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ABSTARCT 
As a supporting crash data research of National Road Safety Action Plan in China, with a project 
objective to build up a systematic mountain road safety enhancement technology, this study 
analyses severe traffic crashes from 2006 to 2010 occurred on an inter-regional mountain arterial 
road network in south China. In order to digest these crash data collected from local traffic police 
stations, the authors conduct the in-depth crash analysis from the aspect of human, vehicle, road, 
and management. By developing the definition sets for crash deterministic causing factors 
judging system, the deterministic causes of severe accidents on mountain roads in China are 
deeply investigated. 

Results of our analysis indicate that human factor does weigh the most in the occurrence of the 
severe crashes; main crash types on mountain roads are running-off road, headon collision, 
overturned; Almost 76% severe crashes occurred on slope/curve combination sites; and freight 
car shall be given more attentions in reducing the severe accidents. 
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1 INTRODUCTION 
Mountain road safety is one of the important road safety research topics. In China, several 
research targeting mountain roads safety are initiated in the field of traffic audits, road safety 
enhancement technology and etc. A few of these researches are oriented by actual traffic 
accidents but still with limits on the data scope and analysis depth. (2005, GAO; 2009, WANG; 
2009, ZHONG) In 2009, National Road Safety Action Plan Phase I is launched with the vision 
that annual number of severe accident per 10,000 vehicle kilometer travelled shall decrease by 
50% on the specified demonstration mountain road network. Therefore, a better understanding of 
severe traffic crashes on the demonstration road network will provide more sounded and 
meaningful supports for the implementation of the vision.  

In order to investigate severe traffic crashes, despite using common statistical data from 
national crash yearbook (2010, The Ministry of Public Security), the researchers conducted this 
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in-depth crash analysis via a 5-year, from 2006-2010, police traffic crash record on demonstration 
road network. 

The occurrence of one traffic accident is not an independent event, it is a combined event 
determined by many factors, such as human, vehicle, road, and management. Yet it is necessary 
to know which factor plays the deterministic role in one severe crash so that countermeasures and 
future research to the demonstration road network are more reliable and targeting. 

2 DATA 
The main data used in this research is the severe traffic crash data collected from police record of 
the specified inter-regional arterial road network in southern China from 2006-2010. There are 
four provinces share the demonstrated inter-regional road network, they are: Yunnan, Guizhou, 
Sichuan, and Chongqing. Crash data collected in Sichuan province are from all roads, but not 
only from demonstration inter-regional roads. This might cause inconsistency to the overall in-
depth analysis. Therefore, the researchers disregard Sichuan crash data. 

Besides general crash information such as crash time, type, or place, in-depth crash analysis 
requires more comprehensive and detailed crash information. The researchers therefore collected 
first-hand crash data by taking pictures of the crash record documents through visiting every local 
traffic police station in the demonstration road network. The collected crash documents contain 
crash information: crash field investigation record, traffic accident scene diagram, crash pictures, 
police interrogation record, vehicle inspection report, human injuries report, identification papers 
of traffic accidents. 

Based on the crash data provided by the local traffic police stations, severe crash in this study 
is defined as: three or more fatalities per crash. From 2006-2010, in total, 47 severe crashes 
occurred in the designated demonstration road network from the three provinces.  

Table 1 shows crash type information of these 47 crashes. It is obvious to see that nearly half 
of the severe crashes are running-off road, headon collision and overturned crashes also took a 
great portion.  
 

Table 1  Crash Type of Severe Crashes on the Demonstration Road Network 

Crash Type Percentage 
Running-off Road 46.81% 
Headon Collision 21.28% 

Overturned 19.15% 
Fixed-objects 6.38% 

Pedestrian 2.13% 
Side-swiped 4.26% 
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3 METHODOLOGY 
The researchers analyze the deterministic causing factors of one crash, and then conduct an in-
depth crash analysis by investigating each severe crash from the aspects of human, vehicle, road 
and management. 

The researchers invent a crash deterministic causing factors judging system to analyze each 
severe crash.  A certain set of definitions on human-related, vehicle-related, road-related, and 
management-related factors in traffic crash are developed. As shown in Table 2, each definition 
set has several sub-sets.  Upon this definition sets, it is possible for the researchers to develop the 
crash deterministic causing factors judging system. The judging system claims that the 
occurrence of a traffic crash can be concluded to seven categories: human-oriented, vehicle-
oriented, road-oriented, human/vehicle-oriented, human/road oriented, vehicle-road-oriented, and 
human/road/vehicle-oriented. Since management factor in this study is considered as the 
auxiliary factor to human, vehicle, or road factor, there is no specific category for management.  
All the 47 severe crashes are analyzed based on this judging system to know the deterministic 
factors. 

Table 2  Definition Sets for Crash Deterministic Causing Factors Judging System 

Definition 
Sets Sub-sets Contents 

Human-
related Set 

Traffic violation Speeding, overloading, drunk drive, etc 
Improper driving 

behavior Improper braking, improper steering. etc 

Vehicle-
related Set 

Vehicle not in accordance 
with standards Illegal vehicle refit, scrap-car, etc 

Vehicle failure Braking failure, tire burst, steering failure etc 

Road-
related Set 

Road not in accordance 
with designing standards 

Sharp curve, steep slope, insufficient super-
elevation, etc 

Road damage Falling stone, collapse etc 

Managemen
t-related Set 

Human Unlicensed driving, etc 

Vehicle No plate vehicle, un-GPS passenger vehicle, 
etc 

Road Not timely road maintenance, safety 
infrastructures missing, road obstacles, etc 

 
Human, vehicle, road and management factors in each severe crash are extracted to form an 

in-depth analysis of severe crash. The definition sets also work for in-depth analysis.  From 
human aspect, the characteristic on type of traffic participant violation is analyzed. From vehicle 
aspect, vehicle type, and vehicle status are analyzed. From road aspect, crash site alignment and 
cross analysis on crash type with road alignments. There is no specific analysis towards from the 
management aspect. 

 

http://dict.cn/scrap-car
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4 RESULTS 
Crash Deterministic Causing Factors Analysis 
47 severe crashes were analyzed to investigate their deterministic causing factors. The results in 
Table 3 demonstrate that 100% severe crash occurred on the demonstration road network are 
human-related. 

Table 3  Results on Crash Deterministic Causing Factors of 47 Severe Crashes 

Crash Causing Category Percentage 
Human-oriented 61.70% 

Vehicle-oriented 0.00% 
Road-oriented 0.00% 

Human/vehicle-oriented 14.89% 

Human/road-oriented 17.02% 

vehicle/road-oriented 0.00% 
Human/road/vehicle-oriented 6.38% 

 
In-depth analysis summary of 47 severe crashes 

Since in-depth crash analysis is conducted to every severe crash, a summary statement on 
these 47 severe crashes from human, vehicle, road, and management aspect are performed in this 
study. 
(1)Human aspect 
Table 4 shows the traffic violation characteristics of the 47 severe crashes. It can be concluded 
from the table that speeding is the main type of traffic violation, and overloading and overrun 
also takes a large portion. 

Table 4  Results on Traffic Violation  

 
Traffic Violation Percentage 

Speeding 38.89% 
Overloading and 

overrun 25.00% 

Forcing Lane 8.33% 
Illegal Vehicle 

Meeting 5.56% 

Unlicensed Driving 5.56% 
Fatigue Driving 5.56% 

Drunk Drive 2.78% 
Illegal yield 2.78% 
Overtaking 2.78% 

Illegal Loading 2.78% 
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(2)Vehicle aspect 
Main vehicle types and their proportion of severe crashes are: 36.17% for passenger car, 31.91% 
for truck, 12.77% for Mid-size coach, 10.64% for motorcycle, and 8.51% for Full-size coach. 
Table 5 also lists the traffic composition of the demonstration road network. Truck and mid-size 
coach took smaller portion in the traffic composition, yet they took a large proportion in the 
severe crashes.   

Table 5  Results on Vehicle-related Severe Crashes 

Vehicle Type Percentage Traffic 
Composition 

Passenger Car 36.17% 36.5% 
Truck 31.91% 22.2% 

Mid-size 
coach 12.77% 0.5% 

Full-size 
coach 8.51% 8% 

Motorcycle 10.64% 32.8% 
 

As shown previously in Table 3, almost 20% of all 47 severe crashes have vehicle problems. 
In these vehicle-related severe crashes, over half of them occurred together with the mechanical 
failure. Table 6 lists the results for vehicle-related crash. 

Table 6  Results on Vehicle-related Severe Crashes 

Vehicle-related factors Portion in Vehicle-related Crash (%) 

Mechanical failure 55.6% 
Steering failure 22.2% 

Poor braking 11.1% 
Braking failure 11.1% 

 
(3)Road aspect 
From the perspective of road alignments, almost 76% severe crashes occurred on slope/curve 
combination sites. As shown in Table 7, sharp curve and steep slope road section processes the 
highest fatality rate of severe crash. 

Table 7  Crash indices for Different Road Alignments 
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Road Alignment 
Number 

of 
Crash 

Fatalities Injuries Fatality 
Rate Percentage 

Straight 9 28 44 38.9% 19.1% 
General Slope 4 16 40 28.6% 8.5% 
General Curve 8 33 37 47.1% 17.0% 
Sharp Curve 4 14 46 23.3% 8.5% 

General Curve and slope 5 20 13 60.6% 10.6% 
Sharp curve and steep slope 12 67 35 65.7% 25.5% 

General slope and sharp curve  3 11 6 64.7% 6.4% 
Others 2 13 0 100.0% 4.3% 

 
Since the top three crash types are running-off road, headon collision, overturned. To know 

the relationship between main crash type and road factors, a cross analysis is performed between 
these crash types and road alignment. Results are listed in Table 8. It is perceived that most of the 
overturned crash occurred on general slope and sharp curve section, and sharp curve and steep 
slope.   

Table 8  Cross Analysis between Crash Type and Road Alignment 

 

General 
Slope 
and 

Sharp 
Curve 

General 
Curve 

Sharp 
Curve 

General 
Curve 

and 
Slope 

Straight 
Steep Slope 
and Sharp 

Curve 

Steep 
Slope 

General 
Slope 

Overturned 22.2% 11.1% 11.1% 11.1% 11.1% 22.2% 0.0% 11.1% 
Running-off  

Road 4.5% 13.6% 9.1% 18.2% 9.1% 27.3% 4.5% 9.1% 

Headon 
Collision 0.0% 31.0% 0.0% 0.0% 41.4% 20.7% 0.0% 10.3% 

 
 

(4)Management aspect 
In the 47 severe crashes sample, only five crashes are related to the management factors, and they 
are all human or vehicle related. In these five crashes, four of them are unlicensed driving and 
one is no-plate vehicle.  

5 CONCLUSIONS 
With the conclusions made from this paper for the severe traffic crashes on mountain road in 
China, it is obvious to see that those detailed severe crash information did speak some safety 
facts. Through the above sets of analysis to the severe crashes, it can be concluded that: 

(1)Severe crashes are all human-factor related, human factor does weigh a lot in the 
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occurrence of the severe crashes; 
(2)Crash type of severe crashes is mainly running-off road, headon collision, overturned 

crash; they took 46.81%, 21.28% and 19.15% respectively of the total severe crashes; 
(3)Almost 76% severe crashes occurred on slope/curve combination sites; 
(4)Main vehicle types and their proportion of severe crashes are: 36.17% for passenger car, 

31.91% for truck. Truck and mid-size coach took smaller portion in the traffic composition, yet 
they took a large proportion in the severe crash vehicle types.   

With these safety facts, the authors also raise some targeting future work recommendations: 
(1)More research work shall be done from the perspective of human to avoid severe crash, 

alternate passive safety to active safety;  
(2)More attentions should be given on slope/curve combination sites when safety 

enhancement engineering treatments are considered; 
(3)Administrative supervision on truck and mid-size coach is important to avoid severe 

crashes. 
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