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ABSTRACT 
Traffic crashes occurring on long steep downgrades of highway is very frequent and severe in 
China. Crashes aggregate on some special places where black spots are formed in this kind of 
highway sections. Causes of traffic crashes black spots on long steep downgrade need to be 
analyzed in order to improve the traffic safety performance in those places. Based on the 
investigation of traffic crashes data of 5 years period occurring on a typical expressway in 
South China with long steep downgrades, the expressway infrastructure traffic safety 
performance was analyzed before and after the traffic safety countermeasures applied by 
crash aggregation analysis method. And based on a brake temperature transformation model 
of trucks, causes of traffic crashes black spots on the long steep downgrade of that 
expressway were analyzed. Overload was given as a main cause of those traffic crashes black 
spots. The findings were helpful to understanding the cause of the crashes deeply and defined 
the most useful traffic safety countermeasures on that kind of black spots. 

1 INTRODUCTION 
Traffic crashes occurring on long steep downgrades of highway is one of the most frequent 
and severe types of traffic crashes in China. Official statistic shows death rate of traffic 
crashes on sections of long and/or steep downgrade was about second to third more than flat 
sections (TMB of MoPS, 2006). Highway traffic safety is impacted not only the traffic safety 
performance of highway infrastructure but also that of vehicles, human, environments and 
others potential factors. The cause of traffic crashes occurring and aggregating on highway 
long steep downgrades was considered from the aspects of highway design, vehicle function, 
overload and improper operations of drivers (ZHANG, 2006 and ZHANG, 2005). Obviously, 
there are various direct causes for a special crash. But it was still not answered which cause is 
the most important to crashes black spots on highway long steep downgrades in China. 

The highway infrastructure traffic safety performance is difficult to be evaluated by 
applying traditional traffic crashes indicators. The traffic crashes number or rate in a special 
period of time can give a general traffic safety level of a highway but cannot ascertain 
whether the change of the number or rate attributes to the change of the highway 
infrastructure traffic safety performance. And statistic analysis of the crashes cause usually 
cannot reflect infrastructure condition factually because traffic crashes causes are commonly 
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tended to be identified with human, vehicle or environment factors by police unless every 
crashes were deeply investigated and analyzed. So a crash aggregation indicator (CAI) 
evaluation method was applied in order to identify traffic safety performance of highway 
infrastructure macroscopically. The method is based on the spacial distribution of traffic 
crashes (JIAO, 2011). 

And the traffic crashes records show almost all forms of the crashes are rear-end collisions 
and the main cause of the crashes are the failure of truck braking system (GAO, 2008). 
Continually applying to brake on a downgrade section will cause the heat fade of the braking 
system of vehicles, especially that of trucks. And when the brake temperature is increased 
above 260℃, the efficiency of braking system will be reduced (PIARC, 2003). So truck brake 
system failure seemed to be an important factor forming black spots on downgrade sections. 
A tool to evaluate truck brake temperature on the downgrade sections was applied to analyze 
vehicle and highway infrastructure factors impacting traffic safety, according to the principle 
of total energy of a vehicle arriving at the top of a downhill grade is equal to the sum of its 
kinetic and potential energy (PIARC, 2003). 

Based on these two methods, a typical expressway with long steep downgrades was 
selected to analyze the causes of traffic crashes and black spots on it, in order to identifying 
the main causes on this type of highway sections in China. 

2 FACTS OF G4 EXPRESSWAY AND TRAFFIC CRASHES OCCURRING 
ON IT 

2.1 Infrastructure condition of G4 Expressway 
The G4 National Expressway is an important and busyness highway corridor from North 
China to South China. The section being discussed was about 109 km long in South China. 
There are many sharp turns, long steep downgrade sections, grand bridges and long tunnels in 
the section when it goes through the natural calamitous mountain area of South China, which 
caused the high risk of traffic crash, macroscopically. 

Table 1. Design guide line of the mountain terrain section of the G4 expressway (JIAO, 2009) 

Design Guide Lines Unit Value 
Design Speed km/h 80 
Subgrade Width   

Entirety m 23.0 
Separate m 2×11.75 

Least Radius of Horizontal Curve m 500 
Maximal Longitudinal Gradient % 5 
Least Radius of Vertical Curve   

Protruding m 8000 
Concave m 8000 

 
The section is a bidirectional expressway with four lanes. The design guide lines of the 

section were shown as Table 1. The section was open to traffic in April, 2003. And two phase 
traffic safety improvements were implemented in 2004 and 2005 because of severity situation 
of traffic crashes. There is a 13km long downgrade section with 2.9% average gradient 
(Called LSD 1) and a 25.54km long downgrade section with 2.6% average gradient (Called 
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LSD 2), which are the typical long steep downgrade and one of the most dangerous highway 
sections in China. 

2.2 Traffic crashes occurring on the section 
More than 2200 traffic crashes have occurred during the period from April, 2003 to December, 
2007 in the section. And there are 557 severe traffic crashes with at least one death and/or 
three grievous bodily harms. And on the two long steep downgrade sections, 212 severe 
downgrade traffic crashes occurred during the 5 years period, on which the 38% severe 
crashes occurring on the 11% mileage section (two directions). Therein to, in LSD 1 
(K39+180~K52+180, from north to south), 155 severe downgrade traffic crashes occurred 
and in LSD 2 (K39+180~K13+640, from south to north) 55 severe downgrade traffic crashes 
occurred. 

Safety improvement measures in aspect of infrastructure had been implemented on the 
expressway section for the severe traffic safety situations on it. A two phases traffic safety 
improvement projects were implement in 2004 and 2005. The amount of traffic crashes and 
fatalities were reduced obviously in the second half of 2005. But the two section of long steep 
downgrade are still black spots section of traffic crash on the basis of crash data in the period 
from 2006 to 2007 (See Figure. 1 and Figure. 2). 
 

 

Figure 1. Traffic crashes distribution (2003-2004) 

 

 

Figure 2. Traffic crashes distribution (2005-2007) 

Long steep downgrade sections 

Long steep downgrade sections 
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3 ANALYSIS ON HIGHWAY INFRASTRUCTURE FACTORS BASED ON 
CAI METHOD 

According to the CAI method (JIAO, 2011), CAI is defined as 

1 S

C

NCAI
N

= −  

Where:  
SN -- the number of positions where the traffic crashes occurring in the spatial range 

whose length was less than evaluation section length (denoted with L). 
CN --  the number of traffic crashes occurring on a highway in a period of time. 

And CAI will increase when the crash aggregation increase along a highway, which means 
NS became smaller than NC, and reflect the increase of deficiency number and the declination 
of its traffic safety performance. On the contrary, if there was no deficiency in a highway, NS 
will tend to equal NC, which will cause the CAI closes to or equal 0. 

By applying the CAI method, the infrastructure safety performance of G4 Expressway and 
its progress was analyzed based on data of severe traffic crashes with at least one death and/or 
three grievous bodily harms occurring on it from 2003 to 2007 (see Table 2). 

Table 2. Traffic Crashs and CAI Calculation of G4 Expressway section 

Year NC NS
1 NS

2 NS
3 CAI1 CAI2 CAI3 

2003 168 68 46 33 0.60 0.73 0.80 
2004 173 58 43 32 0.66 0.75 0.82 
2005 95 46 38 28 0.52 0.60 0.71 
2006 60 45 36 30 0.25 0.40 0.50 
2007 60 42 30 26 0.30 0.50 0.57 

 
CAI indicators have always declined from 2003 to 2006 and rapid decreased between the year 
of 2005 and 2006, which means traffic safety countermeasure in aspect of infrastructure 
succeeded in this expressway. Furthermore, the infrastructure safety performance of G4 
Expressway long steep downgrades sections and their progress was analyzed as well (see 
Table 3). 

Table 3. Traffic Crashes and CAI Calculation of G4 Expressway long steep downgrades 
sections 

Year NC NS
1 NS

2 NS
3 CAI1 CAI2 CAI3 

2003 111 33 20 15 0.70 0.82 0.86 
2004 109 23 16 13 0.79 0.85 0.88 
2005 58 23 17 15 0.60 0.71 0.74 
2006 29 16 12 10 0.45 0.59 0.66 
2007 30 16 14 11 0.47 0.53 0.63 
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By comparing CAI indicators between Table 2 and Table 3, effects of traffic safety 
countermeasure in the aspect of infrastructure are also found after 2005. But the indicators are 
still higher and the decreasing extent of them is lower in Table 3 than that in Table 2 after 
improvement. That means the effect of this kind of countermeasure is not less effective in 
long steep downgrades than that in the whole expressway section. And the long steep 
downgrades are still black spots relatively. 

4 ANALYSIS ON VEHICLE FACTORS BASED ON TRUCK BRAKE 
TEPERATURE EVALUATION 

The transformation of truck brake temperature was evaluated by using the PIARC tool (See 
Figure. 3 - Figure. 6). Three types of truck were evaluated combining with 9 types of loads 
(See Table 2). 

Table 2. Combination of truck types and loads 

Serial number Types of vehicle Load (t) Rate of overload (%) 
2-20 
2-30 
2-40 

Truck with 2 axles 
Truck with 2 axles 
Truck with 2 axles 

20 
30 
40 

0 
50 

100 
3-30 
3-45 
3-60 

Truck with 3 axles 
Truck with 3 axles 
Truck with 3 axles 

30 
45 
60 

0 
50 

100 
5-50 
5-65 
5-75 

Truck with 5 axles 
Truck with 5 axles 
Truck with 5 axles 

50 
65 
75 

0 
30 
50 

 
Two types of situation, non-overload and overload, was considered when truck brake 
temperature was evaluated. The criterion of overload is that the load of a truck is over 10 
times of the number of axles. The brake temperature was increased with the distance running 
along downgrade increased and heavier the load was, steeper the brake temperature profile. 
But no brake temperature of trucks in the non-overload group (Figure. 3) was found when 
they run along LSD 1, although. However, brake temperature of trucks in the overload group 
(Figure. 4) was increased above 260 ℃ from K46 t            
load is, higher the brake temperature at the end of the section is. So it can be evaluated that 
the brake temperature profile would be steeper if the rate of overload was higher. 
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Figure 3. Truck brake temperature evaluation of LSD 1 (non-overload) 

 

 

Figure 4. Truck brake temperature evaluation of LSD 1 (overload) 

Along LSD 2, most of the brake temperature of trucks in the non-overload group (Figure. 5) 
was under 260℃ as well. And in the overload group, the brake temperature of trucks was 
increased above 260℃ from K34 to the end of the section. To some combination of truck and 
load, the brake temperature fluctuated around 260℃, because the average gradient of LSD 2 
was less from K34 to K27. But all kinds of overload truck with more than 3 axles had their 
brake temperature increased above 260℃.  
 

 

Figure 5. Truck brake temperature evaluation of LSD 2 (non-overload) 

 

2-20 
3-30 
5-50 

2-20 
3-30 
5-50 

Mileage 

3-60             2-40                       5-75 

2-30             3-45           5-60 

260℃ 

Mileage 
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So the overload was found to be the main cause of brake system heat fade of trucks on 
LSD 1 and LSD 2. In fact, the proportion of overload trucks is more than 80% in 2003-2004, 
and that is still near 60% in 2007, after forcefully treated. The overload seemed to be the 
important cause of traffic crash on the sections. 
 

 

Figure 6. Truck brake temperature evaluation of LSD 2 (overload) 

5 CONCLUSION 
The infrastructure countermeasure was found to be not effective enough to safety 
improvement on the long steep downgrades of a typical expressway in China by crash 
aggregation indicator analysis. And the brake system of a truck without overload will not be 
heat fade when it runs along the long steep downgrades sections. Then the truck overload was 
found to be the most important cause resulting on traffic crashes black spots in long steep 
downgrades in China because of the brake system heat fade. 
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