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ABSTRACT 
This paper presents results of an in-service performance evaluation of freeway barriers used in 
Guangdong Province in China. After field investigations, a total of 2455 barrier collisions 
were collected in 12 freeways during 2009 to 2011 from police reports and maintenance 
records. In the data collection area, 9 freeways’ barriers installed in roadsides or medians 
were consistent with M.O.T Specification for Design and Construction of Expressway Safety 
Appurtenance (JTJ 074-94), and 3 freeways’ barriers satisfied the requirements of M.O.T 
Specification for Design of Highway Safety Facilities (JTG D81-2006). Their collision 
performance was assessed in terms of collision severe grade, occupant injury, and vehicles 
pass through barrier or not. The investigation data indicate that the performance of concrete 
barriers is better than the W-beam barriers, and the performance of roadside W-beam barriers 
is better than median W-beam barriers. The outcome of buses and trucks impacting with the 
W-beam barriers was more serious. Impacts at portable barriers installed in median opening 
often resulted in serious consequence. The data suggest that there is a need to enhance 
crashworthy level for W-beam barriers, and develop crashworthy portable barriers, in order to 
prevent vehicles form passing through the system and decrease severe injuries or fatalities of 
vehicle occupants. 

1 INTRODUCTION 
Barrier is the last defense line for traffic accidents in freeway, and plays an important role to 
reduce injuries, fatalities, and property damages. The use of W-beam barriers in China was 
promoted nationwide in 1989. In 1992, the Ministry of Transport (M.O.T) sponsored a 
research project to evaluate the in-service performance of W-beam barriers in freeways. In 
order to get better performance, a new variable cross-section structure of W-beam barrier was 
developed by Research Institute of Highway (RIOH) in the same year. It was included to the 
M.O.T Specification for Design and Construction of Expressway Safety Appurtenance (JTJ 
074-94), that is the first specification of freeway safety appurtenances in China. In 2006, the 
Specification for Design of Highway Safety Facilities (JTG D81-2006) was published by 
M.O.T, which is an update to and supersedes the specification of JTJ 074-94 for the purpose 
of designing and installing new safety devices. 
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Until 2011, there were 85,000 km freeways in China, which is the second longest in the 
world. Guangdong province is the one which has most highways in China with the proportion 
reaching 6.84% of all the country, but it also has the most traffic accidents, injuries and 
fatalities. With the growth of traffic and changes in vehicle composition, the performance of 
the barriers, however, was unsatisfactory for protection in traffic accidents.  Especially in 
2011, there were several serious collisions concerned with freeway barriers, and the 
protection effect of barriers was questioned by many people. 

A large-scale investigation has been carried out in Guangdong Province by RIOH in 2011, 
particularly for assessing the in-service performance of freeway barriers. There were 12 
freeways of 1342.85 km in the data collection area. A total of 2455 barrier collisions were 
collected from police reports and maintenance records. The following sections describe the 
data collection and address the performance of roadside and median barriers in terms of 
collision severe grade, occupant injury, and whether vehicles pass through barrier or not. 

2 BARRIERS 
W-beam barriers and concrete barriers are the two main forms installed in freeways of 
Guangdong Province. In the data collection area, 9 freeways’ barriers installed in roadsides or 
median were consistent with specification of JTJ 074-94, and 3 freeways’ barriers were 
consistent with specification of JTG D81-2006. The differences in design conditions and 
parameters are described below in detail. 

2.1 W-beam barriers 
W-beam barrier is the most frequently used barriers in freeways. The center height of “W” 
rail section is 60 cm. W-beam barriers installed at roadside were divided into three categories 
according to the different design period: (1) The barriers satisfied the test level A (TL-A) 
requirements of specification JTJ 074-94, using a 3-mm thick steel “W” rail section and 4.5-
mm thick steel tube posts spaced at 4,000 mm. The diameter of posts is 114 mm or 140 mm. 
W-beam is connected to posts by means of brackets or blocks, as shown in Figure 1. (2) The 
barriers satisfied the test level S (TL-S) requirements of specification JTJ 074-94, with the 
same design parameters of TL-A, but difference in posts space at 2,000 mm. (3) The barriers 
satisfied the test level A (TL-A) requirements of specification JTG D81-2006, using a 4-mm 
thick steel “W” rail section and 4.5-mm thick steel tube posts with 140-mm diameter. The 
space of posts is 4,000 mm or 2,000 mm. W-beam is connected to posts using blocks. 

      
Figure 1: Roadside W-beam barriers satisfied the requirements of specification JTJ 074-94 
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Median barriers contain two forms: (1) the separate W-beam barriers installed at wide 

medians, symmetrically arranged on the two sides of median with the same design parameters 
of roadside barriers; (2) the combined W-beam barriers installed at narrow medians, 
composed of two parallel rails, posts and diaphragms. Examples are shown in Figure 2. Both 
of them are satisfied the test level Am (TL-Am) or Sm (TL-Sm) requirements.  

 

      

Figure 2: Median W-beam barriers 

2.2 Concrete barriers 
Concrete barriers are usually installed at relatively dangerous sections of the roadside. The 
NJ-section concrete barrier satisfied the test level A (TL-A) requirements of specification JTJ 
074-94. The F-section concrete barrier satisfied the test level SB (TL-SB) or test level SA 
(TL-SA) requirements of specification JTG D81-2006. The design parameters are shown in 
Figure 3. 

                   

Figure 3: Concrete barrier sections (left: NJ section, middle: F section of TL-SB, right: F 
section of TL-SA) 

Similar with W-beam barriers, concrete barriers installed at median also contain two forms, 
the separate and the integral. Examples are shown in Figure 4. 
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Figure 4: Median concrete barriers 

2.3 Portable barriers 
For the convenience of the vehicle enter the opposite lanes in case of emergency, there are 
openings setting with certain interval in median of freeways. Portable barriers are installed at 
the openings with a lot of forms as shown in Figure 5. These barriers can be moved quickly, 
but lack of crashworthiness. 

      

Figure 5: Portable barriers installed at median openings 

2.4 Impact conditions 
Table 1 shows the impact conditions of all test levels mentioned above. 

Table 1. Impact conditions 

Specification Test Level Vehicle 
Type 

Vehicle 
Mass 

(t) 

Impact 
Speed 
(km/h) 

Impact 
Angle 

(°) 

Kinetic 
Energy 

(kJ) 

JTJ 074-94 A/Am bus or 
truck 10 60 15 93 
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Specification Test Level Vehicle 
Type 

Vehicle 
Mass 

(t) 

Impact 
Speed 
(km/h) 

Impact 
Angle 

(°) 

Kinetic 
Energy 

(kJ) 

S/Sm bus or 
truck 10 80 15 165 

D81-2006 

A/Am 
car 1.5 100 20 - 

bus or 
truck 10 60 20 160 

SB/SBm 
car 1.5 100 20 - 

bus or 
truck 10 80 20 280 

SA 
car 1.5 100 20 - 

bus or 
truck 14 80 20 400 

3 DATA COLLECTION 
A team for data collection investigated 12 freeways of 1342.85 km in Guangdong Province, 
which accounts for about a quarter of the total freeway mileage.  By mean of field 
investigation, the team got the information of traffic volume, vehicle types, driving speeds, 
barrier structures and installation circumstances. A total of 2455 barrier-related collisions 
were collected from police reports and maintenance records from 2009 to 2011. 

Much information of the collisions was extracted from police reports, such as collision 
causes, occupant injuries and fatalities, vehicle damages. The collision position and the result 
of the impact with the barrier were determined based on police officer’s sketch. The data of 
barrier damage can only be collected from maintenance records. However, many important 
data were still missed, such as vehicle weight, impact speed, impact angle and largest 
distortion of barrier, and these data cannot be supplemented by field measurements.  

4 COLLISION CHARACTERISTICS 

4.1 Types of vehicle  
The type of vehicle involved in the collision could only be determined in 2449 collisions. The 
most common vehicle types were passenger cars and trucks as shown in Table 2. Altogether, 
44.2% of the cases involved passenger cars; trucks, semi-trailer and van-trailer trucks were 
involved in 39.9% of the collisions. 

Table 2. Types of vehicle involved in the collisions 

Types of vehicle Number Percent 
Passenger car 1081 44.2% 

Minibus 65 2.7% 
SUV 46 1.9% 

Medium bus 3 0.1% 
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Types of vehicle Number Percent 
Big bus 134 5.5% 

Pickup truck 98 4.0% 
Medium truck 43 1.8% 

Truck 681 27.8% 
Semi-trailer and van-trailer 

truck 297 12.1% 

Total 2448 100.0% 

4.2 Collision severe grade 
According to the criterion of traffic accident severe grade established by the Ministry of 
Public Security, there are four types of severe grade as shown in table 3. 

The collision severe grades recorded in the 2325 police-reports are shown in Table 3. The 
barriers installing at roadside and median were separately counted. Most of the collisions 
involving with barriers were ordinary accidents. The major and extra serious accidents were 
resulted in impacting with median W-beam barriers of JTJ 074-94 in 9.4% of the collisions, 
nearly twice as much as  the one consistent with JTG D81-2006 (4.2%). Portable barriers had 
the highest percentage of major and extra serious accidents, up to 19% of the collisions. 

Table 3. Collision severe grade involving different barriers 

Severe grade 
W-beam barriers 
(JTG D81-2006) 

W-beam barriers 
(JTJ 074-94) Concrete barriers Portable 

barriers roadside median roadside median roadside median 

Number 

Minor accident 9 15 63 15 9 10 1 
Ordinary 
accident 283 191 1050 484 18 42 16 

Major and extra 
serious accident 8 9 42 52 2 2 4 

Total 300 215 1155 551 29 54 21 

Percent of scenario 

Minor accident 3.0% 7.0% 5.5% 2.7% 31.0% 18.5% 4.8% 
Ordinary 
accident 94.3% 88.8% 90.9% 87.8% 62.1% 77.8% 76.2% 

Major and extra 
serious accident 2.7% 4.2% 3.6% 9.4% 6.9% 3.7% 19.0% 

Total 100% 100% 100% 100% 100% 100% 100% 
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4.3 Occupant injury 
Besides the counts of occupant injuries and fatalities, the percentage of fatal collisions to total 
number of barrier-related collisions was also calculated. For convenience of comparison, the 
absolute number was converted into fatality rate, severe injury rate, and minor injury rate in 
every hundred collisions (people-hundred collisions): 

Fatality rate = fatality number / collisions number*100 
Severe injury rate = severe injury number / collisions number*100 
Minor injury rate = minor injury number / collisions number*100 
Because W-beam barriers consistent with JTJ 074-94 have the largest number of collisions, 

analysis was specially focused on this type of barriers. Occupant injuries and fatalities are not 
only related to barrier types, but also directly related to vehicle types, as shown in Table 4. 

Table 4. Statistics in barrier collision accidents 

Vehicle 
type 

Collision 
number 

Fatal collision Fatality  Severe injury Minor injury 

number percent number rate number rate number rate 

Roadside W-beam barrier (JTJ 074-94) 
Passenger 

car 612 9 1.5% 9 1.5 2 0.3 70 11.4 

Bus 52 4 7.7% 10 19.2 3 5.8 76 146.2 

Truck 491 9 1.8% 11 2.2 25 5.1 50 10.2 

Median W-beam barrier (JTJ 074-94) 
Passenger 

car 245 6 2.4% 10 4.1 3 1.2 56 22.9  

Bus 33 3 8.8% 9 26.5 1 2.9 16 47.1 

Truck 273 5 1.8% 17 6.2 3 1.1 54 19.8 

 
As illustrated in Table 4, for collisions involved passenger cars, the percentage of fatal 

collisions, fatality rate, severe injury rate and minor injury rate of collisions related to median 
barriers were all higher than those related to roadside barriers, so the outcome of impacting 
with median W-beam barriers is more serious than impacting with roadside W-beam barriers. 
For collisions involved buses, the percentage of fatal collisions and fatality rate of collisions 
related to median barriers were all higher than those related to roadside barriers. For collisions 
involved trucks, the percentage of fatal collisions related to median barriers was almost the 
same as those related to roadside barriers, while the fatality rate exceed. 

For bus-related collisions, all the data were much higher than other vehicle types. The 
cause was related to more passengers in buses. It should be paid more special attention to the 
protection of buses in collisions with barriers. For truck-related collisions, the percentage of 
fatal collisions with median barriers was lower than passenger car-related collisions, while the 
fatality rate was higher. All data above shows that, the outcome of trucks impacting with W-
beam barriers was more serious than cars. 
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4.4 Whether the vehicle passes through after collision 
In collisions, the protective effect of barriers was most reflected in whether the vehicle passes 
through the roadside or median barrier. For convenience of comparison, the absolute collision 
number was converted to percentage, which stands for the collision number of passing 
through divided by total collision number in the same barrier type. 

As shown in Table 5, W-beam barriers of JTG D81-2006 had a 7.9% reduction for passing 
through collisions compared to barriers of JTJ 074-94. The concrete barriers had the lowest 
percentage for passing through collisions, which was less than 5%. The portable barriers had 
the highest percentage of 57.9% for passing through collisions, about more than a half. It was 
obvious that the lack of crashworthiness for portable barriers had been a prominent security 
problem. The percentage of passing through collisions related to roadside barriers was more 
than median barriers, with a difference of 6%. 

Table 5. Passing through collisions 

Barrier type Percent of passing through collisions 

 Median Roadside Total 
W-beam barrier 

(JTJ 074-94) 6.4% 12.5% 18.8% 

W-beam barrier 
(JTG D81-2006) 2.3% 8.6% 10.9% 

Concrete barrier 
(JTJ 074-94) 3.5% 1.2% 4.7% 

Portable barrier 57.9% / 57.9% 

 
Further analysis for vehicle types in passing through collisions related to W-beam barriers 

was listed in Table 6 and 7. The most vehicle types were trucks and buses. The in-service 
performance of W-beam barriers to these two types of vehicle was very poor, which leaded to 
a high percentage of passing through collisions. 

Table 6. Vehicle types in passing through collisions with roadside W-beam barriers 

Vehicle 
types 

W-beam barrier 
(JTJ 074-94) 

W-beam barrier 
(JTG D81-2006) 

Passing 
through 
collision 
number 

Total 
collision 
number 

Percent 

Passing 
through 
collision 
number 

Total 
collision 
number 

Percent 

Passenger 
car 6 245 2.45% 2 98 2.0% 

Bus 7 34 20.6% 3 24 12.5% 

Truck 94 273 34.4% 7 90 7.8% 
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Table 7. Vehicle types in passing through collisions with median W-beam barriers 

Vehicle 
types 

W-beam barrier 
(JTJ 074-94) 

W-beam barrier 
(JTG D81-2006) 

Passing 
through 
collision 
number 

Total 
collision 
number 

Percent 

Passing 
through 
collision 
number 

Total 
collision 
number 

Percent 

Passenger 
car 57 612 9.3% 5 141 3.5% 

Bus 12 52 23.1% 2 14 14.3% 

Truck 141 491 28.7% 37 144 25.7% 

5 CONCLUSIONS 
Based on field investigation of 12 highways, the in-service performance of barriers installed 
in Guangdong province was evaluated. W-beam barriers and concrete barriers were the most 
common forms used in freeways. The design of barriers was consistent with the M.O.T 
Specification for Design and Construction of Expressway Safety Appurtenance (JTJ 074-94) 
before 2006, and M.O.T Specification for Design of Highway Safety Facilities (JTG D81-
2006) after 2006. 

Based on the collision data collected from police reports and maintenance records, the 
vehicle types, collision severe grade, occupant injury and whether vehicles pass through 
barrier were counted, and conclusions were summarized as follow: 

 (1) About 90% of the collisions involving with barriers were ordinary accidents. Vehicles 
did not pass through barriers in nearly 80% of the collisions. The in-service performance of 
concrete barriers was better than the W-beam barriers. The percentage of passing through 
collisions related to roadside W-beam barriers was more than median barriers, with a 
difference of 6%. However, the collisions related with median W-beam barriers leaded to 
more serious outcome than roadside barriers, which means more occupant injuries and 
fatalities. 

 (2) The in-service performance of W-beam barriers to these two types of vehicle was very 
poor, which leaded to a high percentage of passing through collisions. Especially for buses, 
the percentage of fatal collisions, fatality rate, severe injury rate and minor injury rate were 
much higher than passenger cars and trucks. The cause was related to more passengers in 
buses. It also showed that more special attention should be paid to the protection of buses in 
collisions with barriers. 

 (3) The major and extra serious accidents were resulted in impacting with median W-beam 
barriers of JTJ 074-94 in 9.4% of the collisions, nearly twice as much as  the one consistent 
with JTG D81-2006 (4.2%). W-beam barriers of JTG D81-2006 had a 7.9% reduction for 
passing through collisions compared to barriers of JTJ 074-94. 

(4) Portable barriers had the highest percentage of major and extra serious accidents, up to 
19% of the collisions. It also had the highest percentage of 57.9% for passing through 
collisions. The lack of crashworthiness for portable barriers had been a prominent security 
problem. 
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In the future, the freeway management department will aim at the problems mentioned 
above, based on the collected collision data to identify sections which are lack of protection, 
enhance crashworthy level for W-beam barriers in the sections severe collisions and passing 
through collisions occurred, and develop crashworthy portable barrier products, in order to 
improve the freeway safety level. In addition, the bus, which is the main type of fatal 
collisions, should be a key target of the vehicle supervision and performance check. 
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