduce the speed of a vehicle to very low levels, with
subsequent accelerations. This study aimed to study
speed humps that allow for driving at the speed limit
without discomfort while also ensuring significant
discomfort if the driver is speeding. A more detailed
description can be found in Agerholm, Knudsen, and
Variyeswaran (2017). While a range of intelligent
transport systems have SC effects, they are not elabo-
rated on in this paper.

The effects of speed humps have been studied
in a range of small-scale studies. An older Danish
study conducted in connection with establishing SC
thoroughfares showed significant positive effects on
driving behaviour (Rosbach, 1996). Additionally,
14 Swedish urban street segments were investigated
to determine their speed pattern in relation to various
characteristics of the segments. The mean speed on
these streets was 23-49 km/h; the highest value was
on a straight segment without SCs and the maximum
speed was 73 km/h. These street segments were lo-
cated in dense urban areas with surrounding apart-
ment buildings and with a short visual range. This
Swedish study also found that speed was reduced
on roads where the roadside buildings were tall and
situated close to the lane, and vice versa (Karlgren,
2005). In Serbia, a study based on the laser registra-
tion of speed found a lasting effect for speed bumps
with a length of 0.96 m (i.e. a much shorter length in
comparison to speed humps). The effect was meas-
ured only at distances of 25 m and 40 m from the SC.
The effect was almost persistent over time, but the
vehicle speeds increased between the speed bumps.
The 85" percentile speed (85-speed) was below the
speed limit on the entire midblock after establishing
the speed bumps (Antic, Pesic, Vujanic, & Lipovac,
2013). Another Global Navigation Satellite System
(GNSS)-based small-scale study on thoroughfare
speed humps in five minor villages showed that speed
humps should be closer than 150 m to each other to
keep the 85-speed below a 50 km/h speed limit. They
also found that roadside building density had an effect
on the speed. Although it was not possible to estimate
the direct effect of the roadside building, it appeared
that the denser the street area, the lower the recognis-
able speed (Jorgensen et al., 2013). A more significant
effect was found in a study conducted in Israel on ur-
ban arterial roads in medium-sized towns (Gitelman
et al., 2016). In that study, eight raised pedestrian
crossings resulted in a reduction of the mean speed
and an 85-speed of up to 29 km/h, and the effect was
persistent over time (Gitelman et al., 2016).

Moreover, the establishment of sinus-shaped
speed humps (height: 10 cm; length: 950 cm) and
chicanes (narrowing) was studied using Floating Car
Data (FCD) from 3,216 trips of vehicles passing one
or more SCs. The main results were that the effect
from SCs on mean speed and 85-speed decreased as
the distance to/from the nearest SC increased to ap-
proximately 75 m. When the distance to/from the SC
is greater, it is difficult to identify a clear connection
between the distance to/from the SC and the speed
choice. This is reasonable because other factors,
such as the distance from the roadside to the road-
side buildings, which has a significant effect on the
speed choice when the SC is more than 75 m away.
While the use of speed humps and chicanes result-
ed in an almost identical speed reduction, the use of
speed humps alone resulted in a greater reduction
in the speed variation (Agerholm, Knudsen, & Vari-
yeswaran, 2017). In a test setup used to measure the
SC effects from speed humps and speed cushions in
Brno (CZ), Vilnius (LT) and Krakéw (PL), a range
of data collection methods were used to ensure that
the data were obtained only under free flow condi-
tions. The first were with a 30 km/h speed limit while
the latter were with a 50 km/h speed limit. In total,
9 midblocks with 3-9 humps/cushions were included.
The main result was that the mean zone of influence
included a distance ranging between 31-75 m and the
mean speed was reduced by 13-21 km/h (Ambros
etal., 2017).

While these studies showed that speed humps
have an SC effect, the local design of the measured
road midblock and the speed humps differ, and the
more general effects are not clear. Therefore, there is
limited documentation regarding the persistence of
the effects of speed humps on minor urban streets
without dense buildings and with a straight curva-
ture. While many (mainly older) studies are based on
speed measurement in spots and, hence, an unclear
persistence, others have measured the effects of SC
on road segments with a lower distance of visibility.
Thus, this study aimed to clarify which effect the in-
terval between the speed humps has on the speed of
a road midblock with a straight shape.

2. DATA

Data regarding driving behaviour was extracted
from the Danish research and innovation project,
the ITS Platform; the data were collected from May
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2012 to December 2014. In total, 431 mainly private-
ly-operated cars were equipped with an onboard unit
that collected driving data with 1 Hz. Data included
position, speed, direction, car ID and accelerations,
and were subsequently denoted as FCD (Lahrmann
et al., 2012, 2013; Agerholm et al., 2014). A total of
1.3 billion FCD points, equivalent to a distance of
15 million km driven, were collected (Goeg et al.,
n.d.). Because the ITS Platform was operated within
the centre of North Denmark, the majority of the
FCD were collected there, and only the FCD and data
about speed humps in the North Denmark Region
were included.

All the midblocks included in the study were
two-lane roads in built-up areas equipped with two or
more speed humps, as defined in Section 1. For each
interval between the speed humps, the following data
were recorded:

* Interval between speed humps (m);

* Road type: 1: local residential road, 2: main
road between neighbourhoods, 3: through
roads;

* Roadside characteristics: 1: bicycle path
(elevated with curb), 2: pedestrian area
(elevated with different surfaces and curbs),
3: bicycle lane (same level with painted
delimitation) and 4: distance to buildings
(m) and road width (m). Road width and
distance to buildings were categorised
in tertiles.

The distance between two speed humps was de-
fined as an interval. The midblocks from a change in
the speed limit to the nearest speed humps and vice
versa were not included in order to avoid the effects
from the shift in speed limits, etc. To eliminate any
additional speed-effect factors, the included intervals
fulfilled the following conditions:

e Located in built-up areas;

* A speed limit of 50 km/h (the speed limit in
Danish built-up areas if no further restrictions
are provided);

* No bends in the road geometry that affect
driving behaviour;

* No other SC measures (narrowing, chicanes,
elevated surfaces, roundabouts, etc.);

* Always the priority road;

* No other identifiable speed-reducing design
elements.

Data concerning the speed humps was collected via
manual inspection of high-resolution orthophotos and
saved ina geographical information system (GIS). They
were then sorted in order to retain the data that fulfilled
the requirements listed above and that were connected
with the pertinent FCD. Information about road type
was collected from scrutinising the midblocks, which
are equipped with speed humps, on orthophotos from
the Danish Map Authorities and on Google Street View
in combination with the road authorities’ road plans.
Information about the presence of bicycle paths, bi-
cycle lanes, pedestrian areas and road width was ex-
tracted from the Danish national road database. The
distance to buildings was measured using orthophotos.

3. METHODS

The relevant FCD for this study were extracted from the
FCD from the ITS Platform, as noted above. Only FCD
that could be geographically connected to the selected
midblock were extracted. The FCD were map-matched
to their pertinent midblock to organise the data. This
was done for all trips driven on each road interval.
Then, the maximum speed for each trip at each road in-
terval was identified. Afterwards, the maximum speeds
for all trips were identified, and the 85" percentile of all
maximum speed (subsequently denoted as 85-speed)
was calculated for each interval (see Figure 1). The
driving directions were not distinguished because the
characteristics of the road design are the same for all
the included midblocks. Each interval is evaluated in-
dependently from the adjacent intervals.

Linear regression analysis was used to model the
connection between speed and interval. Furthermore,
we used LOESS, a data-driven nonparametric esti-
mate of the relationship between variables in windows
of the data - windows that are shifted along the axes in
the data set in order to draw a best fitting curve (Cleve-
land, 1979). The LOESS was estimated to identify
a basic model of the relationship between the speed
and interval in the data set. In the univariate analyses,
more variables were included in the basic model men-
tioned above. The final model comprised the variables
that were significant at the 5 % level (in the univari-
ate analyses) that were also statistically significant in
a multivariate model that evaluated the simultane-
ous effects of the included variables on speed. Robust
standard errors were estimated. When developing the
model, it was found that it was difficult to model infor-
mation on road width and distance from the roadside
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to the buildings in actual numbers. Therefore, the val-
ues for these two variables were classified in tertiles,
which allowed us to build a better model.

4. RESULTS

Before calculating the 85-speed between the pairs of
speed humps (intervals), we removed one outlier with
a maximum speed above 200 km/h. We began with
a data set of 378 intervals (and 570 speed humps);
however, before conducting the analysis, we removed
observations with intervals above 400 m (n = 8) be-
cause there were not enough of them to contribute
meaningfully to the analyses. We also removed 12 in-
tervals because they were based on less than 25 obser-
vations or less than 10 individual drivers. After these
exclusions, we ended up with a data set of 358 inter-
vals, which originated from a total of 694,815 passag-
es. The mean (standard deviation [SD]) 85-speed was
57.3 km/h (5.4 km/h) with a minimum of 39.5 km/h
and a maximum of 70.3 km/h. Thus, in most of the in-
tervals (91 %), the 85-speed was above the speed limit
of 50 km/h. The mean length of the intervals (SD) was
181.2 m (59.8 m) with a minimum length of 27 m and
a maximum length of 385 m. Additional characteristics
of each interval were measured (Table 1). Most of the
intervals stemmed from through roads (57 %); 36 %
of the intervals originated from main roads. Relatively
few intervals (7 %) stemmed from residential roads.
The variables of road width and distance to buildings

were divided into three categories with midpoints at the
33" percentile and the 67 percentile, respectively. As
was expected with the studied road types, most of the
intervals (83 %) had a pedestrian area, whereas half of
the intervals had either a bicycle path or a bicycle lane.

As a first step, we considered the relationship be-
tween the 85-speed and the interval in the data set for
all 358 intervals. To obtain an idea of the form of the
association, we drew a LOESS curve (see Figure 2).
The fitted curve in the plot was estimated in the lin-
ear regression analysis (further description below).
When evaluated by eye, we noticed a strong similar-
ity among the curves.

The LOESS curve suggested a logarithm transfor-
mation of both the speed and the interval (R?= 0.27);
in order to increase the R-square measure, we also
included the untransformed interval in a basic model
of the functional relationship between the speed and
the interval between the speed humps (R?= 0.28 was
slightly better). A p-value of 0.0003 for the untrans-
formed interval indicated that this variable was neces-
sary for a better fit. The model estimates are presented
in Table 2 (basic model in the left column). This study
confirmed a clear positive correlation between the
maximum speeds between the speed humps and the
interval between each pair of speed humps. The speed
increases rapidly based on the interval size until ap-
proximately 200 m, then the speed levels off, ending
at a maximum of approximately 60 km/h. After the
fitting of the basic model, we included additional in-
terval characteristics in a model selection process.

Figure 1. The method used to identify the speed for each interval.
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Table 1. Descriptive statistics of the speed-interval data and related factors measured in the individual assessment of
each speed hump.

Variable n Mean or % SD Min. Max.
85-speed (km/t) 358 57.27 5.44 39.46 70.24
Interval (m) 358 181.25 59.81 27 385
Road type

Residential roads 25 7%

Main roads 129 36%

Through roads 204 57%

Road width

3.6-6 m 119 33%

6.1-6.8 m 119 33%

6.9-11m 120 33%

Distance to buildings

5.8-119m 119 33%

12.0-16.0 m 119 33%

16.1-66.3 m 120 33%

Pedestrian area

Yes 296 83%

No 62 17%

Bicycle path

Yes 86 24%

No 272 76%

Bicycle lane

Yes 95 27%

No 263 73%

85% percentile of max speeds (km/h)

T T T
0 100 200 300 400
Distance between humps (m)

O Data points
=m=mm | OESS curve
e Fitted curve R2=0.28

Figure 2. The distribution of the 85-speed by intervals between the speed humps in 358 different pairs of consecutive
humps. The LOESS curve is a data-generated estimate of the correlation between the speed and the interval; the dotted
curve depicts the curve estimated in the linear regression analysis. The plot was created as an aid in the modelling process.
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Table 2. Three models of the relation between the logarithm of the 85-speed between the speed humps in each of the 358
intervals and various characteristics of the intervals were estimated in the model selection process. Information in the left
column is from the basic model that was estimated to describe the base relation between the speed and interval. Informa-
tion in the middle column is from the full model in which all the variables from Table 1 were added to the basic model.
Information in the right column is from the final model, where all the nonsignificant variables at the 5 % level were dis-
carded from the full model. (See text for details regarding the model selection process.)

Variable Basic model Full model Final model

Estimate Robust SE )/ Estimate Robust SE )/ Estimate Robust SE P
Ln (Interval) 0.248 0.048 <0.001 0.222 0.036 <0.001 0.216 0.038 <0.001
Interval -0.0007 0.0003 0.015 -0.0007 0.0002 0.003 -0.0006 0.0002 0.007
Road type
Residential 0 0
roads (ref)
Main roads 0.125 0.019 <0.001 0.129 0.018 <0.001
Through roads 0.165 0.02 <0.001 0.179 0.018 <0.001
Road width
3.6-6 m (ref) 0
6.1-6.8 m 0.003 0.009 0.73
6.9-11m -0.012 0.1 0.232
Distance to
buildings
5.8-11.9 m (ref) 0 0
12.0-16.0 m 0.032 0.009 <0.001 0.042 0.008 <0.001
16.1-66.3 m 0.045 0.009 <0.001
Pedestrian area -0.016 0.01 0.119
Bicycle path 0.004 0.01 0.712
Bicycle lane 0.018 0.009 0.056
Intercept 2.891 0.2 <0.001 2.864 0.147 <0.001 2.867 0.159 <0.001
R? 0.28 0.59 0.57

The model selection process continued through
the univariate analysis of each of the categorical
variables (shown in Table 1) in the basic model com-
prising the logarithm of the interval variable and the
untransformed interval variable. All the variables
were statistically significant at the 5 % level. We then
created a multivariate regression model of the loga-
rithm of the 85-speeds at each interval in the loga-
rithm of interval, interval and the categorical vari-
ables. We then, again, eliminated the variables that
were statistically insignificant at the 5 % level and
ended up with a model comprising the logarithm of

the interval variable, the interval variable, road type
and distance to buildings. We tested whether the two
categories, “12.0-16.0 m” and “16.1-66.3 m”, could
be pooled, which was possible (p = 0.11); thus, we
end up with a final model as displayed in the column
to the right in Table 2. As seen, the estimates are very
similar from model to model, which may indicate
that the simplification did not have a significant ef-
fect on the results.

The final model is depicted in the graphs pre-
sented in Figures 3-5 for each of the road types: main
roads, through roads and residential roads.
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Figure 3. The speeds on the main roads as a result of the intervals between the speed humps and the roadside buildings.
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Figure 4. The speeds on the through roads as a result of the intervals between the speed humps and the roadside buildings.
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Figure 5. The speeds on the residential roads as a result of the intervals between the speed humps and the roadside buildings.

Regardless of the intervals between the speed
humps, in general, the 85-speed is lower on the resi-
dential roads in comparison to the main roads and
the through roads (p < 0.001 for both). Moreover,
a speed difference was found between the main roads
and the through roads (p < 0.001) with the highest
speeds on the through roads. Additionally, the dis-
tance to the roadside buildings is essential for the
85-speed. The longest estimated interval on the main
roads, if speeding should be avoided, was 70 m and
89 m away from the SC and close to the buildings, re-
spectively. Similar results were found for the through
road (52 m and 67 m, respectively) and for the resi-
dential roads (164 m and 261 m, respectively).

Considering the information presented in Table 2,
Equation (1) can be used to depict the relationship
between the speed, interval, road type and distance to
the roadside buildings.

(1)

The model shows that the interval between the
speed humps, the road type and whether or not the

buildings are close to the roadside affect the driving
speed. All things being equal, this results in increased
intervals and in increased speed although the effect
is 23 % higher with an interval of 50 m in compari-
son to an interval of 200 m. Moreover, in compari-
son to the residential roads, the 85-speed was 14 %
and 20 % higher on the main roads and the through
roads, respectively. If the roadside buildings are dis-
tant, cf. the definition, the speed is 4 % higher.

5. DISCUSSION

5.1 Methods

FCD are very numerous, and successful driving
behaviour analyses based on that data set require
a proper simplification of the data in order to see the
pattern of relevance and to extract tangible results.
This is especially crucial because each passage can be
represented with hundreds of observations. If, for ex-
ample, the speed profiles for each interval were used
as they are in Agerholm et al. (2017) and Jergensen
et al. (2013), a full representation of FCD would ap-
pear, and it would be possible to obtain clear results
concerning each interval depending on the distance
of the interval to the speed hump. While the mean
speed and 85-speed could be shown, it would be dif-
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ficult to group the intervals because all the variables
would have to be identical in order to group them.
Thus, there would have been a range of models that
have little or no connection with each other.

Hence, in order to model FCD across the inter-
vals, it is necessary to identify one observation per
passage per interval. We have chosen to use the
highest registered speed per passage in order to
clarify the extent of the speeding that occurs in these
intervals. The use of the mean speed or the 85-speed
(85" percentile of the individual passages) would
even-out any speeding in the interval. Moreover, in
opposition to the maximum speed, it can be consid-
ered that the mean speed and the 85-speed of the pas-
sages of intervals are affected by the interval between
the speed humps (Figure 6). The mean speed for the
entire interval, regardless of any reduced speed near
the speed humps, will underestimate any speeding
problems in each interval because the mean speed is
often lower than the speed limit due to the reduction
in speeds close to the SC measures. Additionally, it
would have treated the shorter interval results differ-
ently from the longer interval results, as the share of
driving under the influence of the speed hump would
have been greater.

Based on the aggregated results used here, one
could argue that we should have chosen the maxi-
mum or mean speed instead of the 85-speed; how-
ever, in order to avoid dilution of any speeding prob-
lems on this aggregate level, the mean speed is not

suitable. Moreover, the maximum speed is reasona-
bly not appropriate, as it would reflect any individual
extreme driving behaviour, exaggerate any speeding
problems, and is not based on the traditional ap-
proach used to measure any speeding problems via
a chosen percentile.

A clear advantage of the study is the relatively
large data set consisting of measurements from a to-
tal of 358 intervals. Therefore, it is surprising that no
further variables became statistically significant in
the multivariate analysis. We concluded that the ef-
fect of the size of the interval and the distance to the
buildings were predictors of the 85-speed that were
so strong that they would, somehow, eliminate the
importance of other factors. As seen in Table 2, we
found a marginally statistically significant effect of a
bicycle lane (p = 0.06). This might be due to the fact
that car drivers can experience bicycle lanes as being
well-defined, so they can relax and drive a bit faster.
However, due to its low contribution and its margin-
ally statically significant effect, we have decided to
skip it in the final model.

5.2 Results and general effects

SCs on main or through roads could be disputable
and, in general, they are not used. However, the
present study, as well as the majority of the studies
discussed earlier in this paper, show that SCs are
necessary if a suitable speed must be met. However,

Figure 6. Principal sketch with the connection between the mean speed and the interval between the speed humps.
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this requirement has to be balanced with the environ-
mental costs of any speed variation, extra abrasion or
discomfort among especially professional drivers in
combination with any extra time use when the choice
of speed limit must be made. Therefore, implement-
ing SCs on main or through roads represents a trade-
off between safety and other factors.

In the present study, we focused on roads with
a 50 km/h speed limit because that is the main speed
limit in urban areas in Denmark. Other studies, such
as Rosén, Stigson and Sander (2011), Elvik, (2013)
and the Swedish Vision Zero, have reported that,
from a safety perspective, a speed limit of 30 km/h is
suitable in built-up areas, where a significant num-
ber of vulnerable road users are expected to be pre-
sent. However, other perspectives affect the choice
of speed limits; of these, travel time is important,
especially on main and through roads. It is due to
time-cost understanding, but also in order to keep
these roads as the main access route for most road
users instead of driving on small, narrow streets in
built-up areas, which might be slightly shorter, but
much riskier from the vulnerable road users’ per-
spective. Because the resources for establishing SCs
are limited and it is difficult to keep the driving speed
low without physical interventions, at least in Den-
mark, the road authorities, in cooperation with the
police, have been hesitant to require speed limits of
30 km/h or 40 km/h without SCs or a road design,
which makes it obvious that a low speed limit is the
best option.

From a safety perspective, however, the perfect
strategy would be to designate a 30 km/h speed limit
for all residential roads and matching SCs. On the
roads in built-up areas that are meant for general
traffic flows where it is not possible to separate mo-
torised traffic from vulnerable road users, a 50 km/h
speed limit is recommended, but again with the
matching SCs. A higher speed limit would only be
suitable on main or through roads with none or very
few vulnerable road users and limited access to/from
roadsides.

6. SUMMARY AND CONCLUSION

In general, speeding is a problem in most road net-
works. This is especially true in the case of built-up
areas, where road design, although in combination
with speed limits and enforcement in many cases,
does not designate an obvious suitable speed. In

many countries, speed humps are used as an SC
measure in built-up areas. The design of the speed
humps and their mutual intervals affect the SC ef-
fect from them. While many studies have shown
a clear SC effect, the maximum recommendable in-
terval between the speed humps has been found to
be lower than what is typically implemented. More-
over, it has been reported that the interval between
the speed humps is not the only factor that affects
the speed choice among car drivers. In Denmark,
where speed humps with a height of 0.1 m and
alength of 9.5 m are widely used, their SC effect has
been evaluated in this large-scale study concern-
ing roads with a 50 km/h speed limit. In total, the
speeds in 358 intervals between speed humps were
studied based on the highest measured speed from
each passage. It was found that the 85-speed was
57.3 km/h, and the studied intervals were divided
into three road types: main roads, through roads
and residential roads.

The study showed that the 85-speed increased by
the interval length up to approximately 200 m. The
85-speed levelled out at around 60 km/h from inter-
vals above a length of 200 m. The type of road had
an impact on the 85-speed, with the lowest speed on
the residential roads and the highest speed on the
through roads. Also, the distance from the roadside
buildings to the roadside modified the association
between 85-speed and interval length as the speed
increased by distance to the roadside buildings. Our
model suggests that the maximum length of interval
between speed humps on the three road types with
relatively large distance to the roadside buildings is
52 m, 70 m and 164 m for through roads, main roads,
and residential roads respectively. Where the build-
ings are relatively close to the roadside, the maxi-
mum lengths of intervals are recommended to be
67 m, 89 m and 261 m for through roads, main roads
and residential roads, respectively.

The effect from the speed humps was approxi-
mately 23 % higher with an interval of 50 m in com-
parison to an interval of 200 m. In areas in which the
buildings were situated farther from the roadside, the
speeds were 4 % higher. Overall, speed humps are
an efficient way to reduce speeding in built-up areas,
but the individual speed humps must be placed at an
interval that is significantly shorter than the recom-
mended interval to avoid speeding. This is especially
the case where roadside buildings are situated farther
from the road, and it does not seem to be interpreted
as an urban area by the drivers.
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