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ABSTRACT 

This paper presents a district-level study on assessment of existing facilities on basis of which 

road safety infrastructure planning is established. Considering location, history, population, 

landscape, land use, social and economy development, and especially existing road network of 

Minhang district in Shanghai, this assessment study was carried out with sample road sections 

and intersections. The indicators included completion rate of traffic markings and signs, 

instalment rationality of traffic signs and traffic signals, pedestrian crossing facilities, traffic 

control of pedestrian crosswalk and intersections, channelization at intersections and 

separations. Other elements such as guardrails, sight-guiding facilities and anti-glare 

equipment were also considered. Road safety level was decided on the general score obtained 

from two scoring systems. One was a two-stage evaluation model of safety infrastructure, and 

the other put each indicator in two perspectives, completeness and rationality. When the final 

score of situation came out to be 73.96 and 67.55 respectively, which could only be 

categorized to medium level, black spots and weak points of road safety infrastructure were 

excavated and specific countermeasures were discussed for diversified road sections and 

intersections so as to prevent crashes and improve local road safety. 

INTRODUCTION 

For recent decades, in circumstances of rapid development of economy, society and 

construction, transportation in China has become a popular issue when this ancient country 

stepped into a phase which confronts increasingly more crashes, especially crashes of high 

severity. Besides good network planning and structure design, complete sets of road safety 

infrastructure play an important role in reducing quantity and severity of crashes. It was 

necessary to look into the number, position and pattern of existing road safety infrastructures 

and their coordination with other components of road transportation system before renovation 

planning. 

Minhang district is located in the southwest downtown area of Shanghai. This 371.68km2 

district was officially founded in 1992 and gradually became a developing part of city which 

embodied suburban, urban and rural functions. When this research was carried out Minhang 

had 830 thousand registered residents but the population was predicted to reach 2 million till 

2020 according regional population report. There were 148 urban roads in Minhang, with the 

total length of 1430.64km. In the checkerboard-like road network, basic function of road 

network structure was clear: expressways and through roads established the framework, and 

distributor roads lead access roads to make multi-connections.  
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Figure 1.  General Planning of Minhang district in Shanghai 

(Source: Shanghai Urban Planning and Design Research Institute) 

The 100km2 planning area consisted two square parts, the upper part was surrounded by 

Huqingping Hwy. (N), Middel Ring Rd. (E), Huhang Railway (W), Duanxing Rd. (S) in four 

directions, and the lower one was surrounded by Jianchuan Rd. (N), Hongmei South Rd. (E), 

Kunyang Rd. (W), Huangpu River(S) in four directions.  

This main principles of this infrastructure assessment were being scientific, objective, reliable 

and practical. The objectives for this assessment and following road safety infrastructure 

planning were to provide scientific assessment method(s) for road safety infrastructure scoring 

system; to realize crash reduction by eliminating those crashes resulted from absence, poor 

quality or lack of integrity of road safety infrastructures; to improve road safety within the 

planning area through making better and more systematic design for safety facilities; to 

proposing operative local policy to improve road safety management, with the ultimate goal of 

promoting sustainable development. 

As to the general status of existing road safety infrastructure, according to documents 

provided by Shanghai traffic & transportation police department, there were 6040 traffic signs 

in this district, consisting of 468 guiding signs, 1006 warning signs, 1280 forbidding signs, 

2161 directional signs and 1125 auxiliary signs. In the planning area, traffic markings had fair 

completion but wear out due to lack of fair maintenance; for road sections with relatively high 

traffic volume separation were marked or installed, for road intersections with relatively high 

traffic volume signal control facilities were installed with appropriate signal phase, intersection 

channelization rate was 75% while sight-guiding and anti-glare facilities were not adequately 

equipped. 
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METHOD 

Sample investigation 

On account of workload limit, samples were selected and investigated upon 85% confidence to 

represent general characteristics value. In this case, it would be reasonable to spread the 

infrastructure sample planning to the general planning. The road section sample consisted all 

though roads and part of distributor/access roads, while the intersection sample consisted all 

though-road-involved intersections and part of distributor-distributor, distributor-access, 

access-access roads.  

Table 1. Design Standards for Urban Roads of China  

   Design Speed˄km/h˅  Lanes  
Red Line  

Width Boundary˄m˅ 

Express Roads 60—80 6—8 60—100 

Through Roads 50—60 6—8 40—60 

Distributor Roads 40—50 4—6 32—60 

Access Roads 20—30 4˄mixed˅ 20—30 

Table 2. Road Section Sample 

Through Roads  Distributor Roads  Access Roads  

Huqingping Hwy, Jianchuan Rd.; 

Caobao Rd.;Qixing Rd.; Yindu Rd. 

Hongmei Rd.; Hongmei South Rd.; 

Xinsong Rd.; Dongchuan Rd.; 

Humin Rd.; Dushi Rd.; 

Lianhua South Rd. 

Jinping Rd.; 

Chunzhong Rd.; 

Shennan Rd.; 

Table 3. Corresponding Intersection Design  

 Express Roads Through Roads Distributor Roads Access Roads 

Express Roads A B A，B - 

Through Roads - A，B B，C B，D 

Distributor Roads - - C，D C，D 

Access Roads - - - D，E 

A——Grade Separation  

B——Widened Signalized Intersection  

C——Roundabouts  

D——Signalized Intersection  

E——Unsignalized Intersection  

Table 4. Intersection Sample 

 N total N investigated 

Through Roads involved 84 84 

Distributor -Distributor 45 20 

Distributor-Access 235 45 

Access-Access 338 40 
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Sample verification 

It would be necessary to statistically prove that sample characteristics could represent general 

characteristics. In this part, sample verification process of Distributor-Access intersections is 

taken as an example to demonstrate. 

There were in total 235 Distributor-Access intersections in the planning area, a sample of 45 

was obtained with method of sampling without replacement. In the verification, completeness 

of guiding signs was chosen as the basic indicator. If it is sound, it scores 1, while unsound 

scores 0. As a result, 32 in the sample were sound intersections. Since score result obeys 0-1 

distribution B (1, p), large sample method is applied to the calculation as follows: 

32 / 45 0.71x = ≈  
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When α=0.15， 0.71x = , it is obtained that n=42.7 and be generated to be 43. That is to say, 

at the confidence level of 85% characteristics of a sample of 43 Distributor-Access 

intersections could represent general characteristics. Other samples of this research were 

verified in the same way. 

Indicators and their meanings 

For this road safety infrastructure evaluation, the following 8 indicators are chosen: 

Table 5. Indicators and their meanings 

Sign Instalment 
The proportion of installed guiding signs at intersections 

to the number of signs that are necessarily installed. 

Sign Rationality 

The clarity, necessity, integrity and legibility of 

information, whether it is coherent with road condition 

and environment. 

Marking Instalment 
The proportion of paved road sections wider than 6m with 

markings in total miles. Sidewalk is not included 

Separation Facilities 
The mile percentage of through roads with separation 

facilities (central separation and separation between 
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motorize and non-motorized lanes) in through roads of 

design speed over 50km/ h and more than 4 lanes 

Safety Infrastructure for 

Pedestrians 

The average distance between safety infrastructure for 

pedestrian (eg. crosswalks, pedestrian overpasses and 

underpasses). 

Signal Control at Pedestrian 

Crossings 

The ratio of signal controlled pedestrian crosswalks to the 

number of pedestrian crosswalks that ought to be 

signalized 

Channelization at Intersections 
The proportion of channelized intersections in 

intersections where roads wider than 6m are involved. 

Signal Control Intersections 
The ratio of signal controlled intersections to the number 

of intersections that need to be signalized 

 

Specifically, the second indicator, the rationality of traffic sign installment was generated from 

site score, which was obtained through adding results from five sub-indicators together then 

multiplied by 4. For each sub-indicator, there are five levels: highly qualified, very good, good, 

ok, unqualified, respectively. 5, 4, 3, 2, 0. 

These sub-indicators are: necessity and accordance with national and regional norms;  

position (eg. reasonable angle and height) and quality; overall layout and legibility; 

effectiveness of information and coherence; coordination with traffic flow, signal control and 

intersection channelization.  

Table 6. Indicators and their weight (AHP method) 

Indicators Weight 

Sign Instalment 0.1938 

Sign Rationality 0.3052 

Marking Instalment 0.1938 

Separation Facilities 0.1192 

Safety Infrastructure for Pedestrians 0.0336 

Signal Control at Pedestrian Crossings 0.0494 

Channelization at Intersections 0.0636 

Signal Control Intersections 0.0414 

Table 7. Indicators and their score-value system 

Value  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  
Sign Instalment  

Score  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  

Value  [90,100] [80,90)  [70,80)  [60,70)  [0,75)  
Sign Rationality  

Score  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  

Value  [90,100] [85,90)  [80,85)  [75,80)  [0,75)  Marking 

Instalment  Score  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  

Value  [90,100) [80,90)  [50,80)  [20,50)  [0,20)  
Separation  

Score  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  
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Value  <300  [300,350) [350,400) [400,450)  >450  Safety 

Infrastructure for 

Pedestrians  
Score  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  

Value  [40,100) [30,40)  [20,30)  [10,20)  [0,10)  Signal Control at 

Pedestrian 

Crossings  
Score  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  

Value  [90,100] [85,90)  [80,85)  [75,80)  [0,75)  Channelization at 

Intersections  Score  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  

Value  [75,100] [65,75)  [55,65)  [45,55)  [0,45)  Signal Control 

Intersections  Score  [90,100) [80,90)  [70,80)  [60,70)  [0,60)  

Method I 

Two methods were established to measure the road safety infrastructure planning. For the 

more complicated one, general score was obtained from two-stage evaluation model of safety 

infrastructure:  

Let factor set be U={u1,u2,u3}, in which factor set for traffic signs and markings is 

u1={u11,u12,u13,u14}；factor set for signal control is u2={u21,u22} and factor set for other road 

safety infrastructure is u3={u31,u32}. 

Let evaluation set be V={v1,v2,v3}, in which v1 means highly qualified, v2means qualified, v3 

means not qualified. Therefore, 

11 12 13

21 22 23

1 2 3n n n

r r r

r r r
R

M M M

r r r
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  

 

is obtained as fuzzy judge matrix from U to V, whose element shows the evaluation of factor 

set’s membership degree to evaluation set. 

Table 8. Indicators, scores and weights 

Indicators Sub-indicators Score Weight 

Marking completion 65.6 0.1938 

Sign installment 67.62 0.1938 

Sign Rationality 67.86 0.3052 
Traffic signs and 

markings 
Channelization at 

Intersections 
76.67 0.0636 

0.7564 

Signal Control at 

Pedestrian Crossings 
76.09 0.0494 

Signal control 
Signal Control 

Intersections 
92.42 0.0414 

0.0908 

Safety Infrastructure for 

Pedestrians 
98.65 0.0336 Other road safety 

infrastructure 
Separation Facilities 98 0.1192 

0.1528 
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The indicator traffic signs and markings was taken as an example to show how the evaluation 

model work.  

0 0.28 0.72

0 0.38 0.62

0 0.39 0.61

0 0.83 0.17
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For membership functions, if Vj and Vj +1 are adjacent grading standards, and Vj> Vj +1, the 

membership function for Vj is: 
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the membership function for Vj is: 
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The weight set ( )1 2, , , nA a a a= L , in which ai is the weight of the i-th factor, therefore, 

1

1
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i

i

a
=

=∑ . 

A=[0.1938  0.1938  0.3052  0.0636] 

With weighted average method, 
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L  

Therefore, 

[ ] [ ]

0 0.28 0.72

0 0.38 0.62
0.1938 0.1938 0.3052 0.0636 0 0.2997 0.4567
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0 0.83 0.17

B A R
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Let b*=b1+ b2+ b3=0+0.2997+0.4567=0.7564, 

After normalization, the result for indicator traffic signs and markings could be obtained: 

B*1=[0  0.3962  0.6038] 

With the same method, for signal control, 

B*2=[0.283  0.609  0.108] 

For other road safety infrastructure, 

B*3=[0.9071  0.0929  0] 
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For the second-stage evaluation, 
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Making assignment V=[100,80,60], 

Since A=[0.7564  0.0908  0.1528], the fuzzy matrix for evaluated unit is the following: 

* * *

1 2 3

T

R B B B =    

Therefore, 

[ ] [ ]
0 0.3962 0.6038

0.7564 0.0908 0.1528 0.283 0.609 0.108 0.1643 0.3692 0.4665

0.9071 0.0929 0
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Then the final score for this method is obtained: 

[ ]
0.1643

100 80 60 0.3692 73.96

0.4665
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Method II 

For the less complicated method, score is derived from two aspects - installment rate and its 

rationality (fit ability) - for each kind of road safety infrastructure that is considered in this 

research. Table 9 shows the calculation process. 

Table 9. Calculation table 

Safety 

Infrastructure 

Indicators and 

sub-indicators  
Value  Score  Weight  

Instalment rate  67.62%  67.62  0.1938  
Signs  

rationality  74.29  74.29  
60.87 

0.3052  
0.499  

Markings   77.8%  65.60  0.1938  

Instalment rate  98%  Separations 

Facilities  Rationality  80%  
78.40  0.1192  

Instalment 258.24m  Safety 

infrastructure Rationality  80%  
78.92  0.0336  

Pedestrians  
Signalized pedestrian 

crossing  
26.09%  76.09  

77.24 

0.0494  

0.083  

Channelization  83.33%  76.67  0.0636  At 

Intersections  Signal control rate  81.05%  92.42  
82.88 

0.0414  
0.105  

 

The final score with this method came out to be 67.55 and did not even reach the medium 

level. Results were not optimistic. Therefore, in the next step measures that aimed at 

improvement were to be carried out.  
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DISCUSSION 

Though two ways were taken in this study to lessen the influence of subjective factor, and 

multi-factor effects took their account in the process of reaching the score, the methodology 

has a spatial room for improvement. 
It is clear that the result is based on a relatively small sample of road sections and intersections 

in one particular district. The choice of indicators and method transferability need to be 

discussed for other applications. 

An obvious deficiency of this study is that human factor was experimentally considered. If 

possible, it would be better to carry out further study on interaction between road users 

especially drivers and infrastructure and integrate this aspect into road safety infrastructure 

evaluation and planning in future cases. 

A further restriction lies in the fact that big changes (both in traffic volume and road function) 

took place in Minhang district during EXPO 2010 site construction and regional re-planning 

after that, therefore, the before-after evaluation of this road safety infrastructure planning 

could not be carried out. 
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