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Abstract  
 

In recent decades traffic calming, especially in villages situated on 

through roads, has become an urgent issue. Various schemes are 

applied in the transition zones to reduce the inbound traffic 

speeds and thus improve the traffic safety. The studies conducted 

in several countries point to different determinants of the speed 

reduction obtained in this way. This article deals with the schemes 

including a central island horizontally deflecting one lane, 

located in transition zones to villages with 70 km/h speed 

restriction on two-lane roads (6 m carriageway width). In order 

to identify the speed reduction determinants, the speeds before 

and after chicanes were measured and the effect of the three 

criteria was investigated, characterising: the traffic management 

scheme, road design parameters, landscape elements present in 

the surroundings of the transition zone and visibility conditions. 

Based on the confirmation of logical tautology of many pre-

selected factors, one aggregate parameter was proposed for the 

assessment of the practicable level of speed reduction, combining 

the effect of the selected factors in the above-mentioned criteria. 

Statistical analysis of the obtained results confirmed a statistically 

significant relationship between both the speed reduction value 

and the speed reduction index, and the aggregate parameter 

proposed by the authors. Factors related to the surrounding 

landscape and visibility conditions were found to have the 

greatest direct effect on speed reduction. The chicanes chosen in 

the final step of the proposed design process should be enhanced 
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by additional solar-powered elements ensuring their improved 

visibility. These devices should not, however, require any 

additional energy supply and should not increase the construction 

or maintenance costs. 
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Introduction  
 

The increase in traffic volumes observed in recent decades has 

aggravated transport-related problems in small towns and villages 

situated on roads carrying through traffic [1–4]. The ever-increasing 

traffic volumes frequently exceed the capacities of the existing 

intersections, causing problems with parking spaces in built-up 

areas [5] and increasing the frequency of road traffic incidents 

[4,6,7],   the level of noise [8–11] and the concentration of 

exhaust fumes and pollution in the immediate vicinity of roads 

[4,11,12]. High density housing with narrow fronts lining the 

through  roads, makes the expansion of the existing road system 

impossible [13]. All these factors have an adverse effect on the 

acceptance and perception of the road by both the residents and 

road users [14–18]. Dramatic accumulations of these factors can 

be encountered, especially on relatively short sections of through 

roads passing through villages (e.g., according to the data from 

Danish design guidelines [1], England  [2,19,20],  Poland  [5,21]  

and  an  article  about  design  conditions  in  Iran  [22]).  The 

first traffic safety analyses on through roads crossing rural areas 

were conducted in the 1990s in Denmark [1], Great Britain 

[2,19,20,23,24] and later in Canada [17], Germany [3],  Sweden 

[25],  Spain [26] and USA [18,27]. To prevent similar cases from 

occurring on many through roads of  lesser importance 

introduction of traffic calming schemes has been recommended 

in many countries (e.g., Austria [28], Denmark [1,29], France 

[30], Germany [3], Great Britain [2,31], Italy [32], Iran [33], 

Poland [5,21], Sweden [25], Spain [34], Switzerland [35] and 

USA [27,36–38]),  for application both in the transition zone 

(i.e., a road section where the vehicles are to slow down before 
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entering the village) and over the whole length of the road within 

the built-up area. The analyses data (according to [4]–40%, [20]–

10–15%, [24]–54%, [29]–45%, [39]–40–50%, [13]–8–71%, 

[40]–40–50%) that thanks to the use of traffic calming measures 

and various speed management strategies demonstrated that traffic 

calming measures installed helped to reduce the frequency of 

road traffic accidents by ca. 40–50%. 

 

Despite the fact that chicanes can help decrease the frequency of 

road traffic accidents, the design guidelines [3,18,41] recommend 

that, in order to obtain the desired improvement of the safety of 

traffic, the design of chicanes in the transition zones should be 

based on a thorough analysis of the traffic management 

arrangements, the installed lighting system, the most appropriate 

location, etc. On the other hand, in [23] attention is additionally 

drawn to the fact that although horizontal deflections allow to 

avoid discomfort to the drivers and passengers, which is 

unavoidable in the case of vertical deflections, when used in 

rural areas they must both ensure the reduction of the traffic 

speeds and allow safe passage of oversize heavy agricultural 

vehicles. 

 

The distances on which speed reduction should be implemented 

vary between different design guidelines and generally depend 

on the importance of the two-way through road concerned and 

on the total length of the road’s section within the village limits. 

For instance, guidelines [40] recommend an analysis of the actual 

vehicle speeds and next their possible reduction over a 600 m 

long section of the road. Still, the above-mentioned guidelines 

recommend that some balance should be maintained between the 

actual vehicle speeds, the recommended speed reductions and the 

traffic calming measures to be applied over the whole length of the 

road section within the village limits. This article deals with the 

effectiveness of a traffic calming measure installed in the 

transition zones to villages situated on two-lane single 

carriageway regional roads with a posted speed limit of 70 km/h. 

 

The concept of traffic calming has three fundamental objectives 

(Denmark [1], Germany [3], Great Britain [2,19,23,24], Poland 

[5,21], Sweden [25], USA [26,36]): to reduce vehicle speeds and 
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to improve traffic safety and living conditions of the local 

residents. Traffic calming schemes involve the use of 

psychological or physical traffic measures designed to slow 

down the traffic in order to reduce environmental impact of 

roads. They directly influence drivers’ behaviour, and thus have 

a beneficial effect on the living conditions of the local residents 

and on the safety of vulnerable road users. According to [41] 

traffic calming measures should be selected taking into account 

the existing road alignment (i.e., the lengths of straight and 

curved road sections and their parameters), importance of 

intersections situated within the village boundaries, number of 

access points to properties, local traffic volumes and vulnerable 

road users. 

 

Speed of traffic is the main factor having a direct on both the 

number of road incidents and their severity (Denmark [1,29], 

Germany [3], Great Britain [2,19,20,23,24,39,41], Poland 

[5,21,42], Sweden [25], USA [27,36,37]). From the analysis the 

conclusions from various studies (Denmark [1,29], Germany [3], 

Great Britain [2,19,20,23,24,39,41], Poland [5,21,42], Sweden 

[25], USA [27,36,37]) it appears that drivers tend to exceed speed 

limits in the transition zones to villages. Hence, any traffic 

calming scheme designed to reduce the speed of through traffic 

should involve signalling the boundaries of the built-up area and 

the applicable speed limit to the through-traffic drivers both by 

means of informative measures, such as traffic signs, and by 

dynamic measures, that is by the use of traffic calming devices. 

The specialist literature on traffic calming (Denmark [1], 

Germany [3,43], Great Britain [2,19,23,31], Poland [5,21], 13, 

Sweden [25], USA [27,36,37]) usually indicates three elements 

used in transition zones, namely warning measures (road humps, 

road markings, rumble devices), village gateways and central 

islands (i.e., road narrowing measures, including chicanes, 

pinch-points or overrun areas).  All the above-mentioned 

measures contribute to speed reduction. However, to ensure that the 

reduced speed is maintained over a longer section of the through 

road or over the whole length of the passing the village, other 

traffic calming treatments need to be employed along the whole 

section. These include physical road narrowing, horizontal 

deflection of the travel lane, small and mini roundabouts, 
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pedestrian refuges, etc. The classification of road chicanes in 

terms of the shape and arrangement of individual islands was 

given as early as in 1998 in [24]. According to the classification 

given and the terminology used in [24], in this article the authors 

focused mainly on the speed reducing effect of chicanes, i.e., the 

central islands affecting one lane, installed in the transition zones 

to villages. 

 

In projects involving retrofitting of traffic calming measures on 

existing roads, designers should take into account the 

expectations of road owner or operators in this respect. In some 

cases, the road right-of-way cannot be widened as needed to 

accommodate complicated traffic calming schemes, as it would 

require acquisition of additional stretch of land along the road, 

resulting in a major impact on the project cost. Therefore, it is 

necessary to initially assess the effectiveness of a chicane to be 

installed from the point of view of its primary objective, i.e., 

achieving speed reduction. Due to the above, the Danish [1] and 

UK [2,19] guidelines introduced categorisation of speed reduction, 

giving the principles for selection of the most appropriate traffic 

calming treatment, depending on the expected degree of speed 

reduction. Furthermore, the guidelines [19] give concrete 

relationships between speed reduction and the chicane 

parameters, i.e., the length of stagger, the width if the narrowed 

lane, initial carriageway width, free view width, etc. The 

publication [20] presents the results of the experiments carried 

out in 1990s on the test track of the Transport Research 

Laboratory TRL in Crowthome with chicanes having different 

parameters. These parameters included, for instance, travel lane 

width, varying free view width and varying height of visual 

obstructions placed at the carriageway and island edges. The 

above-mentioned experiments demonstrated that the factors 

relevant to the speed reduction included not only free view width 

but also the length of stagger, travel lane width, height of visual 

obstructions placed at the island and carriageway edges (i.e., kerb 

height, traffic signs placed on the island, safety barriers and 

traffic posts). 

 

The German guidelines [3] are related more to the geometrical 

parameters of the chosen measure and the dimensions of the 
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chicane itself. According to the design guidelines of [3] a 

correctly designed chicane, located in the central area of a village 

should feature adequate proportions between the length of 

stagger, free view width and the resulting travel lane width at a 

constant lane deflection angle of 45◦. As far as chicanes located 

in the transition zones to villages are concerned, the main 

assumption given in the guidelines [3] is based on reducing the 

traffic speed down to the built-up area speed limit of 50 km/h, 

with the specified range of travel lane width. Guidelines [3] give 

tabled geometric parameters of chicanes, depending on the 

chicane type and the shape of horizontal deflection of the lane. 

The minimum allowable island widths are also given, which, 

according to the opinion expressed in the design guidelines [3], 

play the primary role in speed reduction at a specific length of 

stagger. In [43] we can find close relationships between the 

expected speed reduction and the vehicle’s speed at the chicane, 

and the amount of horizontal deflection of the lane. According to 

these relationships a speed reduction down to 70 km/h can be 

achieved by installing a central island laterally deflecting one 

travel lane by 1 m. Deflection of the lane by 3 m can result in a 

reduction of the traffic speed down to 60 km/h and only with 

deflections by more than 3 m may speed reductions down to 

values below 50 km/h be expected. Furthermore, the length of 

road over which the achieved speed reduction is maintained is 

also assessed in [43] as being dependent on the amount of 

deflection, which confirms the previously stated thesis that 

additional traffic calming treatments must be employed to 

maintain the achieved speed reduction on the way through the 

village. 

 

The Swedish guidelines [25], in turn, besides the recommended 

stagger length,  also specify  the recommended radii of curves on 

the approach, at the exit and in the middle part of the central 

island.  In guidelines [25] the central island recommended for 

installation in village transition   zones has the shape of 

elongated converging lens, deflecting the travel lane by at least 

two metres. Similar recommendations for semi-circular central 

islands shifting only the inbound lanes to village are given in the 

Polish guidelines [5,21], except that they recommend a 

deflection of the lane by as much as ca. 5 metres. 
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A recent study has investigated the optimum geometry of different 

kinds of chicanes provided on dual carriageways and two-lane 

roads in built-up areas in terms of the expected speed reduction 

[44]. The conclusions drawn by the authors of the above-

mentioned article concern primarily the speed through the 

chicane. As regards two-lane roads, it was established that the 

greatest discipline in keeping to the travel lane and the associated 

speed reduction is achieved by staggered narrowing of the 

carriageway down to one lane width of 2.7 m,  accompanied by 

trapezoid bulb-outs,  imposing  a deflection angle of 30◦. 

Although novel and interesting, these result are, however, of 

little use as regards the subject of this article, i.e., transition 

zones to villages on two-lane through roads. This is because 

carriageways of through roads subject to 70 km/h speed limit in 

transition zones cannot be narrowed to one travel lane as it 

would considerably impair the road capacity and probably also  

the safety of traffic. Another reason why the results of research 

given in [44] cannot be used for the purposes hereof is the 

presence of a pedestrian crossing between the chicanes. The 

transition zones analysed in this article included no road 

infrastructure elements related to pedestrian traffic. 

 

Materials and Methods 
Background  
 

The problem of traffic calming basically involves limiting an 

adverse effect of vehicular traffic on the environment within 

built-up areas. It first aroused interest in the 1970s and research 

on the effectiveness of various traffic calming measures has been 

conducted since that time. The earlier research concerned 

primarily the use of these elements in built-up areas, with only a 

few studies investigating the application of traffic calming 

measures in transition zones. Table 1 shows the data such as 

parameters, locations and results of the hitherto studies on the 

application of various traffic calming measures. 

 

The analysis of the abovementioned results demonstrated 

fundamental differences between individual results and 

numerous discrepancies in the repeatability of v results in 

various countries. The comparison of the results of the studies 



Advances in Energy Research: 2
nd

 Edition 

9                                                                                www.videleaf.com 

conducted on a test track, within an urban area, in transition zones 

on the entries to towns and villages by roads of different classes 

and when using chicanes     of various shapes revealed 

significant discrepancies in the compared research results. 

Furthermore, limiting the comparison of the results of the above 

studies presented in Table 1 just to the transition zones to 

villages on roads with posted speed limit of 70 km/h the authors 

have found: 

 

- the absence of an analysis of the actual conditions of the 

traffic management features used  (i.e., location of the 

upright traffic signs associated with the built-up area), 

- the absence of considering various road parameters and road 

infrastructure elements used in built-up areas, 

- the absence of an analysis of visibility of the road further 

ahead and village skyline, 

- the absence of an analysis of landscape elements in the 

surroundings of the road (approach through the open rural area, 

through the rural area with a tree line or small groves of trees, 

approach through a forest area). 

 
The above elements have been considered in the research 

described in this article. 
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Table 1: Considered parameters, area locations and results of previous one’s research. 

 
No. Considered Parameters Research Result References 

Area location of the research site: research track Transport Research Laboratory TRL 

1 lane width, free view width, visual obstruction, length of 

stagger 

speed reduction results Δv are tabulated depending on the 

size of all the parameters under consideration 

[23] 

Area location of the research site: residential road in centre city 

2 length of stagger, narrow lane width, road width, free view 

width 

speed reduction results ∆v are tabulated depending on the 

size of the parameters under consideration for each type of 

vehicle (passenger cars, HGV, buses) 

[1,3,31] 

3 12 different geometric chicanery schemes, constant lane 

width (lane width = 4 m), different widths of the chicane 

island (2.7, 3, 3.3 and 5 m) and the leading/trailing face 

angles of these islands (30°, 45° and 60°) 

(case study on a driving simulator-on dual carriageways 

and two-lane street), speed reduction results of speed v and 

speed reduction ∆v graphically summarized depends on 12 

schemes, with the road narrowing to one lane 

[44] 

4 various measures of traffic calming: raised pedestrian 

crossing, lane narrowing, speed cameras, warning signs, 

chicanes, middle islands 

(case study)—the results Δv are given depending on the 

option of the tested traffic calming measures on different 

street classes 

[26,40,45,46,47,48] 

5 horizontal deflection min. 2 m, length of stagger, the radii 

rounding the curves of the chicane 

recommended radii values are listed according to the speed 

limit on the street 

[25] 

Area location of the research site: transition zones 

6 chicanes shape, width of the available land, narrowing lane 

width, horizontal deflection 

speed reduction results Δv are tabulated depending on the 

road class 

[3] 

7 length of stagger lv, horizontal deflection tv (case study of 4 different island shapes)-Δv results 

compiled according to the quotient lv/tv 

[28] 

8 chicanes shape, horizontal deflection speed reduction results Δv are compiled depending on 

the vbefore of a given road 

[43] 

9 angle horizontal deflection and curb height at central islands 

gateways 

(case study of 12 locations of different gateways)—the 

analysis concerns: Δv, reducing the number of accidents 

and reducing driver distraction 

[39] 

10 different types of gateways: street trees, upgraded pavement 

treatments, median, lighting, signage and graphics, sculptures 

or public art 

driving simulator case study - research on the influence of 

various gateways on vbefor and vafter 

[18,49,50,51] 
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Description of the Test Sections  
 

For the purpose of the survey of vehicle speeds on two-lane roads 

the authors chose from among almost one hundred of the 

analysed entry zones only nine test sections located in the entry 

zones to the village, with a speed limit of up to 70 km/h specified 

on denote B-33 traffic sign. All sections are characterized by the 

same width of traffic road and the carriageway, the same road 

class, the same permissible speed, slight similar traffic volume 

and heave vehicle participation, the same condition of the 

pavement (capital a renovation on all sections was carried out a 

year earlier). On all the test sections the travel lanes were 3 m 

wide. 

 

A view seen by a driver approaching the village under study is 

shown in Figure 1. Six test sections included a central island 

horizontally deflecting one lane by a = 2 m (Figure 1a,b,d–g), one 

section had a central island deflecting both lanes by a = 1 m 

(Figure 1c) and the two remaining sections were used for 

comparison only, and thus did not include any chicanes (Figure 

1h,i). 

 

The analysis of the main features of the transition zones under 

study showed that on the basis of the general traffic management 

scheme trends, as described in [1,2,5,19,43,53], two 

configurations of positioning vertical signs can be identified: 

basic, classic (Figure 2) and the one used in the test sections 

(Figure 3). The first traffic management scheme, presented in 

Figure 3 relates to the transition zones where the greatest speed 

reductions were noted, with the chicanes placed between the 

traffic signs E-17 and D-42 (Figure 3a). Smaller speed reductions 

were recorded where a central island horizontally deflecting one 

lane was located before the traffic signs No. E-17 ‘city’ and No. 

D-42 ‘built-up area’ (Figure 3b). 
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(a) 

 
(b) 

 
(c) 
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(d) 

 
(e) 

 
(f) 
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(g) 

 
(h) 

 
(i) 

Figure 1: View ahead seen by the driver approaching the village on the 

respective test sections in the order of reduction of the 85th percentile speed 

∆v85: (a) No. 1, open rural area, very good visibility of the village skyline and 

of nearby buildings; (b) No. 2, open rural area, view of distant village buildings 

located along the opposite lane of travel; (c) No. 3, open rural area, poor 
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visibility of the village skyline and of nearby buildings; (d) No. 4, forest terrain, 

limited visibility of dispersed buildings; (e) No. 5, rural area, along a row of 

trees, poor visibility of the village skyline; (f) No. 6, forest area, village skyline 

and buildings not visible; (g) No. 7, open rural area, good visibility of the village 

skyline in the distance; (h) No. 8, open rural area, village skyline not visible; (i) 

No. 9, open rural area, poorly visible village skyline (source of images in 

Figure 1b,h,i: Google Earth–Street View [52]). 

 

 
 
Figure 2: Traffic management scheme with 70 km/h speed limit on test sections 

with installed on-road chicanes (based on the analysis of the recommendations 

of [1,2,5,19,42,53]). 

 
(a) 

 
 

(b) 

Figure 3: Example layout of the E-17 and D-42 traffic signs: (a) on sections 

where a considerable speed reduction was recorded; (b) on the remaining test 

sections. 



Advances in Energy Research: 2
nd

 Edition 

16                                                                                www.videleaf.com 

Adopted Measurement Methodology  
 

The first step of the assessment of the effectiveness of chicanes in 

the transition zones to villages involved an analysis of the speeds 

measured on the test section before and after the chicane. In this 

part of the research, momentary free-flow and stable-flow speeds 

were measured with a special device [54] which simultaneously 

measured the traffic volume and vehicle speeds in both 

directions of traffic. 

 

This device can identify free-flow conditions in either direction 

of traffic, which enables selection of values needed for the 

purpose of the performed analysis. Due to small hourly volumes, 

comparable on all the test sections (from 150 to 340 veh/h), the 

differences in the speed distribution parameters between free-

flow and stable-flow situations were also small. Taking the 

above into consideration, further in the article the authors 

analyse the free-flow values only. 

 

Choosing Appropriate Statistical Tests  
 

Analysing the effect of various factors on the speed of travel and 

the amount of its reduction the authors performed a number of 

statistical tests. In addition to the significance test, goodness-of-

fit test and the test for equality of variances, in relation to the 

measured speeds, i.e., the standard tests (Appendices A and B), 

also performed were nonparametric tests, i.e., tests of 

independence and median tests. The chi-square (χ
2
) test of 

independence was carried out first, to verify independence of 

two tested features (not necessarily measurable). The null 

hypothesis of the chi-square test of independence was to answer 

the question whether or not the speed distributions depend on the 

place of measurement (i.e., before or after the chicane). The 

inequality χ
2
 > χα

2
 should lead to rejecting the null hypothesis 

postulating independence of the analysed features, this meaning 

that the populations of speeds measured before and after the 

chicane depended on the measurement point. Such results were 

obtained for each of the analysed chicanes (Appendix C). 
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The median test was chosen as the second test for identification of 

determinants, which is suitable for situations where one of the 

features is possibly non-measurable. It does not require 

confirmation of the distribution of population, and thus can be 

used as an alternative to the two-sample means test. In this test, 

the medians are calculated from all the results of the two 

compared samples. The result of the median test χ
2
<χα

2
 is 

positive when the number of results of the tested feature above 

the median equals the number of results below the median, i.e., 

both the compared samples come from the same population and 

variation of the speed level is not confirmed (i.e., there were no 

grounds for rejecting the null hypothesis of H0: F1(x) = F2(x)). If 

inequality χ
2
 > χα

2
 was obtained in the median test, the null 

hypothesis H0 postulating the independence of the tested features 

should be rejected, because the speed samples were found to 

depend on the measurement point and a difference in their value 

was noted (H1: F1(x) Ç F2(x)). Also in this test positive results 

were obtained, confirming the relevance of the measurement 

point, meaning change of speed through the chicane (Appendix 

D). 

 

Fundamental Assumptions Taken in the Qualitative 

Analysis Concerning Determination of the Speed 

Reduction Determinants  
 

All the obtained speed results were estimated in the ranges, as 

shown in Figure 4. On two sections, section No. 8 and section No. 

9, which did not include chicanes, speeds were measured before 

and after the road sign communicating the boundary of the 

village and the built-up area. Considering that in the transition 

zone traffic calming schemes are applied primarily to reduce the 

speed at which the vehicles enter the village, Figure 4 gives also 

the value of 85th percentile speed measured after the chicane 

v85
after. The analysis of the data presented in Figure 4 showed a 

considerable variation of the speed values despite comparable 

amounts of lateral shift on all the test sections. The noted speed 

variations were particularly scattered at chicane No. 6, which is 

approached through a long straight section (over 2 km long), 

surrounded by farm fields and rows of trees which largely hide 

the village skyline (Figure 1f). Straight approach sections of a 
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similar length surrounded by farm fields lead also to the chicanes 

No. 1 (1.5 km) and No. 4 (2 km) (Figure 1a,d). Also chicanes 

No. 5 and No. 7 are approached through straight sections of a 

similar length (Figure 1e,g). In these cases, however, the 

Approach Sections go through a patch of forest. 

 

 
 
Figure 4: Distribution of free-flow speed ranges on the test section according 
to the speed reduction value ∆v85. 

 

The analysis of the scattering of speed variations on the above-

mentioned sections showed that they are much smaller, except for 

the chicane No. 1, which indicates an existence of some other 

determinants that affect the drivers’ perception and, as 

consequence, also the village inbound speeds. The two analysed 

additional cases, i.e., approaches No. 8 and No. 9 (Figure 1h,i) 

also had opposite inbound speed values, and therefore, in this case 

we can also assume existence of additional determinants in the 

transition zone, which influence the drivers’ perception, and thus 

the vehicle speeds. 

 

The data presented in Figure 4 show that the large variation of the 

85th percentile speed reductions can be associated with various 

factors influencing the speed values before vbefore and after 

vafter the chicane. And these determinants can influence the 

vehicle speeds and the obtained reductions  ∆v  to a varying 

degree.   Also the results compiled in Figure 4 do not confirm the 

thesis put forward    in [43] (Table 1—position 6) that central 

islands shifting one lane by up to 3 m, situated on the village 

inbound lane influence the speed and the amount of its reduction to 

a similar extent in all the situations. On all the analysed sections, 

except for the section No.  3,  the horizontal deflection of the 
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travel  lane was a = 2 m, and yet both the village entry speeds 

and the amounts of speed reduction varied considerably. Also the 

results speed after the chicane vafter and speed reduction ∆v 

(Figure 4) do not confirm the thesis put forward in study [28] 

(Table 1—position 7), that ∆v = f (lv/tv), because in all sections 

tested, except No. 3, lv/tv = const, the results speed after the 

chicane vafter and speed reduction ∆v are very diverse. Similarly, 

the results presented in Figure 4 do not confirm theses formulated 

in the publications [18,39,43,49–51] (Table 1—position 8, 9, 10), 

because the road class, lane width, chicanes shape, angles, curb 

heights were the same in all tested sections, except No. 3, and 

the obtained vafter and speed reduction ∆v were very diverse 

(vafter = 64.7–87.4 km/h and ∆v = 0.6–22.8 km/h). Based on 

these observations, the authors analysed different factors noted in 

the transition zones selected in three criteria concerning: Traffic 

management scheme, road design parameters, surrounding 

landscape and visibility conditions. 

 

Genesis of the Aggregate Parameter z and ts Combined 

Effect on the Traffic Parameters  
 

The analysis of the diversity and variation of the factors noted in 

the transition zones of the analysed test sections in relation to the 

traffic control, road design parameters, surrounding landscape and 

visibility conditions indicated a need for detailed analysis of the 

effect of the respective factors on the vehicle speeds and on their 

reduction. The authors in the publication [53] presented 

preliminary considerations of factors likely to contribute to the 

speed reduction. However, further consideration of possible 

determinants allowed for the developed an innovative analytical 

approach and introduced an independent variable z to consider 

the criteria adopted in the analyses (Figure 5). The proposed 

independent variable z is actually an aggregate parameter, 

introduced by the authors of this article, to quantify the overall 

impact of the surrounding landscape on the driver’s perception, 

leading to the reduction of the village inbound speed (Figure 6). 

  

     ,  ,  ,     ,  ,          .i o i d i zw i o i j d i j zw i jz z z z z z z             (1) 
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Figure 5: Proposed scheme for determining the aggregate parameter z with a 

division to the three adopted criteria. 

 

 
 
Figure 6: Aggregate parameter zi on the i-th test section. Designations: zo i—

total value of the score for the traffic management scheme, zd i—total score for 

the road design parameters, zzw i—total score for the surrounding landscape 

and visibility conditions, zo i,j—score of a given factor j for the traffic 

management scheme, zd i,j – score of the given factor j for road design 

parameters, zzw i,j—score of the given factor j for the surrounding landscape 

and visibility conditions. 

 

The analyses assume that the qualitative indirect factors chosen 

in a given criterion will be assigned the assumed ‘quantitative 

measures’ in the binary system, which are directly related to the 

confirmation of existence of a given factor, i.e., confirmed 

logical tautology. For instance, if a given factor is confirmed in 

field, it is assigned the value 1 (i.e., logical tautology is 

confirmed). If, on the other hand, a given factor is not observed, 

then it is assigned the value 0 (i.e., logical tautology is not 

confirmed). In some cases, especially related to quantitative-

qualitative information, such as clearance distance to buildings or 

visual obstruction, it was necessary to introduce an intermediate 

quantitative measure and then the assignment of the value 0.5 is 

proposed.  If,  for example,  the village skyline  is visible while 

passing through the chicane at a distance smaller than 100 m, 
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then logical tautology is confirmed and when it is not visible the 

logical tautology is rejected. There was a need for an 

intermediate measure when the village skyline was visible from 

other distance, for example 300–500 m. 

 

The intermediate factors related to the traffic management scheme 

criterion, preliminarily chosen for the analyses, included the 

distance to the nearest residential buildings located close to the 

road edge measured along the road from the D-42 traffic sign 

designating the built-up area limit, location of pedestrian 

pavements or other road infrastructure elements in relation to the 

D-42 traffic sign and the location of the B-33 speed limit sign in 

relation to the chicane axis (Figure 7). 

 

In the criterion concerning the road design parameters also 

hourly traffic volume on both lanes and on the inbound lane alone 

were considered. The analysis demonstrated that the speeds 

measured before the chicane did not depend on the hourly traffic 

volume which, on the analysed roads, did not vary much 

(correlation factor of only R = 0.4). Whereas, the correlation 

factor between the speeds measured after the chicane and hourly 

volume of traffic was R = 0.6. The above facts indicate the 

existence of some other determinants influencing reduction of 

speed after the chicane, and therefore, the effect of the hourly 

traffic volume on the amount of speed reduction by the chicane was 

disregarded in the further analyses in the road design criterion. 

One of the main factors in the criterion relating to the road design 

parameters, in accordance with the conclusions given in [19,43] 

was the amount of the lateral deflection of the inbound lane. On 

the basis of site visits and Google Earth imagery [52] the 

qualitative factors were expanded with elementary road data 

related to curved sections, road infrastructure, accesses and 

junctions. Selected road design factors and the adopted 

engineering interpretation of their qualification measure are 

presented in Figure 8. 
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Figure 7: Factors related to the traffic management scheme chosen for the 

analyses (blue font designates qualitative factors and the black font–the adopted 

interpretation of the quantitative measure). 

 

 
 

Figure 8: Factors related to the road design parameters chosen for the analyses 

(blue font designates qualitative factors and the black font designates the adopted 

interpretation of the quantitative measure). 
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The last criterion concerning the surrounding landscape and 

visibility conditions includes, as independent variables, various 

qualitative/quantitative factors defining the space around 

chicanes and elements determining the visibility conditions. In 

the selection and description of the visibility conditions the 

authors used the results of fixation points distribution analysis in 

different driving conditions, as presented in [14] (Figure 9). 

Referring the fixation points to the more distant view of the road 

on the test section with 70 km/h speed limit (Figure 9b) the authors 

found out that the driver tends to focus the eyesight firstly on the 

road further ahead and on the existing chicane and only secondly 

on the travel lane and on the upcoming lateral deflection of the 

lane. 

 
(a) 

 
(b) 

 

Figure 9: Distribution of fixation points in different driving conditions: (a) using 

the data from [14]; (b) with 70 km/h speed limit indicated by the B-33 sign). 

 

Next, on the basis of the resulting visual attention area of the 

driver, described in [14], the authors referred it on a likewise 

basis to the analysed test sections, as displayed in Figure 10. 

Taking the above into consideration, the authors made a 
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visualisation of the central and peripheral vision areas, as 

described, for example in [17,55], the results of which are 

presented in Figure 11. The analysis of the results of this 

visualisation enabled the authors to determine what are the 

elements on which car drivers travelling at a speed of 70 km/h or 

100 km/h focus their attention, as presented in Figure 11c,d and 

Figure 12. 

 

Based on the analysis of the central field of vision area and the road 

infrastructure elements present within its limits, of the view of the 

road further ahead and the elements of the landscape surrounding 

the road at the chicane the authors proposed appropriate factors 

and assigned quantitative measures to them, also with the 

application of logical tautology, as presented in Figure 12. 

 

Summing up the above considerations, in relation to the above-

described three criteria (Figure 5), the authors chose to perform 

statistical inference associated with the determination of the 

strength of a correlation between the above-described qualitative 

variables (zo, zd, zzw), the parameters representing the speed (v, ∆v, 

w) and also the general aggregate parameter z. To this end, they 

decided that the numerical value of the aggregate parameter z 

should be determined using the scheme presented in Figures 5 

and 6. In the statistical analyses regarding parameters 

characterising speeds the authors decided to analyse all the 

estimated speed distribution parameters, measured before and 

after the chicanes and the corresponding speed reductions. 

 

 
(a) 
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(b) 

Figure 10: Driver’s visual attention area: (a) using the data from [15]; (b) with 

a 70 km/h speed limit indicated on the B-33 sign. 

 

 
(a) 

 
(b) 

 
(c) 
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(d) 

 

Figure 11: Central and peripheral vision area of a driver: (a) on the basis of the 

data from [55]; (b) at speeds up to 50 km/h: (c) at the speed of 70 km/h; (d) at 

the speed of 100 km/h. 

 

 
 

Figure 12:   Factors related to the surrounding landscape and visibility chosen 

for the analyses   (blue font designates qualitative factors and the black font 

designates the adopted interpretation of the quantitative measure). 

 

Furthermore, they decided to analyse the speed reduction index in 

relation to the 85th percentile speed w (v85) (Equation (2)) and the 

mean free-flow speed w (vav) (Equation (3)), calculated with the 

following standard equations: 
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   85 85 85 85             /    ,before after beforew v v v v      (2) 

 

                /    .before after before

av av av avw v v v v       (3) 

Results  
Outcomes of the Assessment of the Factors Associated 

with the Traffic Management Criterion  
 

For the sake of clarity, the adopted quantification measures, in 

accordance with the logical tautology, i.e., confirmation or lack of 

confirmation of a given factor (Figure 7), initially expressed in the 

binary numeral system were represented by colours (Figure 13), 

with the dark blue colour designating the measure of location 

equal to 1, confirming the presence of a given factor or the 

corresponding small distance, etc. The light blue colour 

designates the quantification measure equal to 0, i.e., lack of the 

presence of a given factor, for example a large distance, etc. The 

intermediate shade designates, for example, location of E-17 and 

D-42 signs after the chicane at a distance exceeding 100 m. In 

the case of the additional test sections, No. 8 and No. 9, which 

did not include chicanes, no weights were assigned to the traffic 

management related factors conditioned by the presence of a 

chicane (and hence the lack of colour in the chart). 

 

 
Figure 13: Outcomes of the assessment of the factors associated with the traffic 
management criterion. Designations: oj—a subsequent factor in consideration, 

Σoj—the sum of confirmed logical tautologies on the test sections in relation to 

the considered j-th factor, zo i—the sum of quantitative measures in all factors on 

the i-th test section. 
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The analysis of the values of the quantitative measures 

represented in Figure 13 demonstrated consistency of a number 

of selected factors with the speed reduction values. To be 

specific, such consistency was obtained between speed reduction 

and the factor representing: location of the B-33 sign in relation 

to the chicane axis, confirmation of the presence of buildings after 

the sign location and confirmation of the presence of buildings in 

close proximity to the road edge. A consistency between the 

greatest reduction of the 85th percentile speed ∆v85 with the 

visibility of the nearby village skyline or road infrastructure after 

the D-42 sign (Figure 13) was confirmed in only one case. 

 

For factors associated with the location of the E-17 and D-42 

signs the authors noted lack of consistency with speed reduction. 

It is likely that the view of the nearby village buildings seen after 

the E-17 and D-42 signs affects the driver’s perception, 

resulting, in consequence, in the reduction  of driving speed 

(Figure 1a). If after the E-17 and D-42 signs located at different 

distances after the chicane the village skyline or adjacent 

buildings are not visible, especially on the inbound lane side 

(Figure 1b,d,e), the traffic signs indicating the beginning of the 

built-up area do not have any mobilising effect on motorists’ 

behaviour who continue driving without slowing down. 

 

Taking the above into account, in relation to the four factors 

concerning location of the E-17 and D-42 signs the logical 

tautology was represented by colours, however no numerical 

values were assigned to them, since the distances dE-17 of the E-

17 sign location from the chicane ranged from 5 m before the 

chicane up to 120 m after the chicane, and the distance dD-42 of 

the D-42 sign ranged from 29 m to 290 m after the chicane. Such 

a high data dispersion prompted the authors to determine the 

coefficient of correlation between the above-mentioned distances 

and the speed reductions on the sections under analysis. The 

values of the correlation coefficient were respectively R = 0.4 (f (dE-

17, ∆v85)) and R = 0.2 (f (dD-42, ∆v85)), which indicated a lack of 

statistically significant relationship between the amount of speed 

reduction and the distance of the sign location from the chicane. 

 

 



Advances in Energy Research: 2
nd

 Edition 

29                                                                                www.videleaf.com 

Taking the above into consideration we can conclude that the 

distance at which the E-17 and D-42 signs are located from the 

chicane, if it is not related to the visibility of buildings, has no 

significant effect on the actual vehicle speeds measured after the 

chicane. However, if the chicane is preceded by the B-33 sign 

denoting a speed limit of 70 km/h then consideration of logical 

tautology related to the close vicinity of the village buildings 

(located along the street) would not be in compliance with the 

Polish highway code [56] and the guidelines [57] and, moreover, it 

would pose problems with defining logical tautology related to 

assignment of a value to a given distance. Therefore, in the 

outcomes of the assessment of the factors related with the traffic 

management criterion no quantitative measures are assigned to 

the above-mentioned four factors (Figure 12). 

 

Summing up the above considerations we can conclude that in 

the case of chicanes located in the transition zones with the 

posted speed limit of 70 km/h the determinants effectively 

reducing the speed include: placement of the B-33 sign before 

the chicane at a distance of up to 100 m and visible close village 

buildings situated after the D-42 sign at a distance less than 100 

m. 

 

Outcomes of the Assessment of the Factors Associated 

with the Road Design Parameters Criterion  
 

The second criterion considered in identification of the 

determinants of the effectiveness of chicanes in the transition 

zones is associated with the factors defining the road design 

parameters.  In this criterion, various dependency relationships 

between road design parameters and reduction of the 85th 

percentile speed ∆v85 were confirmed. A representative 

relationship of the analysed variables was confirmed in relation to 

the amount of lateral deflection of the lane. However, the 

selected test sections included primarily central islands of 

rectangular shape horizontally deflecting one lane with the 

deflection of a = 2 m (Figure 14a). A central island horizontally 

deflecting both lanes with the deflection of a = 1 m (Figure 14b) 

was located on only one test section. 
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(a) 

 
(b) 

Figure 14: Types of road chicanes provided in village entry transition zones and 

the resulting horizontal deflection of the travel lane from the straight line a: (a) 

central island providing horizontal deflection of one lane – a = 2 m; (b) central 

island providing horizontal deflection of both lanes – a = 1 m. 

 

Another factor with a varying effect on traffic speed reduction 

was also a visible access. When an access led to a cluster of 

buildings then a greater speed reduction was noted. Still the scale 

of the reduction varied considerably, ranging from 3.5 km/h to 

22.8 km/h (Figure 15). In the case of a private accesses serving a 

single family building the speed reductions also varied but over a 

smaller range (Figure 15–∆v85 = 1.9–3 km/h). A similar varied 

effect was noted for an intersection with a side road, in which 

case the speed reduction was in the range of ∆v85 = 1.9–9.5 km/h. 

 

The analysis of the variation of the sum of quantitative measures 

representing the road design parameters zd and of the speed 

reduction amount ∆v85 revealed a probable consistency between 

the considered variables (Figure 15). The only exception in the 

analysed case is the test section No. 7 where a smaller number of 

significant road factors was noted, as compared to the other 

sections. 
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Figure 15: Outcomes of the assessment of the factors associated with the road 
design parameters criterion. Designations: oj—a subsequent factor in 

consideration, Σoj—sum of confirmed logical tautologies on the test sections in 
relation to the considered j-th factor, zd i—sum of quantitative measures in all 

factors on the i-th test section. 

 

Outcomes of the Assessment of the Factors Associated 

with the Landscape and Visibility Criterion  
 

The last criterion considered in the identification of the 

determinants of the effectiveness of chicanes in the transition 

zones are the factors related to the landscape features in the 

immediate vicinity of the entry section of the road and to 

visibility conditions. In this criterion very important 

dependencies were confirmed between the speed reduction ∆v85 

and the sum of quantitative measures zzw in particular in relation 

to the first three test sections (Figure 16). Figure 1a,b show the 

village skyline seen from a distance of 300 m by a driver 

approaching the chicane located on each of the first two test 

sections, i.e., section No. 1 and section No. 2. 
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Figure 16: Outcomes of the assessment of the factors associated with the 
landscape and visibility criterion. Designations: oj—a subsequent factor in 

consideration, Σoj—the sum of confirmed logical tautologies on the test 

sections in relation to the considered j-th factor, zzw i—the sum of quantitative 

measures in all factors on the i-th test section. 

 

Figure 17a,b depict the village skyline as seen by a driver 

passing through the chicane. In the case of section No. 1, the 

driver sees nearby buildings after the sign D-42 and a horizontal 

curve limiting the view of the road further ahead (Figure 17a) 

and this is probably the main cause of the considerable reduction 

of the free flow speed noted at this section, equal to ∆v85 = 22.8 

km/h. In the second case presented in Figure 17b the driver on 

the approach to the chicane sees the distant village skyline and 

remote buildings situated at a distance of ca. 300 m at the other 

side of the road. In this case the E-17 & D-42 signs are located 

after the chicane, which results in a much smaller reduction of 

the free-flow traffic speed (∆v85 = 9.5 km/h). Figure 17c,d, show 

the approach to the chicane on section No. 3 and the view of the 

road ahead the driver sees when going through the chicane. In 

this case, the free-flow speed reduction is ∆v85 = 7 km/h. This 

can be attributed to the lack of visibility of the village skyline 

and of nearby buildings and to the fact that the lateral deflection 

a of the lane is only 1 m. Furthermore, the traffic management 

infrastructure, namely the sign No. D-42 denoting the beginning 

of the built-up area is placed as far as 300 m after the chicane. 
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(a) 

 
(b) 

 
(c) 
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(d) 

Figure 17: View of the village skyline of village as seen by a driver 

approaching the chicane: (a) View of nearby buildings at chicane No. 1, sign E-

17 located 5 m before the chicane and sign D-42 located 30 m after the chicane; 

(b) Distant view of the village skyline near the chicane No. 2, sign E-17 located 

100 m after the chicane and sign D-42 located 150 m after the chicane; (c) Lack 

of the village skyline view on the approach to the chicane No. 3, being a central 

island deflecting both lanes; (d) Lack of the view of village buildings from the 

chicane No. 3 location, sign E-17 located 150 m after the chicane and sign D-42 

located 300 m after the chicane. 

 

On the remaining test sections (No. 4, No. 5, No. 6 and No. 7) 

the authors noted high variability between the assigned 

quantitative measures and speed reduction values. The partial 

sums of the four primary factors, represented in Figure 16 have 

similar values, yet their distribution in the analysed sections is 

very diverse, just as diverse are the speed reduction values. A 

very wide variation in the respective quantitative measures is 

also observed in the case of the two last factors represented in 

Figure 16, where visual obstructions or buildings situated close to 

the chicane were confirmed only in one case, while in the 

remaining three cases visible buildings were noted however they 

were situated at a further distance from the chicane. Still, 

comparing the sums of quantitative measures zzw with the speed 

reduction values ∆v85 on the respective test sections, we can 

detect a certain consistency in the succession of changes, as 

represented in the radar charts. 
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Outcomes of the Assessment of the Aggregate 

Parameter z and Its Overall Effect on the Traffic 

Parameters  
 

Summing up the above analyses, Figure 18 below represents the 

probable consistency between the qualitative variable z, i.e., the 

aggregate overall effect of the factors related to traffic 

management (zo), road design parameters (zd) and landscape and 

visibility conditions (zzw), and the calculated free-flow speed 

reductions ∆v85 and ∆vav on the analysed test sections with the 

applied horizontal deflection  of the lane(s). Figure 18b 

represents the consistency of the aggregate parameter z with the 

values of speed reduction indices. 

 
(a) 

 
(b) 

Figure 18: Compilation of changes in the analysed variables: (a) consistency 

of the speed reduction variations ∆v85 and ∆vav and aggregate parameter z (R = 

0.76 and R = 0.93 respectively); (b) consistency of variation of the speed 

reduction index w (v85) and w (vav) and aggregate parameter z (R = 0.80 and R 

= 0.94, respectively). 
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The analysis of variations of the analysed values exhibits the 

greatest consistency between the free-flow speed vav and the 

speed reduction index w (vav) and the proposed aggregate 

parameter z representing a combination of factors, including 

traffic management, road design parameters and the surrounding 

landscape elements and visibility conditions. 

 

Regression Analysis of the Outcomes of Assessment of 

the Combined Effect of the Selected Factors and Speed 

Distribution Parameters  
 

In the next step, the authors carried out appropriate regression 

analyses in relation to the investigated parameters. In the 

regression analyses, whether confirming or failing to confirm the 

effectiveness of the applied chicanes, the authors considered both 

the aggregate values of the respective components of qualitative 

variables (zzw, zd and zo) and the qualitative variable z 

representing the combined effect of the respective factors in the 

transition zone. In relation to the speed distribution parameters 

before and after the chicane the analysis considered both the 

free-flow 85th percentile speed v85, the average free-flow speed vav 

and the stable-flow speed vav 
pp, and also the corresponding speed 

reduction values ∆v. Along with the speed distribution 

parameters the authors considered also the speed reduction index 

w, often taken into account in traffic calming analyses and 

representing the percentage speed reduction in relation to the 

initial value (w = ∆v/vbefore). The correlation coefficient values 

are given in Tables 2 and 3. In Tables 2 and 3 bold numerals 

denote cases when the correlation coefficient R was greater than 

0.9, which according to the statistical principles given in [58,59] 

indicates a statistically significant relationship between the 

analysed variables. 
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Table 2: Coefficients of correlation R between the quantitative measures and the chosen speed distribution parameters (including 

additional sections where chicanes were not installed). 

  
 v85

before vav
before vav 

pp before v85
after vav

after vav 
pp after ∆v85 ∆vav ∆vav 

pp w (v85) w (vav) 

zzw −0.14 −0.21 −0.12 −0.63 −0.68 −0.61 0.76 0.93 0.93 0.80 0.94 

zd −0.38 −0.36 −0.29 −0.77 −0.78 −0.67 0.68 0.89 0.75 0.71 0.90 

zo −0.18 −0.31 −0.24 −0.67 −0.69 −0.71 0.76 0.81 0.90 0.79 0.82 

z −0.24 −0.31 −0.23 −0.73 −0.76 −0.69 0.77 0.94 0.90 0.81 0.95 

 

 

Table 3: Coefficients of correlation R between the quantitative measures and the chosen speed distribution parameters (excluding 

additional sections where chicanes were not installed). 

 

 v85
before vav

before vav 
pp before v85

after vav
after vav 

pp after ∆v85 ∆vav ∆vav 
pp w (v85) w (vav) 

zzw 0.39 0.42 0.64 −0.49 −0.74 −0.74 0.81 0.93 0.93 0.82 0.94 

zd 0.18 0.26 0.53 −0.64 −0.83 −0.48 0.77 0.92 0.71 0.78 0.92 

zo 0.62 0.52 0.73 −0.40 −0.56 −0.61 0.90 0.82 0.96 0.90 0.82 

z 0.40 0.42 0.68 −0.57 −0.79 −0.64 0.89 0.98 0.94 0.90 0.99 
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(a) 

 
(b) 

Figure 19: The linear regression function defining the relationships between: 
(a) free-flow speed reduction ∆v85 and the aggregate parameter z, (R = 0.89); 

(b) free-flow speed reduction index w (v85) and the aggregate parameter z (R = 

0.90). 

 

The relationships represented in Figure 19 prove the hypotheses 

previously put forward by the authors that the reduction of speed 

through the chicane depends on a number of factors characterizing 

the spatial features of the surrounding area, which jointly 

influence the drivers’ behaviour and their decision to slow down 

in the transition zone section. Referring to both foreign guidelines 

(Denmark [1], Great Britain [2,19,31,39,41], USA [27,36,37]) 

and Polish publications [5,21,42] which, depending on the 

country, give various data regarding the percentage reduction of 

speed of vehicles passing through chicanes, it can be concluded 

that the theses proposed in these materials have been confirmed 
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by  the results obtained by the authors in this research. Still, it 

must be noted that the amount of speed reduction depends on 

several external factors which were for the first time identified and 

estimated in this article. 
 

Figure 20 represents the same regression analyses carried out in 

relation to the free-flow average speed vav. The analysis of the 

data shown in Figure 20 indicates that the average free-flow 

speed vav statistically significantly depends on the combined 

magnitude of the effect of the landscape elements present within 

the transition zone, which is confirmed by the high values of the 

correlation coefficients (Tables 2 and 3). The more of various 

landscape elements are present within the transition zone to the 

village in the vicinity of the on-road chicane, the greater speed 

reduction ∆v can be expected. The above observations can 

indicate to land planners and designers the most suitable locations 

in which to design and install chicanes effectively reducing traffic 

speeds, subject to considering the maximum number of relevant 

factors. 

 
(a) 

 
(b) 

Figure 20: Linear regression function defining the relationship between: (a) the 

free-flow speed reduction ∆vav and the aggregate parameter z, (R = 0.98); (b) the 

free-flow speed reduction index w (vav) and the aggregate parameter z (R = 

0.99). 
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If there are buildings or elements of highway structures (i.e., 

visual obstructions) within the transition zone and they are 

situated close to the road edge,  then the chicane should be 

designed   at a location as close as possible to these elements. 

Furthermore, in order to obtain effective speed reduction, 

horizontal deflection of the lane by min. 2 m should be 

considered, located at a distance of up to 100 m from the visible 

nearby buildings of the village. If the transition zone is 

approached through a long straight section running through an 

open area, then for effective speed reduction, the amount of the 

horizontal deflection of the lane, should be designed taking into 

account the view of the village skyline and the distance of the 

chicane from the village buildings in view, measured along the 

road. The best results in terms of traffic speed reduction can be 

achieved at locations where the village buildings are situated 

close to the inbound lane. 
 

Discussion  
 

This article analyses seven sections of roads leading through 

villages with chicanes installed   in the transition zones. The 

analysis of the performed speed survey data represented in 

Figure 4 demonstrated a very wide and varied dispersion of 

speeds despite the fact that in almost all of the cases the analysed 

chicanes provided the same amount of the horizontal deflection of 

the carriageway lane. The comparison of the results obtained with 

speed survey data for two other sections, No. 8 and No. 9, without 

any chicanes installed, demonstrates that speed reductions were 

noted also on these sections. In view of the above, it is clear 

there must have been some other determinants resulting in speed 

reduction in these locations. 

 

In the course of the analysis the authors formulated ten-odd such 

determinants which could have an effect on the obtained speed 

reduction. Based on comprehensive analysis of factor 

assessment values obtained in the individual criteria proposed and 

of the final values of the aggregate parameters z on the test 

sections, in recapitulation we can identify the main determinants. 

For instance, in the traffic management criterion these will be the 

factors directly related to the view seen by the driver after the D-
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42 sign (Figure 13) and in the road design criterion, the factors 

related to horizontal curvature and its parameters (Figure 15). 

The greatest number of factors which obtained confirmation of 

logical tautology in the landscape and visibility criterion were 

related to the surrounding conditions in the vicinity of the road 

on the approach to the village and in the transition zone (Figure 

17). On the test sections with the greatest speed reductions 

confirmed also other factors with positive logical tautology were 

confirmed, relating to the visibility conditions and the elements 

that can be visible to the driver when approaching and passing 

through the chicane, namely the village skyline, a view of single 

buildings situated close to the road or a clear view of some road 

infrastructure elements associated with the built-up area. 

Summing up the above considerations, in the opinion of the 

authors the obtained results confirm the postulated hypotheses 

and proposals regarding the introduction of the aggregate 

parameter z, which evidently has an effect on the magnitude of 

speed reduction of vehicles which enter the village (Tables 2 and 

3 and Figures 19 and 20). 

 

Limiting the analysis to only the test sections located in open 

rural areas, we can confirm that visibility conditions have a major 

effect on drivers’ decision to reduce speed. These include the view 

of the village skyline on the approach to the transition zone, of 

nearby buildings and road infrastructure elements such as 

pedestrian pavements, accesses, junctions, visual obstructions 

e.g., bridge railings, and also the presence of horizontal 

curvature and the resulting limited view of the road ahead and its 

direct vicinity. Therefore, in choosing the location for a chicane 

to be provided as part of a traffic calming scheme, designers and 

landscape planners should, in the first place, consider the logical 

tautologies of the above given factors. The precise location of the 

chicane should also take into account the logical tautologies 

relating to the view of the village skyline, nearby buildings or 

visible elements of the road infrastructure in relation to the 

existing D-42 sign denoting the beginning of built-up area 

(Figure 21). If a confirmation of logical tautologies was obtained 

for all the above-mentioned elements, then the chicane should be 

located as close as practicable to the D-42 sign. With these 

conditions met, one can expect that the desired speed reduction 
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∆v85 = ca. 1020 km/h will be achieved within the transition zone 

with the 70 km/h speed limit signalled on the B-33 sign (Figure 4, 

Sections No. 1, No. 2 and No. 3). 

 

The analytical approach proposed by the authors for application 

by land planners and designers of traffic calming schemes in 

transition zones to villages is presented in Figure 21. In the first 

step (Figure 21–Step 1, background) consideration should be 

given to the type of terrain and landscape elements present in the 

area surrounding the road in the transition zone to the village. In 

this study the authors proposed the three following types of road 

surroundings: open rural area, rural area with groves or a tree 

row and a forest terrain. The above-mentioned landscape 

conditions in the surroundings of the road have a determining 

effect on the vehicle’s speed of approach to the transition zone, 

driver’s perception and, as a consequence, on the amount of speed 

reduction on the way through the chicane. Next, based of the 

logical tautologies confirmed during the site visits or when 

reviewing the available Google Earth or Street View imagery 

[52], the land planners should determine the value of the 

aggregate parameter z (Figure 21—Step 2—the analytical 

process regarding the conditions on the approach to the village’s 

transition zone). Further, a similar analysis should be carried out 

for the landscape elements present in the surroundings of the road 

in the vicinity of the planned chicane location (Figure 21—Step 

3—preliminary location of chicane). This should involve an 

analysis of  the road alignment along a straight section or 

horizontal curvature, assessment of the visibility of the road 

ahead and of existing locations of the vertical signs E-17 and D-

42, etc. Having initially assessed the landscape conditions in the 

surroundings of the approach to the transition zone and the 

planned chicane location, the next step should involve estimation 

of the individual factors in the three above-mentioned criteria and 

the value of the aggregate parameter z (Figure 21–Step 4–the 

assessment of the aggregate parameter z). After determining 

the aggregate parameter z we can move to the final step in 

designing a traffic calming scheme in a village transition zone 

with 70 km/h speed limit, namely to final determination of the 

chicane location and adoption of its parameters (Figure 21—Step 

5—chicane design). 
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Figure 21: Proposed design process–i.e., selection of the chicane location 

within the transition zone to the village, with 70 km/h posted speed limit. 

 

If in an open rural area there is no village skyline or nearby 

buildings in view, then a small speed reduction can also be 

expected even without a chicane on sections with horizontal 

curvature hiding the view of the road ahead, as confirmed by the 

measured vehicle speeds on the section No. 9 (Figures 4 and 1i). With 

a greater number of confirmed logical tautologies (i.e., when 

the value of the aggregate parameter z is higher than 10), 

according to the authors, chicanes resulting in horizontal 

deflection of one lane only can be considered for installation in 

the transition zones if the deflection of the lane from the straight 
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line is at least 2 m. With a smaller value of aggregate parameter z, 

in order to achieve satisfactory speed reduction, the chicane 

location should be planned closer to the existing buildings and road 

infrastructure elements and the applied lane deflection should be 

considerably larger (Figure 22). In cases when satisfactory speed 

reduction has not been achieved with chicanes already in place 

in transition zones, an additional traffic calming measure should be 

planned for installation in the vicinity of nearby village buildings. 

 

 
 
Figure 22: Semi-circular chicane horizontally deflecting one lane proposed for 

village transition zones approached through a patch of forest (based on the 

guidelines [21,24,25]). 

 

If installation of a chicane deflecting one lane only is planned in 

the transition zone to the village situated on road section going 

through a patch of forest where the driver can see neither the 

village skyline nor nearby buildings, the authors propose to locate 

the chicane as close as possible to the D-42 sign and use semi-

circular chicanes providing deflection of the lane considerably 

greater than 2 m, i.e., according to the recommendations given in 

the guidelines [21,24,25] (Figure 22). Guidelines [25] give also 

detailed recommendations regarding the size of the radius. For 

example, for the speed of 70 km/h the entry radius R1 should not 

be smaller than 100 m and the subsequent radii (R2, R3) should be 

either equal or greater than the entry radius R1. The corners of the 

chicane should be rounded and the accompanying hatched road 

markings area should end with a pointy tip. The other dimensions 

of the chicane should be accommodated within the road design 

parameters, i.e., available right-of-way width (conditioning the 

size of desired horizontal lane deflection) and national regulations 

concerning road surface markings. 
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An example of semi-circular chicane deflecting one lane, 

installed in a village transition zone in a partly forested area is 

shown in Figure 23. The effectiveness of semi-circular chicanes 

installed in transition zones to villages and the resultant further 

applications of supplementary traffic calming measures provided 

on the passage of the regional road through the village area was 

described by the authors in [60]. 

 

 
(a) 

 
(b) 

 

Figure 23: Example of semi-circular chicane horizontally deflecting one 

carriageway lane: (a) overview; (b) visible details of the semi-circular chicane 

island. 
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However, in the opinion of the authors, the process of designing 

chicanes in village transition zones should not be limited to the 

selection of the chicane location and its geometrical parameters 

but it should include proposing application of the latest 

technologies which are gaining increasingly wide use in the field 

of traffic engineering. This concerns traffic controls, including 

both upright signs and pavement markings, where solar 

technology is being introduced, resulting in considerable energy 

conservation in built-up areas and in significant improvement in 

traffic safety. The problem of the effect of LED lighting and its 

relationship with the speed and improved view of the road ahead 

has been tackled in a number of publications. For instance in 

[61] the authors described the results  of studies on the use of an 

active system for delineating the road ahead in order to enhance 

the ability of drivers to control their vehicle safely on winding 

roads. A simulator experiment compared night-time driving on a 

country road under the three following conditions: on an unlit 

road, on a road illuminated on curves by typical road lighting 

luminaires, and on a road with an active lane delineation 

application, where self-luminous road studs are turned on to 

outline the lane and road edges as the driver approaches and 

passes the curves. It was concluded that the tested LED application 

enhanced the ability of drivers to control the virtual car, as 

compared to an unlit road or road lighting. Considering that 

transition zones to villages on roads carrying through traffic 

usually are not provided with road lighting the authors have 

analysed the results of the research described in the publication 

[62]. Light conditions are essential factors in traffic safety, but 

the relationship between light conditions and vehicle speed is not 

fully understood and has rarely been examined. In the course of 

the study, the authors of [62] investigated three questions: (a) if 

vehicle speed between brighter and darker conditions in clear 

weather will be different; (b) if vehicle speeds are lower during 

rain and snow than in clear weather conditions and if so; (c) if 

the speed reduction in rainy and snowy weather conditions is 

more substantial on roads without road lighting in darkness. The 

results of the study [62] demonstrated no evidence of consistent 

patterns of speed differences with respect to lighting conditions 

(darkness, daylight, twilight or road lighting) under clear weather 

conditions and no effect of road lighting on speed reduction in 
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rainy and snowy weather. Another study described in publication 

[63] examined the effect of the light emitting diode (LED) road 

lighting of a residential road section with speed humps on speed 

reduction. The study results indicated that the LED road lighting 

that was placed directly above or in front of the hump achieved 

the highest luminance. Still, the study did not reveal any 

significant differences in vehicle speed attributable to light 

conditions per se. 

 

In the recent years solar components are increasingly being used 

in solar powered traffic signs (Figure 24).   The conditions 

prevailing on the test sections described in this article indicated 

that     it might turn out to be important to use upright signs 

equipped with light emitting diodes (LED), which according to 

the results of the research described in [64] score a better 

detection ratio than conventional upright signs. Solar LED lights 

are high capacity light sources powered with batteries self-

charging during the day. Depending on the weather conditions 

during the day, solar energy is converted to electricity by means of 

photovoltaic cells and stored in ultracapacitors capable of 

supplying impulse power according to an established program, 

both overnight and during the day. These devices are wireless, 

switched on automatically, low maintenance and eliminate the 

need to extend the lighting system serving the village centre, i.e., 

they allow to considerably lower the consumption of energy. All 

the materials used to manufacture the presented solar devices are 

recyclable, so they do not create any environmental burden and 

hence require no extra energy input. The operating temperature 

range of these devices ranges from –40 ◦C to +70 ◦C. Their usual 

warranty period is around 10–12 years, depending on the 

manufacturer. Also according to the conclusions formulated in 

guidelines [4] the D-6a sign (Figure 24b) on the approach nose of 

the central island horizontally deflecting one lane is a better 

option than using the U-5 bollard in this location (Figure 24a) 

since the D-6a sign forms a kind of a visual obstruction having an 

effect on drivers’ perception and increasing the reduction in 

vehicle speeds by additional 1–3 km/h. Still the amount of speed 

reduction depends mainly on the width of the deflected travel 

lane and the size of horizontal deflection applied. 
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Additional solar elements installed in the face of the entrance 

island, on the outer edge of the carriageway and on the guide 

posts (Figure 25) are another element related to energy 

conservation in village environments evidently contributing to 

the reduction of vehicle speeds in village transition zones. They 

are recommended by the authors for use in particular in 

transition zones situated in forest terrain. These are SolarCAP 

elements, i.e., self-contained LED lighting devices. They are not 

equipped with additional batteries, which makes them less 

expensive, and apart from contributing to conservation of energy 

they also reduce construction and maintenance costs and improve 

traffic safety owing to their better visibility, and hence a greater 

impact on drivers’ perception. They are produced from 

environmentally friendly materials and are suitable for recycling. 

Furthermore, SolarCAP devices are maintenance free for at least 

10 years from installation. They are resistant to mechanical 

damage and frost and water resistant. 

 

Their principle of operation is similar to that described above, 

i.e., during the day solar energy is converted to electricity by 

means of photovoltaic cells which is subsequently stored in 

EnergyCache ultracapacitors capable of providing impulse power 

according to an established program, both at night and at day time. 

At dusk, a Solar CAP device switches on automatically and 

emits directional light produced in LEDs. The charging time to 

full charge is ca. 1 h in harsh sun or 6–8 h under cloudy weather. 

A fully charged SolarCAP can operate continuously for over 12 

h. 

 
(a) 



Advances in Energy Research: 2
nd

 Edition 

49                                                                                www.videleaf.com 

 
(b) 

 
(c) 

 
(d) 

 

Figure 24: Application of the latest solar technology: (a) solar panel powering the 

LED arrow on bollards U-5 and C-9; (b) solar panel illuminating LED lines on 

the striped bollards D-6a and C-9; (c) view of unilluminated signs D-6a and C-

9; (d) view of signs D-6a and C-9 illuminated with LED lights. 
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(a) 

 
(b) 

 
(c) 

 
(d) 
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(e) 

 
(f) 

 

Figure 25: Recommended use of the latest solar technology: (a) SolarCAP 

mounted in the face of the island kerb–white; (b) SolarCAP Road installed in the 

outer edge of the road–yellow; (c) red LED lights used in exceptional cases on 

guide posts placed behind the outer edge of the road; (d) recommended yellow 

LED lights mounted on guide posts placed behind the outer edge of the road in a 

forest terrain; (e) proposed layout of Solar CAP and SolarCAP Road elements 

placed on a rectangular central island horizontally deflecting one lane; (f) 

proposed layout of Solar CAP and SolarCAP Road elements installed on a 

semi-circular central island horizontally deflecting one lane. 

 

Based on the conclusions from the tests carried out on the TRL 

track [24], in locations with poorer visibility conditions, for 

instance in forest terrains or in rural areas with local groves, the 

authors can recommend placement of guide posts behind the 

outer edge of the road, spaced by maximum 0.5 m from the edge 

of the road (Figure 25c,d). Such arrangements are particularly 

recommended in the case of varied topography around the 

chicane (i.e., presence of embankments or drainage ditches). 

That said, in line with the recommendations of [3], in rural areas, 

where oversize farm equipment (such as combine-harvesters) 

traffic was recorded in traffic surveys, the road shoulder should 

be additionally strengthened over up to 1 m width over the whole 

length of the lateral deflection of   the lane. Such strengthening 

can be made of (irregular) cobblestones. This measure will 

prevent deterioration of the dirt shoulder, as shown in Figure 26a. 

Surfacing the shoulder with asphalt millings is not recommended, 
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as car drivers may mistakenly take such surface for paved 

shoulder and try and use it for normal travel (Figure 26b). 

 

 
(a) 

 
(b) 

 

Figure 26: Examples of design errors over the length of the deflected lane 

section: (a) deterioration of the dirt shoulder over the length of lateral 

deflection due to the lack of strengthening; (b) asphalt millings placed on the 

dirt shoulder as an overrun area for oversize agricultural equipment along the 

horizontal carriageway deflection. 

 

Summing up the discussion conducted in reference to the 

obtained research results, the authors postulate that there is a need 

for further analyses and for confirmation of the proposed 

hypothesis on the identification of determinants of the 

effectiveness of chicanes on other roads, for example on roads 
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subject to a 50 km/h speed limit, or for use differently designed 

road chicanes in the transition zones to villages. 

 

Conclusions  

 
Recapitulating the analyses carried out under this research, it can 

be concluded that the authors have obtained a confirmation of the 

existence of the identified determinants and of their effect on speed 

reduction in the transition zones to villages on roads with a 70 

km/h speed limit indicated by the B-33 traffic signs. The 

important determinants identified in this research, which have a 

considerable effect on speed reduction are associated primarily 

with the view available to the driver on the approach to the 

village and directly in the transition zone, including: the village 

skyline, nearby clustered buildings or clearly visible elements of 

road infrastructure related to the built-up area. The size of 

provided horizontal deflection of the travel lane is another 

important factor, particularly significant with regard to 

rectangular chicanes horizontally deflecting one travel lane, 

installed on inbound lanes to villages. 
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Appendix A 

 
Table A1: Results of standard statistical tests on test sections. 

 

Test Sections Goodness-of-Fit Test 

H0: F(v) = F0(v) 

H1: F(v) ≠ F0(v) 

Significance Test u 

H0: v
before = vafter 

H1: v
before ≠ vafter 

Significance Test t 

H0: v
before = vafter 

H1: v
before > vafter 

Test for Equality of Variances F 

H0: sbefore
2= safter

2 

H1: sbefore
2>safter

2 

λ(v before) λ(v after) λα, α= 0.05 u uα, α= 0.05 t tα, α= 0.05 F Fα, α= 0.05 

No. 1 0.37 0.58 1.36 5.85 1.96 5.85 1.6 3.03 1.61 

No. 2 0.45 0.48 1.36 6.33 1.96 6.33 1.6 1.75 1.54 

No. 3 0.63 0.70 1.36 3.62 1.96 3.62 1.6 1.72 1.63 

No. 4 0.49 0.24 1.36 1.63 1.96 1.63 1.6 1.02 1.62 

No. 5 1.24 0.68 1.36 0.73 1.96 0.73 1.6 1.31 1.61 

No. 6 0.72 0.15 1.36 1.92 1.96 1.92 1.6 2.38 1.64 

No. 7 0.63 0.71 1.36 3.76 1.96 3.76 1.6 1.68 1.54 

No. 8 1.17 0.78 1.36 1.22 1.96 1.22 1.6 2.29 1.55 

No. 9 0.73 0.58 1.36 0.88 1.96 0.88 1.6 1.39 1.55 

 

Appendix B 

 
Table A2: Results of goodness-of-fit test on test sections (free speed v and vehicle flow speed v pp). 

 

Test Sections v before and v after v pp before and v pp after 

λ λα, α= 0.05 λ λα, α= 0.05 

No. 1 3.04 1.36 4.25 1.36 

No. 2 2.55 1.36 2.61 1.36 

No. 3 2.20 1.36 2.23 1.36 

No. 4 0.98 1.36 0.96 1.36 

No. 5 0.50 1.36 1.25 1.36 

No. 6 0.89 1.36 0.37 1.36 

No. 7 2.12 1.36 2.46 1.36 

No. 8 0.42 1.36 0.37 1.36 

No. 9 0.61 1.36 0.55 1.36 

 

Designations colour in the table results of goodness-of-fit test (free speed): H0: F(vbefore) = F(vafter) →λ < λα H1: F(vbefore) ≠ F(vafter) 

→λ ≥ λα. Designations colour in the table results of goodness-of-fit test (vehicle flow speed): H0: F(v pp before) = F(v pp after) → λ < λα ;H1: 

F(v pp before) ≠ F(v pp after) → λ ≥ λα. 
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Table A3: Results of goodness-of-fit test on subsequent test sections (free speed vafter and vehicle flow speed v pp after). 

 

Test Section i and i+1 vafter
i and vafter i+1 v pp after i and v pp after i+1 

λ λα, α = 0.05 λ λα, α = 0.05 

No.1 and No. 2 1.04 1.36 2.76 1.36 

No. 2 and No. 3 0.99 1.36 1.19 1.36 

No. 3 and No. 4 1.46 1.36 1.66 1.36 

No. 4 and No. 5 1.32 1.36 1.02 1.36 

No. 5 and No. 6 1.49 1.36 0.90 1.36 

No. 6 and No. 7 1.05 1.36 1.19 1.36 

No. 7 and No. 8 4.48 1.36 4.86 1.36 

No. 8 and No. 9 3.72 1.36 3.61 1.36 

 

Designations colour in the table results of goodness-of-fit test (free speed): H0: F(vafter
i) = F(vafter

i+1) →λ < λα; H1: F(vafter
i) ≠ F(vafter

i+1) 

→λ ≥ λα. Designations colour in the table results of goodness-of-fit test (vehicle flow speed): H0: F(v pp after
i) = F(v pp after

i+1) →λ < λα; H1: 

F(v pp after
i) ≠ F(v pp after

i+1) →λ ≥ λα. 

 

Appendix C 
 

Table A4: Results of test of independence on test sections (free speed v and vehicle flow speed v pp). 

 

Test Section v before and v after v pp before and v pp after 

χ2 χα
2, α= 0.05 χ2 χα

2, α= 0.05 

No. 1 25.7 3.84 28.5 3.84 

No. 2 15.6 3.84 16.8 3.84 

No. 3 9.7 3.84 14.3 3.84 

No. 4 4.3 3.84 4.2 3.84 

No. 5 1.00 3.84 7.6 3.84 

No. 6 0.98 3.84 0.8 3.84 

No. 7 3.80 3.84 6.1 3.84 

No. 8 0.04 3.84 1.1 3.84 

No. 9 0.03 3.84 0.08 3.84 

 

Designations colour in the table results of test of independence (free speed): H0: P{X = vbefore
i, Y = vafter

i} 

= P{X = vbefore
i}, P{Y = vafter

i} → χ2 < χα
2; H1: P{X = vbefore

i, Y = vafter
i} ≠ P{X = vbefore

i}, P{Y = vafter
i} → χ2 ≥ χα

2. Designations colour in 

the table results of test of independence (vehicle flow speed): H0: P{X = v pp before
i, Y = v pp after

i} = P{X = v pp before
i}, P{Y = v pp 

after
i} → χ2 < χα

2; H1: P{X = v pp before
i, Y = v pp after

i} ≠ P{X = v pp before
i}, P{Y = v pp after

i} → χ2 ≥ χα
2. 
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Table A5. Results of test of independence on subsequent test sections (free speed v after and vehicle flow speed v pp after). 

 

Test Section i and i+1 vafter
i and v after i+1 v pp after i and v pp after i+1 

χ2 χα
2, α= 0.05 χ2 χα

2, α= 0.05 

No.1 and No. 2 4.64 3.84 17.8 3.84 

No. 2 and No. 3 7.23 3.84 12.3 3.84 

No. 3 and No. 4 7.87 3.84 12.9 3.84 

No. 4 and No. 5 2.66 3.84 0.34 3.84 

No. 5 and No. 6 3.39 3.84 1.19 3.84 

No. 6 and No. 7 0.11 3.84 0.00 3.84 

No. 7 and No. 8 76.44 3.84 84.0 3.84 

No. 8 and No. 9 52.46 3.84 37.4 3.84 

Designations colour in the table results of test of independence (free speed): H0: P{X = v
after

i, Y = v
after

i+1} 

= P{X = v
after

i}, P{Y = v
after

yi+1} → χ
2
 < χα

2
; H1: P{X = v

after
i, Y = v

after
i+1} ≠ P{X = v

after
i}, P{Y = v

after
i+1} → χ

2
 ≥ χα

2
. Designations colour in the 

table results of test of independence (vehicle flow speed): H0: P{X = v 
pp after

i, Y = v 
pp after

i+1} = P{X = v 
pp after

i}, P{Y = v 
pp 

after
yi+1} → χ

2
 < χα

2
;H1: P{X = v 

pp after
i, Y = v 

pp after
i+1} ≠ P{X = v 

pp after
i}, P{Y = v 

pp after
i+1} → χ

2
 ≥ χα

2
. 

 

Appendix D 
 

Table A6. Results of median tests on test sections (free speed v and vehicle flow speed v pp). 

 

Test Section v before and v after v pp before and v pp after 

χ2 χα
2 , α = 0.05 χ2 χα

2 , α = 0.05 

No. 1 21.6 3.84 178.2 3.84 

No. 2 15.9  3.84 17.7 3.84 

No. 3 12.8 3.84 16.3 3.84 

No. 4 3.53 3.84 1.4 3.84 

No. 5 7.95 3.84 5.1 3.84 

No. 6 4.82 3.84 2.0 3.84 

No. 7 16.06 3.84 24.0 3.84 

No. 8 0.20 3.84 1.2 3.84 

No. 9 0.36 3.84 0.3 3.84 

Designations colour in the table results of median tests: H0: F1(x) = F2(x) → χ2 < χα
2; H1: F1(x) ≠ F2(x) → χ2 ≥ χα

2. 

 

Table A7: Results of median tests on subsequent test sections (free speed vafter and vehicle flow speed v pp after). 

 

Test Section i and i+1 v after i and v after i+1 v pp after i and v pp after i+1 

χ2 χα
2, α= 0.05 χ2 χα

2 , α = 0.05 

No.1 and No. 2 4.95 3.84 31.8 3.84 

No. 2 and No. 3 6.31 3.84 3.5 3.84 

No. 3 and No. 4 15.98 3.84 9.5 3.84 

No. 4 and No. 5 16.58 3.84 0.97 3.84 

No. 5 and No. 6 5.63 3.84 4.0 3.84 

No. 6 and No. 7 4.90 3.84 13.4 3.84 

No. 7 and No. 8 67.33 3.84 90.6 3.84 

No. 8 and No. 9 41.10 3.84 37.4 3.84 

Designations colour in the table results of median tests: H0: F1(x) = F2(x) → χ2 < χα
2; H1: F1(x) ≠ F2(x) → χ2 ≥ χα

2. 

 


