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In the expressway reconstruction and expansion engineering, the form of rightward zone is increasingly adopted, and its
complicated traffic conditions can easily cause traffic accidents. In order to quickly and effectively grasp the traffic risk of the right
diversion section, this study employs average speed, the coefficient of variation, the equivalent minimum safety distance, and the
deceleration as evaluation indexes of driving risk, and then analyses the influence rules of traffic volume, the proportion of large
vehicles, and the length of the transition section on each evaluation index by using Vissim simulation software. On the basis of
this, we determine the weight of each evaluation index by the entropy method and establish the driving risk index evaluation
model of the work zone with multiple linear regression. The results show that the partial regression coeflicients of traffic volume,
the proportion of large vehicles, and the length of the transition section to the driving risk index are 0.059, 0.317, and 0.15,
respectively. Finally, in this paper, we analyze the traffic risk of example section based on the driving risk evaluation model. The
results of evaluation are consistent with the number of measured conflicts. This study proposes a new method for predicting the
traffic risk of the expressway reconstruction and extension engineering, which can provide a reference for the development of

safety management measures in the rightward zone.

1. Introduction

With the rapid development of the economy and the society,
the capacity of expressway built in the early stage is gradually
unable to meet the actual traffic demand. In the work zone of
reconstruction and extension engineering, traffic vehicles,
construction vehicles, and personnel are intertwined. The
condition of the vehicle traffic is complex. Acceleration and
deceleration, change of lanes, and other reactions frequently
occur, leading to traffic accidents easily. According to rel-
evant statistics [1], the accident rate in the work zone is
much higher than that in normal road sections. From 2010
to 2014, in the United States, more than 4,400 people died in
traffic accidents in the work zone and more than 200,000
people were injured in these accidents.

At present, there are a large number of four-lane ex-
pressway reconstruction and expansion engineering. In
order to ensure the normal operation of traffic and to reduce
the adverse impact on economic development during the
period of the construction, the method of diversion to the
right is adopted in many reconstruction and expansion
engineering to ensure four lanes pass [2, 3]. Most of the
research on traffic risks in the work zone is based on the
partially closed and semienclosed working zone of ex-
pressway sections [4]. There are poor research and analysis
on the rightward zone of expressway reconstruction and
extension engineering.

To this end, we selected the rightward zone of ex-
pressway reconstruction and extension engineering as the
research object and tried to establish a new work-zone traffic
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risk assessment model to help managers formulate a rea-
sonable and effective management plan to reduce the traffic
risk in the work zone.

2. Literature Review

In order to effectively carry out the research on the traffic
risk of the rightward zone of expressway reconstruction and
extension engineering, the following will review and sum-
marize the previous research results from several aspects
including research direction, risk types, risk mechanisms,
and risk influencing factors.

Over the years, scholars from various countries have
conducted much research on the risk of driving in the ex-
pressway work zone and have obtained a lot of research
results. The current research is mainly divided into three
aspects. Firstly, they analyzed the characteristics (e.g., crash
severity, crash rate, and crash types) of the historic accident
data and established the risk prediction model [5-8]. Sec-
ondly, they carried out a risk assessment based on the theory
of traffic conflicts using the nonaccident data (e.g., the time
to collision and deceleration rate to avoid the crash) [9-12].
In addition to the above two dominating research directions,
some researchers have carried out related research from the
perspective of psychology and physiology (e.g., speed
preference and driver perception) [13-15].

In terms of traffic risk types in work zone, most scholars
believe that rear-end collision risk in a car-following state is
the most important type of risk [16, 17]. Daniel et al. found
that the main types of accidents in the work zone are rear-
end crashes, angle crashes, head-on crashes, and fixed object
crashes [18].Garber and Zhao analyzed the characteristics of
work-zone crashes that occurred in Virginia from 1996
through 1999, the results showed that rear-end crashes are
the predominant crash type, and sideswipe-in-same-direc-
tion crashes mainly occurred in the transition section [19]. Li
and Bai, after counting the fatal and injury accidents be-
tween 1992 and 2004 in Kansas highway work zones, found
that the rear-end was the dominant injury accident type and
head-on was the dominant type for fatal accidents [20].

In terms of factors affecting traffic safety in work zone,
previous studies have shown that traffic risks are affected by
various factors such as drivers, work zone, traffic volume,
vehicle speed, and weather [21, 22]. Indicators such as ve-
hicle speed, traffic volume, vehicle model ratio, and the
length of working zone can be effectively monitored and
applied to risk analysis [23, 24]. Morgan et al. studied the
relationship between the length of the transition section in
the work zone and the driving risk, of which the results
showed that the reduction of the transition section length
will increase the driving risk to a certain extent [25]. Ge et al.
used the VISSIM simulation model and the surrogate safety
assessment model (SSAM) to analyze the relationship be-
tween the length of the warning zone and traffic conflicts,
which showed that the traffic conflicts decreased as the
length of the warning zone increased [26]. Ge et al. analyzed
the impact of speed dispersion on traffic risk based on the
improved time to collision (TTC) model, and the results
showed that reducing speed dispersion can effectively reduce
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driving risk in work zone [27]. Yang et al. used the variable
speed limit (VSL) system to verify that the dispersion of
vehicle speed in the work zone is reduced, which can ef-
fectively improve road safety [28]. Meng et al. compre-
hensively considered the impact of traffic volume, vehicle
model ratio, average speed, and other factors on traffic risks
and established a novel probabilistic quantitative risk as-
sessment (QRA) model [29]. Qu et al. analyzed the rela-
tionship between traffic states and conflicts, and the results
showed that traffic volume, speed, and density are closely
related to traffic risk [30].

In addition, there are two main methods for assessing
traffic risks in the work zone. On the one hand, macrotraffic
risk analysis, using indicators including vehicle speed dis-
crete index, section speed change indicator, and running
speed index, is conducted to analyze the significance and
difference of the vehicle speed change [31, 32]. On the other
hand, microrisk analysis mainly uses the theory of traffic
conflicts to predict the possibility of traffic conflicts [33, 34].

Since the rightward zone is different from the general
work zone, many conclusions cannot be directly used. So,
this paper will combine the characteristics of the rightward
zone to comprehensively analyze the impact of traffic flow
conditions and traffic organization indicators on the traffic
operation of the work zone. Finally, we proposed a traffic
risk assessment model for the rightward zone of the ex-
pressway from the macro- and microperspectives, and ap-
plied the assessment model to analyze and verify the sample
road sections.

3. Driving Risk of Rightward Zone

3.1. The Form of Rightward Zone. In order to ensure the
regular operation of traffic and reduce the adverse impact on
economic development during the reconstruction and ex-
tension of some four-lane expressways widened into eight
lanes, much proprietor selects the plan, which guarantees the
smooth flow of four lanes during the construction period
[35]. In order to maintain four-lane traffic flow, vehicles
need to occupancy opposite lanes during the construction
phase of subgrade and pavement. In the opposite lane, since
it is necessary to separate two lanes for the opposite vehicle,
the vehicle must be diverted rightwards to the two lanes
widened to the outside before the vehicle enters the work
zone, which is defined as a rightward zone. The section is in
the form of a filled region, as shown in Figure 1, wherein the
section in which redirects the vehicle to the right to complete
the traffic conversion is defined as a rightward zone tran-
sition section, referred to as a transition section, in the form
of a blue-filled region in Figure 1.

3.2. Analysis of Driving Risk. The road environment of the
rightward zone is complicated. The alignment is changeable,
the driving route is continuously changing, and construction
compresses the driving space of the vehicle. Traffic infor-
mation within the road range is abundant and miscella-
neous, the driver operates the vehicle frequently, and the
increased intensity of tension, to a certain extent, leads to a
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FIGURE 1: Work zone of the rightward zone.

higher risk of driving in the rightward zone. Besides, because
there are two available lanes in the rightward zone, and the
driver has strong adaptability to the rightward zone, the
vehicles in the rightward zone drive at high speed, often
exceeding the limit speed by a large proportion. On the
whole, the traffic risk of vehicles in the rightward zone is
higher than that of the typical expressway section.

The traffic system of a rightward zone is a dynamic
system composed of humans, vehicles, roads, and the en-
vironment. Any change of each variable involved in it will
have an impact on the operation of the entire traffic flow. We
focus on the impact of traffic volume, traffic composition,
and length of the transition section on the traffic safety of the
rightward zone. We select traffic volume, traffic composi-
tion, and length of the transition section as dynamic
influencing factors and analyze from the macro- and
microperspectives.

3.2.1. Macroindicator. Macroscopically, we analyze the
speed of the work zone through the average speed and
coefficient of variation. Based on this, we carry out quan-
titative research from speed dispersion and significance of
speed difference and analyze the macrorisk qualitative
analysis on the rightward zone.

According to the relevant research [36], the higher the
vehicle speed, the higher the accident rate and severity of the
vehicle. For every 1 km/h increase in the average speed, the
traffic accident damage will increase by 3%, and the deadly
traffic accident will increase by 4%~5%. On the one hand,
when the traffic system is in an unexpected situation, the
time for the driver to observe and the judge is reduced, so the
possibility of misjudgment and wrong decision-making in
the operation of the vehicle as well as traffic accident rate will
increase accordingly. On the other hand, as the speed of the
car increases, the braking distance of the car increases, the
turning radius becomes more substantial, and the lateral
stability of the car decreases. When the driver slows in
reacting or mishandles, it is easy to cause the vehicle to lose
control and cause an accident [37].

The coefficient of variation is the ratio of the standard
deviation of the vehicle speed to the average vehicle speed,

and its magnitude reflects the degree of dispersion of the
vehicle speed. The effect of speed discrepancies on traffic
safety is essential that the traffic flow deviates from the
steady-state due to the dispersion of the vehicle speed. The
headway distance and spacing cannot be kept stable, the
comfort level of the driver and passenger is reduced, the
operating efficiency is reduced, and the probability of traffic
accidents increases [38].

3.2.2. Microindicator. Microscopically, we analyze the
correlation between the microevaluation index and the
driving risk in the rightward zone according to the braking
deceleration and the equivalent minimum safety distance.

Minimum safety distance equation is an indicator which
takes into account the two factors of vehicle spacing and
speed difference before and after. The expression is as shown
in equation (1). MSDE decreases with the decrease of the
headway h distance, the decrease of the front vehicle speed,
and the increase of the rear vehicle speed; when MSDE >0, it
represents that the distance between the two vehicles is safe;
when MSDE <0, it represents a potential danger between the
two cars, and the greater the absolute value of the negative
MSDE, the greater the risk of accidents [39]:

2 2
_VF

MSDE—147V xh-Vyx PRT)+—L —F_
( E ) 30(f +g) (1)

PRT =t, +t, +1;.

Here, V7 is the front vehicle speed (mph); V. is the rear
vehicle speed (mph); £ is the headway (s); PRT is the vehicle
safety time (s); f is the road friction coefficient; g is the road
longitudinal slope; #; is the reaction time of rear vehicle
driver perceives; t, is the duration after the driver's foot
leaves the brake until the brake has an effect; and t; is the
duration of vehicle brake operation.

The deceleration of the braking process directly affects
the driving safety of the vehicle, and its size and distribution
reflect the emergency of the vehicle braking. When the
deceleration is more significant than 3 m/s* the driver’s
vision is blurred, which seriously affects the safe driving of



the vehicle. As the deceleration gradually increases, the
driver’s adverse reactions increase sharply, and the risk of
traffic accidents increases [40].

Based on using indexes such as average speed, coeflicient
of variation, braking deceleration speed, and minimum safe
distance equivalent to represent the driving risk, the driving
risk index is further defined to evaluate the driving risk of the
rightward zone comprehensively (as shown in Figure 2). The
driving risk index is a weighted sum of the driving risk
evaluation indexes of the rightward zone to obtain the
driving risk index value used to reflect the driving risk degree
of the rightward zone. The higher the driving risk index is,
the higher the driving risk of the vehicle in this section is,
moreover, vice versa.

4. Data Collection

4.1. Establishment of a Simulated Road Section. Existing
studies have proved that Vissim simulation software can
accurately and effectively simulate and predict the state of
traffic flow [41, 42]. According to the running character-
istics of vehicles in an expressway work zone, we applied
Vissim simulation software to simulate the running state of
traffic flow in the rightward zone of the expressway re-
construction and extension engineering. According to the
actual traffic condition of the right-turning lane diversion
section, the establishment of the simulation model is the
basis of traffic simulation. Select the work zone of an ex-
pressway in which the number of lanes has increased from
four to eight in Anhui Province as the investigation section.
Based on the work zone of a rightward zone in the re-
construction and extension engineering section, investigate
the traffic data and establish the simulation model. Design
the work zone of this rightward zone with a speed of
120 km/h, double side widening, lane width of 3.75m, and
transition section length of 60 m. The length of the other
sections is shown in Table 1.

4.2. Simulation Strategy. The traffic volume (Q), the pro-
portion of the large vehicles (P), and the length of transition
section (L) are selected to analyze the driving risk of the
rightward zone. By setting the detector, the simulation data
are collected to observe the running condition of vehicles
under different traffic flow conditions. After processing the
data including speed, acceleration, arrival time, and other
original data of each car which passes through the detector
section, we calculate the average speed (AS), coefficient of
variation (CV) [43], minimum safe distance equivalent
(MSDE) [44], and deceleration (a), respectively. Further-
more, the changes of evaluation indexes under different
traffic conditions are analyzed to explore the internal in-
fluence rules of traffic volume, the proportion of large ve-
hicles, and the change of transition section length on vehicles
driving in the rightward zone.

Table 2 shows the simulation experiment design.
Figure 3 shows the layout of detection points. Figures 4-6
show the analysis of the influencing factors under the
separate changes of the three factors of the traffic volume,
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the proportion of the large vehicles, the length of tran-
sition section. Figure 7 presents the distribution and
change of braking deceleration in the rightward zone.

4.3. Analysis of Influencing Factors

4.3.1. Average Speed. Through the analysis of Figures 4(a)
and 4(b), it can be found that as the traffic volume and the
proportion of large vehicles increase, the average speed
decreases, which indicates that the average speed is nega-
tively correlated with the traffic volume and the proportion
of large vehicles. It can be seen from Figure 4(c) that, as the
length of the transition section increases, the average speed
increases, indicating that the average speed is positively
correlated with the length of the transition section. It is
worth noting that the average speed increases significantly
with the increase of the length of the transition section
within a specific range. When the length of the transition
section increases to a specific value, the change range of the
average speed with the increase of the length of the transition
section is small and tends to be approximately stable.
By observing the lateral variation trend of each figure in
Figure 4, it can be found that the variation trend of the
average speed is approximately the same, which decreases
firstly and then rises. The difference is that the various points
of the trend will gradually move forward with the increase of
traffic volume, gradually move backward with the increase of
the length of transition section, and remain unchanged with
the increase of the large vehicles’ proportion.

4.3.2. Coefficient of Variation. From Figure 5, compared
with other sections, the coefficient of variation of the section
before and after the transition section is more significant,
reaching 0.66, while that of other sections is slightly larger
than 0.1. From Figure 5(a), the coefficient of variation is
positively correlated with the traffic volume. As the traffic
volume increases, the coefficient of variation increases
gradually. From Figure 5(b), with the increase of the pro-
portion of large vehicles, the coefficient of variation in the
range before and after the transition section will increase
significantly. From Figure 5(c), within a specific range,
coefficient of variation is negatively correlated with the
length of the transition section. As the length of the tran-
sition section increases, the coefficient of variation of each
section before and after the transition section decreases
gradually but tends to be stable when it increases to a certain
length.

4.3.3. Minimum Safe Distance Equivalent. As can be seen
from the figures in Figure 6, the minimum safe distance
equivalent is negatively correlated with the traffic volume
and the proportion of large vehicles. With the increase of the
traffic volume and the proportion of large vehicles, the
minimum safe distance equivalent keeps decreasing, indi-
cating that the driving risk is increasing; however, the
minimum safe distance equivalent presents different vari-
ation trends with the change of transition section length at
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FIGURE 2: Schematic diagram of traffic risk analysis for rightward zone.

TaBLE 1: Length of each section of the work zone.

Section Warning zone Upstream transition zone Buffer zone Working zone Downstream transition zone Termination zone
Length (m) 1600 90 50 2100 30 30
TABLE 2: Simulation experiment design.
Group Research purposes Q [veh/h] P L (m) Evaluation
indexes
The impact of traffic volume on traffic 800, 1000, 1200, 1400, 1600, o
! risk 1800, 2000, 2200, 2400 40% 100 AS, CV, MSDE
The impact of the proportion of large 20%, 30%,
2 vehicles on traffic risk 1800 40%, 50% 100 AS, CV, MSDE
The impact of the length of transition N 20, 40, 60, 80, 100,
3 section on traffic risk 1800 40% 120, 140, 160 AS, CV, MSDE
4 The distribution and cbange of braking 1800 40% 100 B
deceleration
Upstream g ¢for
Warning zone ~ transition zone , . Transition section Working zone Transition section
| | |
Detection points | Detection Detection  Detection Detection | Detection
1-18 points  points points points points
1920 5120 2325 26-33 34-37
A The central 4
é- & € central reserve - é
N
) 6/
A & \ t
N
6 [ ] é- [} 6 ) 6
Hardened verge N N A A A A A7 ./
&, s —8&—s—8-8& K &
& ¢
=
& %

FiGure 3: The layout of data detection points.

different sections. For each section in front of the transition
section, the minimum safe distance equivalent increases
firstly with the length of the transition section and then tends
to be stable. For each section after the transition section,
MSDE is more significant when the length of the transition
section (20 m and 40 m) is small. The possible reason is that
relatively few vehicles pass through the transition section
and enter the working zone due to the severe congestion
before the transition section.

4.3.4. Deceleration. Figure 7 shows that the deceleration
value in this case mainly focuses on 0.3 m/s>-2.3 m/s>, es-
pecially 0.3m/s? and the rest of the deceleration value is
scattered in the range of 2.3 m/s’~7.5m/s’, and the prom-
inent part is around 2.9m/s>. In the rightward zone of
the work zone, the braking speed of some vehicles is above
5m/s® and this is because the emergency braking of vehicles
requires greater deceleration to avoid collisions, which leads
to greater driving risks.
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FIGURE 4: Average speed varies with each factor. (a) Average speed varies with traffic volume. (b) Average speed varies with the proportion of
large vehicles. (c) Average speed varies with the length of the transition section.

5. Establishment of Driving Risk
Evaluation Model

We define the driving risk index to represent the driving safety
level of the rightward zone of expressway reconstruction and
extension engineering. We apply the entropy value method to
determine the weight of average speed, coefhicient of variation,
minimum safe distance equivalent, and deceleration, and
calculate the driving risk index value by weighting. Because the
average speed and coeflicient of variation are macroindicators,

the speed data of the work zone can be adopted directly. Since
the minimum safe distance equivalent and deceleration are the
indicators of a specific vehicle, we select the representative 85th
percentile data as the representative, that is, ag; and MSDE;.

5.1. Introduction to Entropy Method. The entropy method is
a mathematical method used to judge the dispersion
degree of an index. The higher the degree of dispersion,
the higher the influence of this index on a comprehensive
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evaluation [45]. The calculation steps of the entropy ’ xij - min{xlj,xzj’ o xnj}
method are as follows: 3xjj = { } - { }
. o MAX{X] 5 Xy e v e s Xpyit — MUN{X] 15 Xgis e v s Xy
(a) Unified treatment of indicators: e ! e ](2)
Let the original evaluation matrix be X = (x;;),-
Since the benchmark and measurement unit of each Backward indicator:
evaluation index is different, the four indexes are
normalized before comprehensive calculation. The x| = max{xlj,xzj, S xn]'} ~Xij
specific methods are as follows: Y max{xlj,xzj, . .,xnj} - min{xlj,xzj, . .,xnj}

Forward indicator: (3)
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FIGURE 6: The minimum safe distance equivalent varies with each factor. (a) The average value of MSDE varies with traffic volume. (b) The
value of MSDE varies with the proportion of large vehicles. (c) The average value of MSDE varies with the length of the transition section.

Then, x; ;s the value of the jth index belong to the ith n
evaluated unit (i=1, 2, ..., n; j=1, 2, ..., m). For € = —kZp,-J- ln(Pij)' (5)
i=1

. ! . ! . .
convenience, x;; remains x;; after normalization.

(b) Calculate the proportion of the ith evaluation unit in
the jth index:
» Xij 1 1
iTei— i=1lL...,nj=1,...,m 4
YooY Xij ) dj =1-e; (6)

Constant k = In(m), to ensure 0 < e;<l

(d) Calculate redundancy of information entropy:

(c) Calculate the entropy value of the jth index: (e) Calculate the weight of each index:
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FIGURE 7: Deceleration frequency distribution.

d,
W=t j=L....m. (7)
Yihd;

(f) The weight of the jth index and the proportion of the
ith sample of the jth index in the standardized matrix
to the index p;; are taken as the evaluation value S;;

of x;;, and the comprehensive score of this sample is

obtained by adding the §;;of the same sample:

Sl.j_W].*pU, i=1,...,n,
m
8
Sl:ZS’]’ i=1,...,n. ()
j=1

5.2. Evaluation Results of Driving Risk Index through Entropy
Method. According to the above steps, Matlab software was
used to compile programs to analyze the average speed,
coefficient of variation, the minimum safe distance equiv-
alent, and the deceleration, and obtain the entropy analysis
results of the four indexes, as shown in Table 3.

Table 3 shows that the data of the coefficient of variation
in the rightward zone of expressway reconstruction and
extension engineering are the most orderly and contain the
most information. Thus, the weight is the largest, followed by
the average speed, deceleration speed, and equivalent
minimum safety distance. According to the calculation re-
sults of W ;, we obtain the calculation formula of the driving
risk index DR of the rightward zone as follows:

DR = 0.1311x, +0.6354x, + 0.1052x; + 0.1283x,.  (9)

In the formula, DR is the driving risk index; x, is the
standardized value of average speed; x, is the standardized
value of coefficient of variation; x; is the standardized value
of equivalent minimum safety distance; and x, is the
standardized value of deceleration.

5.3. Determination of the Classification Threshold of Driving
Risk Index. Calculate the driving risk index of all samples
according to equation (9). Since the driving risk index was a
decimal between 0 and 1, the driving risk index was

expanded by 100 times to facilitate analysis and obtain the
cumulative frequency distribution of the driving risk index,
as shown in Figure 8.

According to the principle of statistics, take the corre-
sponding values of 15%, 50%, and 85% as grading thresh-
olds, and divide the driving risk into four grades: safe,
relatively safe, relatively dangerous, and dangerous. The
results are shown in Table 4.

5.4. Multiple Regression Evaluation Models of Driving Risk
Index for Rightward Zone

5.4.1. Modeling. Given the distribution characteristics of
simulation test data and the feasibility of modeling, multiple
linear regression models can be used to determine the re-
lationship between driving risk index and driving risk
influencing factors of the rightward zone. Take the traffic
volume, the proportion of large vehicles, and the length of
the transition section as independent variables, and take the
driving risk index as the dependent variable:

DR = 0.059Q + 0.317P — 0.15L — 5.841. (10)

In the formula, DR is the driving risk index (x100); Q is
the traffic volume (veh/h/In); P is the proportion of large
vehicles (%); and L is the length of the transition section.

5.4.2. Model Checking. Table 5 shows the fitting situation of
the driving risk model of the rightward zone, with the
multiple correlation coeflicient of 0.935 and the judgment
coeflicient of 0.875. According to the multiple correlation
coeflicient and judgment coefficient, the goodness of fit of
driving risk model in operation area is higher.

Besides, the concomitant probability corresponding to
the F statistic is 0, less than 0.05, and the linear relationship
of the equation is significant. The joint probability of ¢
statistics of Q, P, and L is 0, less than 0.05, suggesting that Q,
P, L, and DR have an apparent linear relationship. According
to the regression coeflicient of the model, the larger the
traffic volume is, the higher the proportion of large vehicles
is, the shorter the length of transition section is, and the
higher the driving risk.

6. Example Verification

In order to further verify that the proposed risk evaluation
model of the rightward zone in the expressway recon-
struction and extension engineering in this article is practical
and useful, in October 2018, after obtaining the consent of
the K expressway management department, the research
team went to Anhui Province to collect data in the work
zone, and the site of the work zone is shown in Figure 9.
Through proper processing of traffic data collected on this
section, obtain indexes such as average speed, coefficient of
varjation, minimum safe distance equivalent, and deceler-
ation. Finally, evaluate the driving risk of this section.

The section of the work zone is the four-lane expressway
widened into the eight-lane project. The form of the work
zone is the rightward zone, and the driving vehicle is
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TaBLE 3: Calculation results of the entropy method.
Category Average speed Coeflicient of variation The minimum safe distance equivalent Deceleration
e; 0.9771 0.8888 0.9816 0.9775
dj 0.0229 0.1112 0.0184 0.0225
W, 0.1311 0.6354 0.1052 0.1283
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FIGURE 8: cumulative frequency distribution of the driving risk index.
TaBLE 4: Driving risk index division.
Grade Safe Relatively safe Relatively dangerous Dangerous
Value range <22 22-33 33-61 >61

TaBLE 5: The goodness of fit test of the driving risk model.

Multiple correlation coefficient R

Judge coefficient R’

After adjustment R® Standard deviation

0.935 0.875

0.874 6.488

(a)

(b)

FIGURE 9: Scene photos of the work zone.

transferred to the right half of the road. Set up 8 typical cross
section data collection points. Then, apply the chain Doppler
radar speed measurement and camera to collect data. The
location of the collection point is shown in Figure 10.
Among them, the detection section No. 1 is located at the
beginning of the warning zone; No. 2 is located at the
warning zone, which is 400 m away from the start of the

warning zone; No. 3 is located at the warning zone, which is
1000 m from the start of the warning zone; No. 4 is located at
the beginning of the upstream transition section; No. 5 is at
the beginning of the rightward zone transition section; No. 6
is located at the midpoint of the work zone; No. 7 is located
at the beginning of the downstream transition section; and
No. 8 is located at the end of the work zone.
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Figure 10: Collection point location.

TABLE 6: Driving risk assessment results of a case.

Length of transition (m) Vv Ccv ags MSDEg; DR Measured conflict
60 80.375 0.17 2.52 66.71 0.33 31
100 80.729 0.15 1.89 69.29 0.27 18
Set the length of the original transition section in the vehicle risk index, traffic volume, the proportion of
work zone of the rightward zone at 60 m, which was in- large vehicles, and the length of the transition section.
creased to 100m after optimization. Collect traffic data . .
under the two conditions of one hour for comparative ) Trafﬁcvolume,.t}.le proportion oflarge.:vehlcles, and the
. o . length of transition section all have influences on the
analysis. The driving risk evaluation results and the actual drivine risk of the richtward hich
conflicts are shown in Table 6. riving risk of the rightward zone, among whic the
Table 6 shows that the driving risk index is consistent driving risk is pc?smvely correlat(?d with t'rafﬁc vol}lme
with the actual traffic conditions, indicating that the driving and tlhe Srop (Lmﬁn IOf large fv ::}}lncles, V\.’hﬂe neggtlvely
risk assessment results are reliable. Besides, the driving risk correlated with the length of the transition section.
of the example section belongs to a safer category. By op- (3) In this paper, the traffic risk evaluation model of the
timizing and increasing the length of the transition section, expressway reconstruction and extension engineer-
the driving risk decreases to some extent. ing rightward zone is verified by the traffic data of a
measured section in Anhui Province, which shows
7. Conclusions that the model is practical and useful.
(4) In this paper, study the traffic risk evaluation model
(1) This paper takes the driving risk of the rightward zone of the expressway reconstruction and extension
of expressway reconstruction and extension engi- engineering in the form of four lanes widened into
neering as the research object. Micro and macro traffic eight lanes. Only consider the traffic volume, the
flow parameters were selected to measure the driving proportion of large vehicles, and the length of the
risk index, which was taken as an index to indicate the transition section. In the next stage, we should
driving risk. Simulate the traffic flow in the work zone consider more work-zone forms and influencing
by traffic simulation technology, the influence of factors in the study of driving safety.
traffic volume, the proportion of large vehicles, and
the length of the transition section on each evaluation
index were analyzed. Based on the entropy method,  Data Availability

the relationship between the driving risk index and
each evaluation index was determined. Furthermore,
establish the multiple linear regression models of

The data used to support the findings of this study are
available from the corresponding author upon request.
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