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Traffic Evaluation Model of the Opening Road in Residential area 
based on VISSIM simulation

With the increasing urban road traffic pressure in closed 
residential areas, the problem of road patency in residential 
areas has become a hot topic. This paper established a traffic 
evaluation Model of the opening community based on VISSIM 
simulation. We constructed different types of residential areas, 
and compared the impact on traffic after opening different kinds 
of areas. With the analytic hierarchy process, we selected ten 
important indicators from three aspects. Then, the parameters 
of the road structure were put in the VISSIM simulation, and 
quantitatively analyze the impact of various types of residential 
areas opening. The results showed that changing the traffic 
rules at the intersection of the community has the greatest 
improvement in traffic capacity, reaching 89%. The influence 
of increasing the internal road and changing the external 
road structure of the city is more visible, reaching about 60%. 
The overall opening-up policy should be suitable for different 
localities.
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1. Introduction 

In 2016, the State Council of China issued im-

portant opinions on optimizing the road network 

structure in this area, pointing out that closed 

residential areas should not be constructed in 

principle, and residential areas and unit court-

yards should be gradually opened to achieve in-

ternal road publicity [1]. This has aroused wide-

spread concern and discussion of community 

opening [2]. Therefore, it is vital to evaluate the 

effect of the opening of the area reasonably. 

Nowadays, there are large number of studies 

having discussed the urban road network sys-

tem. For example, the survey of multi-layer net-

work growth in urban dynamic detection by Ding 

Rui [3] provides scholars with a new method to 

discuss the trend of structural change and its re-

lated effects. Tian et al [4] put forward an original 

way of road network pattern analysis, which pro-

vides a new framework for road network pattern 

analysis from the cellular point of view. However, 

few studies have focused on the impact of areas 

opening in communities. Therefore, this paper 

selects indicators from three aspects: road ca-

pacity, road safety, and portability. Using road 

simulation software VISSIM, we design four rep-

resentative residential road structures to make a 

quantitative study on the impact of open and 

closed communities, which provides a reference 

for urban planners and the government. 

2. Establishment of evaluation index system 

2.1 Road capacity 

Calculation of Road Design capacity dC  dC re-

fers to the service traffic that the road can bear, 

which is usually used as the basis for road plan-

ning and design. The fundamental function of 

the way is 0C , which will be disturbed by non-

motor vehicles, lane width, intersection rules, 

and so on. b is the non-motor vehicle reduction 

factor, w  is the lane width reduction factor. The 

lane width c  and s  represent the intersec-

tion reduction factor and the road service level 

correction factor. The corresponding road ca-

pacity is as follows: 0d b w c sC C    =      

Average road transit time qT  This indicator re-

flects the travel time of the actual traffic flow 

Q .Combined with the road resistance function 

BPR [5]，function of the Federal Highway Admin-

istration of the United States, the functional rela-

tionship between average transit time and traffic 

load is obtained. 0t  represents the travel time of 

free traffic flow on the road, and highway repre-

sents the road parameter. According to the road 

condition, the typical value 0.15, 4 = = and 

S represents the ratio of the actual traffic volume 

to the design capacity of the intersection. The 

formula is as follows: 

0 1q

p

Q
T t

C




  
 =  +      

 

Average travel time nlT  at un signalized inter-

sections If there is no traffic light at the unsignal-

ized intersection, it is easy to cause traffic jams, 

form the phenomenon of vehicle queuing, and 

increase the delay time of entering vehicles. It is 

assumed that the arrival time of the intersection 

obeys the Poisson distribution, and the service 

time of the queued vehicles obeys the contrary 

exponential distribution.   represents the inten-

sity of service, which is the ratio of the average 

number of people arriving at the intersection to 

the average number of people driving out. inq ,

outq  represents the average traffic flow entering 

and leaving the crossing, respectively. sT and

 sVar t represent service time and service time 

variance respectively. Using the intersection 

queuing model M/M/1, the formula of the aver-

age unsignalized travel time can be obtained as 

follows:
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The average travel time at signalized intersec- tions is hlT . actQ represents the actual traffic 
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volume of imported vehicles. inC is the capacity 

of entry lanes. nt  represents the period length 

of the signal. gt  is the effective time of the green 

light. The formula is as follows:
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2.2 Road safety and convenience 

cont  is the number of vehicle conflicts at the in-

tersection of the community. Taking one hour as 

the definition, the safety of vehicles driving at the 

intersection is quantitatively analyzed. H

represents the time interval between the internal 

and external vehicles of the community. 1 2,q q are 

the traffic flow in the periphery of the community 

and the traffic flow on the road inside the com-

munity respectively. The formula is as follows:

( )( )1 2

1 23600
q H q H

cont q e q e
− −

=  

The average driving distance is avgL . allq cars 

enter the community from the O entrance and 

drive out from the D exit, and there are K paths 

to choose from. Suppose that the number of ve-

hicles on the route ( )1, 2, ,i i K= is iq  and the 

length of the line is il . We selected Wardrop 

equilibrium [6] distribution. In the equilibrium 

state, each used path has equal and minimum 

travel time, and the available path time is better 

than or equal to the minimum travel time. The 

formula is as follows: 

1

K
i

avg i

i all

q
L l

q=

=  

The determination of non-linear coefficient D . 

The non-linear coefficient D  of the two network 

nodes represents the ratio of the actual distance 

to the spatial distance of the two nodes. pqD  is 

the non-linear coefficient of two nodes; N  is the 

number of road network nodes. The calculation 

formula is: 

( )1 1

2
1

N N
pq

p q p

D
D

N N= = +

=
−

   

2.3 Road network structure 

Connectivity index J  Connectivity index is an 

index related to the number of nodes and total 

edges of the road network. it is used to measure 

the maturity of the road network. the higher the  

 

value, the more mature the road construction. 

rm represents the number of sides adjacent to 

the r th−  node. M is the total number of sides of 

the trunk road network. The calculation formula 

is as follows:

1 2

n

r

r

m
M

J
N N

=

 
 
 

= =


 

Connectivity reliability index  Connectivity reli-

ability index is to measure the change of road 

connectivity reliability in the process of road net-

work failure propagation, such as road conges-

tion. The removal of nodes will inevitably lead to 

the reduction of road network density and the 

maximum subnetting. Therefore, the reliability 

index is expressed by the change of the number 

of subnets and the number of subnet nodes. z  

represents the number of subnets formed after 

the node is removed,， bn  represents the number 

of nodes connected to the b th− subnet.， bd  

represents the average distance length of the  

b th−  subnet. The formula is as follows:
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The calculation of accessibility coefficient T  

The accessibility coefficient refers to the ratio of 

the length of the trunk road network within the 

region to the sum of the shortest path from the 

central length of the area to the shortest path 

around the trunk road. The smaller the value, the 

more unreasonable the road distribution. trn

represents the number of traffic zones. Since the 

reachability coefficient is only calculated for a 

certain residential area. rL   represents  the 

road length of the trunk line within the traffic area.

kd  represents the shortest path from the traf-

fic center to the trunk road in a certain direction. 

The formula is as follows: 
4
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ktr
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3. Community opening Model based on M-

AHP 

3.1 Establishment of M-AHP 

To eliminate the influence of the dimensions of 

each evaluation index, we normalize the indica-

tors with different positive and negative direc-

tions. For the positive index, the normalization 

formula is as follows:

 

min

max min

j j

j

j j

x x
x

x x

−
=

−
 

For the negative index, the normalization for-

mula is as follows:
max

max min

j j

j

j j

x x
x

x x

−
=

−
 

The three categories of factors involved in the 

road opening of the community are layered, and 

the weight set is defined. The first level judgment 

matrix P is constructed according to the litera-

ture [7]. Then, we solve the eigenvector w，that 

is, the weight of each factor. That is the weight 

of each factor. According to the square root 

method, this paper takes the solution to the first 

level  1 2 3, ,U u u u as an example.  

Step1: Calculates the product iM of each 

row of the judgment matrix P . 

Step2: The cubic root iW  of iM . 

Step3: Pair vector ( )1 2 3, ,iW W W W= . 

According to the data analysis, the normalized 

data is obtained to get the feature vector 

( )1 2 3, ,W W W W=  According to the above steps of 

calculating the weight, the indexes of the three 

kinds of factors are calculated respectively, and 

the weight sets of the second level are obtained 

as follows:

( ) ( )1,2,3, , 1,2,3i ij n
A a i j n= =  =  

The feature vector is the weight of each index, 

but whether the calculation is reasonable or not 

still needs a consistency test. Calculate the 

maximum eigenvalue of the judgment matrix

max . 

 

( )
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1
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i

i i
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=

=   

Then, according to the positivity and negativity 

of the index, the larger the value of the positive 

index, the better, and the smaller the index of the 

negative value, the better. Road design capacity, 

connectivity, and accessibility are positive indi-

cators. As a result, the equation is as follows:
10

1

i i

i

Y A X
=

=  

3.2 Road design for different types of resi- dential areas 
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3.2.1 Type 1: downtown district 

The main characteristics of the community in the 

city center are large traffic flow and frequent con-

gestion [8]. Therefore, it will attract large number 

of traffic, and the traffic around the community is 

enormous. According to China's "Code for Ur-

ban Road Traffic Planning and Design", we de-

sign specific parameters of the new district, 

which is shown in Table 1.

 
Table 1 Road parameters of the downtown district 

Parameters of the road in residen-

tial area 
Parameter value 

Parameters of road in residential 

area 

Parameter 

value 

Traffic light cycle of a trunk road 60/s Simulation time 600s 

Speed of trunk road 70km/h Length of the main road 750m 

Slip road speed 50km/h Branch length 400m 

Speed within the residential area 30km/h Average parking distance 2m 

Traffic flow 1500 vehicles Maximum Forward-looking distance 3m 

 

 
Fig. 1 Type 1 peripheral road structure of the residential area 

 

3.2.2 Type 2: community with traffic lights at 

the intersection 

Generally, traffic lights are not set up at the in-

tersection of the community, which will cause an 

increase in the number of vehicle conflicts at the 

intersection of the district. We appropriately 

change the standard parameters of the road to 

get the specific road parameters of this commu-

nity, as shown in Table 2.

 

Table 2 Road parameters of type 2 residential area 

Parameters of road in residential area Parameter value Parameters of road in residential area Parameter value 

Traffic light cycle at the intersection of 

the community 
40/s Traffic flow 1500 vehicles 

Traffic light cycle of trunk road 60/s Simulation time 600s 

Speed of trunk road 70km/h Length of main road 750m 

Slip road speed 50km/h Branch length 400m 

Speed within the residential area 30km/h Average parking distance 2m 

Forward-looking distance 3m   
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Fig. 2 Schematic diagram of road structure in type 2 residential area 

 

3.2.3 Type 3: T-junction structure 

We designed an increase in the number of inter-

sections in the community. The internal open-

ness of the T-junction structure is 50% more 

than that of the straight-line structure. The spe-

cific road parameters of this district are shown in 

Table 3. 

 

Table 3 Road parameters of type 3 residential area 

Parameters of road in 

residential area 
Parameter value 

Parameters of road in residential 

area 
Parameter value 

Traffic light cycle of 

trunk road 
60/s Simulation time 600s 

Speed of trunk road 70km/h Length of main road 750m 

Slip road speed 50km/h Branch length 700m 

Speed within the resi-

dential area 
30km/h Average parking distance 2m 

Traffic flow 1500 vehicles Maximum forward-looking distance 3m 

 

 
Fig.3 Schematic diagram of road structure in three types of residential areas 

 

3.2.4 Type 4: aggregative community 

There are various road structures around the 

community, and different road structures have 

different effects on the roads within the commu-

nity. such as the length of the road. The specific 

parameters are shown in Table 4. 

 
Table 4 Road parameters of type 3 residential areas 

Parameters of road in 

residential area 

Parame-

ter value 

Parameters of road in res-

idential area 
Parameter value 

Traffic light cycle of 

trunk road 
60/s Simulation time 600s 

Speed of trunk road 70km/h Length of main road 750m 

Slip road speed 50km/h Branch length 250m 

Speed within the resi-

dential area 
30km/h Average parking distance 2m 

Traffic flow 
1500 ve-

hicles 

Maximum Forward-look-

ing distance 
3m 
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Fig.4 Road structure of type four residential areas 

 

4. Results and result analysis 

4.3 Simulation-based on VISSIM 

The road conditions can be restored by using 

VISSIM traffic simulation software. It is intuitively 

observed that the traffic in the simulated com- 

munity has been improved. Then, traffic flow 

peak period is selected to simulate the traffic 

conditions of the main road around the commu-

nity, as shown in Fig.5

. 

    
（a）Before opening                      （b）After opening 

Fig.5 VISSIM diagram after the community is opened 

 

The typical impact of the opening of the commu-

nity on the road is the congestion at the intersec-

tion. As can be seen from the above picture, the 

vehicle density at the intersection of the main 

road section has decreased during the peak 

period, indicating that the open road has effec-

tively alleviated the congestion of vehicles wait-

ing in line. The simulation results also verify the 

change of scores. The four types are simulated, 

and the results are shown in Fig.6.

 

 

Fig.6 Vehicle congestion and congestion time in various types of residential areas 
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As can be seen from Fig.6, the increase in traffic 

flow will have a serious impact on road capacity. 

The congested vehicles at the intersection di-

rectly reflect the operation of the road network. 

Setting signal lights at the intersection of the dis-

trict can effectively reduce the number and time 

of irregular vehicle conflicts, and can also im-

prove traffic safety. Therefore, the traffic opera-

tion of the intersection around the district is im-

proved, which can effectively reduce the con-

gestion of the main road, so the road capacity is 

improved. 

5. Conclusion 

In this paper, different types of residential areas 

are designed, and a VISSIM simulation evalua-

tion model based on M-AHP is established to 

compare the impact on road traffic before and 

after the opening of different types of residential 

areas. According to the analysis, changing the 

traffic rules at the intersection of the community 

has the greatest improvement in traffic capacity, 

reaching 89%. The influence of increasing the 

internal road of the community is similar to that 

of changing the external road structure of the 

residential area. This model can not only be 

used to study the impact of community opening 

on the surrounding roads but also can be used 

in urban planning to help relevant departments 

better calculate traffic data and take correspond-

ing traffic improvement measures. 
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