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DEVELOPMENT OF A BUFFER FENCE TO PROTECT
- CARS FROM DIRECT COLLISIONS WITH SUPPORTS

Kazuhiko ANDO, Ministry of Land, Infrastructure and Transport, JAPAN
Nozomu MORI, Ministry of Land, Infrastructure and Transport, JAPAN

ABSTRACT

Accidental collisions with support structures such as utility poles, signposts, and streetlight
poles are more likely to be extremely serious than other kinds of accidents. One method of
buffering collisions with such structures used in many countries is the breakaway structure that
allows a pole to collapse when struck by a vehicle. This method has reduced damage to vehicles
and injuries to their occupants caused by these collisions. But this structure is not suitable for
narrow roads carrying heavy traffic where a collapsing pole might cause secondary injuries to
third parties. This study was undertaken to develop a collision buffer fence (below called a
“buffer fence”) that prevents a car from directly colliding with a support structure or roadside
trees (below called, “support structures™) and to reduce injuries to a car’s occupants during such
a collision for use as a buffer measure for support structures installed beside narrow roads.

The first step in the study was to make the performance requirements of the buffer fence clear to
decide the basic structure of a fence that satisfies these performance requirements. Next, the
performance of the basic structure was analyzed by a dynamic simulation in order to make
changes to resolve the structural problems it revealed and to clarify the structure that would
ultimately satisfy all requirements. The structure of the buffer fence that was hypothesized was
a small inconspicuous fence with length of 5,000 mm and height of 500 mm considering the
need to construct it in limited road space and to protect the urban scenery. The performance of
this structure was verified by collision simulation. And to increase the buffering effects of the
ends of the fence, four kinds of end buffering structures were studied and analyzed by a
simulation. The software used for the simulation analysis was PAM-CRASH from ESI, a
company with accomplishments in the field of motor vehicle collision testing and analysis. The
results of the simulation analysis revealed that while the deceleration produced at the center of
gravity of a passenger car when it strikes a support structure at a speed of 60 km/h is about 650
m/sz, if it strikes the ends of the buffer fence, the deceleration is reduced to between 170 m/s’
and 330 m/s”.

INTRODUCTION

About 950,000 accidents causing death or injury occur in Japan every year. Only about 3%
(about 27,000 accidents) of these are collisions with roadside structures that includes utility
poles, signposts, streetlight poles and trees. But these accidents account for 16% (about 1,400
accidents) of all fatal accidents (about 8,400 accidents), indicating that collisions with roadside
structure tend to be extremely serious ”. In many countries, breakaway structures that allow
poles to topple over when struck by a vehicle are used as a buffer measure for support
structures, and they do contribute to reducing damage and injury caused by collisions. But this
type of structure is not suitable for narrow roads carrying heavy traffic where a collapsing
support structure might cause secondary injuries to third parties. Traffic barriers are used as a
method of preventing collisions with support structures, but because traffic barriers must be
long to smoothly redirect a motor vehicle, their use causes many problems: they are expensive
and when installed in cities, they spoil the appearance of the roadside.

This research was a study of the structure and performance of buffer fences installed beside
support structures standing along narrow roads that carry heavy traffic to prevent serious
damage when passenger cars collide with these support structures accounting for conditions
such as conserving u: an scenery.
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OUTLINE OF THE STUDY

Purpose of the study

The purpose was to develop a buffer fence that prevents passenger cars from directly colliding
with support structures and mitigates the impact of such collisions.

The study developed a buffer fence with a structure that provides performance that reduces the
harmful effects of a collision on occupants of passenger cars: a type of car susceptible to severe
damage during collisions and which has been involved in a high percentage of past collisions
with support structures .

The buffer fence is expected to have the following effects.

[1] Car redirecting performance: Redirects a passenger car when its front has collided with the
side surface of the buffer fence (see Fig. 1A).

[2] Collision buffering performance: Greatly mitigates impact by preventing the passenger car
from directly colliding with the support structure (see Fig. 1B).

[3] Side collision safety performance: Reduces the deformation of the passenger car body to
guarantee space for the driver to survive by preventing the side surface of a passenger car that
has spun from directly colliding with the support structure (see Fig. 1C).

The impact conditions established for the study were cases of collisions by a 1-ton passenger car
at 60 km/h that is the legal speed limit on ordinary roads and at 80 km/h that exceeds this speed
limit: cases set because in Japan the commonest type of vehicles used weighs approximately 1
ton 2 and support structures are installed close to vehicle lanes on almost all ordinary roads.

Study method and procedure

Dynamic simulation analyses were done to clarify the performances of the buffer structure.

The study was performed by first analyzing the state of a collision without a buffer fence, then
analyzing the car redirecting performance, side collision safety performance, and collision
buffering performance of the basic structure, at a collision speed of 80 km/h. Based on the
results of these analyses, the performances necessary for a study at collision speed of 60 km/h
were studied at a collision speed of 60 km/h to finally clarify the most appropriate structure.

The study flow chart is shown in Figure 2, and the test results are also shown in the figure.

Structure studied

The height of the buffer fence was set at 500 mm as the height that can guide a car bumper and
wheels when a car collides with the side of the buffer fence. The length of the buffer fence was
set at approximately 5 m: a length that can reduce deformation of the body of a car that has spun
so that its side collides with the buffer fence. The basic buffer fence structure that was
established is shown in Figure 3. The cross-beam of the buffer fence is strong enough to almost
completely prevent deformation of a car by a collision, because it is assumed that it will usually
be difficult to provide a large gap between the fence and the support structure. The ends of the
buffer fence are constructed to prevent large deceleration when a car collides with one of its
ends. So in addition to the ends in the basic structure, four other end structures that improved
buffering performance were studied (see Figure 4). Buffering structures [1] and [2] were, unlike
the ends of the standard structure, equipped with 1,000 mm buffers. Of these, buffer structure
[1] was equipped with three intermediate props to increase the strength of its buffers, but the
props were omitted from buffer structure [2]. Buffer structures [3] and [4] were designed by
equipping the ends of the basic structure with 1,500 mm buffers. Of these, buffer structure [3]
was equipped with one intermediate support prop to increase the strength of its buffers, but no
support props were installed on buffer structure [4].
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DESCRIPTION OF THE STUDY

The collision simulation program used to study the structure of the buffer fence was PAM-
CRASH from ESI. ' :

Car models

The car models used for the collision simulation were a frontal collision model and a side
collision model for a 1-ton domestically manufactured passenger car (see Figure 5). The frontal
collision model finely divided the front of the car into a-mesh in order to more accurately
simulate the deformation and deceleration caused by a frontal collision. The side collision
model was a model with the side of the car divided into a fine mesh in order to more accurately
simulate the state of deformation when the side of the car collides with the fence.

Analytical cases

The deceleration of the car and the deformation of its body when the front or side of the car
collided directly with the support structure were analyzed. Table 1 shows car redirecting
performance, collision buffering performance, and side collision safety performance of the
buffer fence, and the combinations of structures and collision speeds studied.

Evaluation method and evaluation criterizi

The following are the methods and criteria used to evaluate the various types of performance.
The deceleration was evaluated using the 10 ms moving average deceleration in the direction of
travel of the car based on the installation standard for traffic barriers 2 and NCHRP350 ¥, and
the sampling of the deceleration was done using an 80 Hz low pass filter at intervals of 0.5 ms.
[1] Car redirecting performance: The buffer fence smoothly redirected the car when its front
surface collided at an angle with the side of the buffer fence. The deceleration produced
was less than 200 m/s® 2,
[2] Side collision safety performance: The interior of the car was retained when the car
collided with the fence from the side
[3] Collision buffering performance: The deceleration when the car collided with the end of
the buffer fence or with the buffer structure was less than 200 m/s’.

STUDY RESULTS

Table 2 shows the results of the simulation analysis.

"Without a buffer fence

Figure 6 shows the deformation of the car body based on the frontal collision and the side
collision simulation analyses for a collision without a buffer fence.

The deceleration when the front of the car collided with the support structure not equipped with
a buffer fence was 850 m/s® at a collision speed of 80 kmv/h, and it was 650 m/s’ at collision
speed of 60 km/h. These decelerations are highly likely to seriously injure occupants ®. And
when a car spun so that its side collided with the support structure, the car body was severely
damaged, causing conspicuous deformation of the interior so that there wasn’t enough space for
the occupants to survive.

Structure of the side of the buffer fence

The results of the simulation analysis of a collision with the side of the basic structure buffer
fence at 80 km/h revealed that when the car front collided at an angle, it was redirected by the
fence and that when the car spun so that its side collided with the fence, the car body was
maintained, preventing its deformation. The deceleration as the car was redirected was 160 m/s
(impact speed of 80 km/h): a value that satisfied the conditions.
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Figure 7 and Figure 8 shows the simulation results.

Structure of the ends of the buffer fence

(1) Basic structure

With the basic structure without buffer structures on its ends, the car stopped after the bottom
surface of the car penetrated the end of the buffer fence, generating a deceleration of
approximately 710 m/s* at collision speed of 80 km/h, and approximately 530 m/s at collision
speed of 60 km/h, both large decelerations.

(2) Buffer structure [1]

The results of the simulation of cases where a car collided with buffer structure [1] at collision
speeds of 80 km/h and 60 km/h show that although the car did stop after penetrating the end, the
deceleration was 510 m/s* and 330 m/s® respectively, clearly indicating that good buffering
effezcts were obtained. But the deceleration at collision speed of 60 km/h was far above 200
m/s”.

(3) Buffer structure [2]

The results of the simulation analysis of a case of a collision with buffer structure [2] at 60 km/h
show that the deceleration produced is far higher than 200 m/s®, indicating that the buffer length
of 1,000 mm is not sufficient.

(4) Buffer structure [3]

The simulation of buffer structure [3] equipped with a buffer with length of 1,500 mm revealed
that the deceleration produced by the collision with the end was 170 m/s” that is less than 200
m/s’. Because the car rode up on the fence (see Figure 9) while traveling at the high speed of 30
km/h, the deceleration when it collided with a support structure was high at 260 m/s’, revealing
that this buffer structure does not satisfy the required buffering performance.

‘(5) Buffer structure [4]

As in the case of buffer structure [3], the car rode up on the fence, but its speed as it did was
lowered to 20 km/h and the deceleration during both a collision with the end and a collision
with the support structure was 180 m/s” that is less than 200 m/s. This structure provides the
highest buffering performance of all those tested in this study.

Considerations

The test results reveal that the strength of the side of the buffer fence is sufficient. The study of
the buffer structure for the ends revealed that at a buffer length of 1,000 mm, the car stops at the
end but its deceleration is high, and when it is lengthened to 1,500 mm, the shape of the end is
deformed to form a slope, reducing the deceleration. Because the car stops with reaching a
support structure, it does not bounce back into the vehicle lane or run up on the sidewalk after 1t
has collided with the buffer fence, preventing secondary damage.

SUMMARY

The following are the conclusions obtained'by the study.

Shape of the buffer fence

It is necessary for the buffer fence to be about 500 mm tall, assuming that a fence of this height
will not spoil the appearance of the urban environment, and that it is an appropriate height to
buffer and redirect a car that collides with the fence. If a buffer fence with length of about 5 m is
constructed, it can redirect a car that has collided with the side of the fence and it can prevent
deformation of the body of a car that has spun so that its side collides with the buffer fence.
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Collision buffering performance of the buffer fence.

Buffers must be installed on the ends of the buffer fence in order to mitigate the impact of a car
colliding with the ends. Of the buffers installed on the buffer fence that were studied, the most
effective buffering is obtained at a length of 1,500 mm and height of 500 mm, but at a collision
speed of 60 km/h or less, it is technologically possible for this structure to stably stop a vehicle
while holding the deceleration down to less than 200 m/s*. At a collision speed of 80 km/h, it
will be technologically difficult to keep the deceleration below 200 m/s® using the buffer fence
structure that was studied. '
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Table.1 Analysisi Cases

Performance Structure Collision Speed (km/h)
No fence 80
Car redirecting performance a) Basic structure 80
Side collision safety performance ¢) |Basic structure 80
Basic structure and buffer structure{1] 80, 60
Collision buffering performance b) .
Buffer strucutre [2], [3]and [4] 60

a) Collision shown in Fig.1A), b) Collision shown in Fig.1B), ¢) Collision shown in Fig.1C)

Table.2 Results of Simulation Study

(OK: satisfies the evaluation criteria, X: docs not satisfy the evaluation criteria)

Car redirecting

Side collision

Collision buffering performance ®

)]

Performance performance ¥ safety o Collision with the end Collision with
performance of buffer fence the support structure
Collision speed 80km/h 80km/h 80km/h 60km/h 80km/h 60km/h
Evalqaﬁon Body ‘| Deceleration Body Deceleration | Deceleration| Deceleration| Deceleration

Structure items | redirecting (mss) deformation (m/s) (m/s) (mss) ms)
No fence X X (850) X 1|
Basic strucutre OK OK (160) OK X (710) X (530) — —
Buffer strucutre[1] X (510) X (330) — —
Buffer strucutre[2] / / / X (300) —
Buffer strucutre[3] / / / / OK (170) / X (260)
Buffer strucutre[4] OK (180) OK (180)

a) Collision shown in Fig.1A), b) Collision shown in Fig.1B), ¢} Collision shown in Fig.1C)
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STUDY OF ILLUMINANCE REQUIREMENTS OF PEDESTRIAN
LIGHTING SYSTEMS |

Kentaro Hayashi, Kazuhiko Ando, Nozomu Mori
National Institute for Land and Infrastructure Management
Ministry of Land, Infrastructure and Transport, Japan

ABSTRACT

This paper reports the results of a study on the influence of illuminance levels on visibility and
ease of walking (or riding) for various categories of pedestrian (elderly persons, non-elderly
persons, cyclists, and wheelchair users). Five illuminance levels were employed in the study: 1,5,
- 3,5, 10, and 20 Ix. It was found that at low illuminance levels (1,5 and 3 Ix), pedestrians were able
to identify obstacles and other pedestrians in their path but were not able to see the road surface
property or identify details such as faces, and some difficulty was experienced in walking. At 5 Ix,
wheelchair users were still unable to identify the faces of other pedestrians approaching from the
opposite direction. It was concluded that 5 Ix represents the minimum illuminance level required in
order to enable pedestrians to identify salient visual information at night. If wheelchair users are
taken into consideration, then the minimum illuminance level is 10 Ix, which ensures the safety of
all pedestrian categories.

Keywords: illuminance, pedestrian, bicycle, elderly person, wheelchair

1. INTRODUCTION

The population of Japan is aging much more rapidly than in other countries. Japan has the highest
rate of population aging in the world. It is important to ensure that elderly people, wheelchair users,
and those with visual or other physical impairments are able to lead independent and autonomous
lives by providing appropriate support and encouraging participation in wider society. To this end,
areas of pedestrian traffic should be designed to minimize, as far as possible, the physical and
mental burden on these categories of pedestrians.

In this study, we considered the issue of pedestrian lighting from the perspective of ensuring
the safety of pedestrians, particularly elderly and physically disabled pedestrians, at night. We
investigated the level of illuminance at the road surface required in order to ensure the safety and
security of pedestrian traffic.

2. OBJECTIVES

The level of illuminance required in areas of pedestrian traffic at night varies depending on the
individual physical characteristics of each elderly or disabled pedestrian. A visibility evaluation
experiment was used to determine the level of illuminance required to ensure the safety and
security of all such pedestrians.

3. OUTLINE OF EXPERIMENT

In the experiment, the test subjects were asked to rate visibility while proceeding along a test
course lighted to a given level of average road surface illuminance. The test subjects consisted of
10 elderly persons aged 65 years or over, 10 non-elderly persons, and seven wheelchair users.
The non-elderly subjects were asked to perform the visibility ratings both on foot and on bicycle.

"~ 3.1 Methodology and conditions

Figures 1 and 2 show the experimental set-up. The test course was 182 m in length, lighted by
eight luminaires mounted at a height of 5,2 m and spaced at intervals of 26 m. The evaluation
zone was confined to the two middie spans of the test course, a length of 52 m, with a width of 4
m. The first span was designated the obstacle zone, and the second span the approaching traffic
zone. The obstacles in the obstacle zone consisted of two black rubber strips measuring 60 mm in
height and 180 mm in width laid out across the road surface to resemble steps, and seven blue
triangular cones of height 700 mm placed on the road surface to resemble obstacles. The test
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subjects were asked to pass through Luminaires x 8(Height=5,2m, Lamp=HF250-D)
both zones in succession. The 8 ) : .

fluorescent mercury discharge lamps
(HF250-D) were used as the source
lamps in the luminaries. Road surface — e
brightness was regulated using a | 26m X 7=183m
combination of optical filters of varying . .
degrees of transmittance attached to Figure 1. Experimental set-up
the luminaire globes. Triangular cones(=obstacles)  Rubber strip{=step)

)

Within each span of the test course,
the illuminance level was defined as the
average of road surface illuminance
readings taken at 55 measurement 1 s = \
points on a grid created by dividing the o
span (L 26 m x W 4 m) into 10 sections _ Jm = % MEGM;L‘
in the longitudinal direction and four ’
sections in the transverse direction. Fiaure 2. Close-up of evaluation zone
Five illuminance levels were used in the experiment: the four Recommended Levels of llluminance
(3, 5, 10, and 20 Ix) given in Japanese Industrial Standard (JIS) Z 9111", which is used
extensively for pedestrian lighting design in Japan, and the minimum illuminance level of 1,5 Ix
recommended by Publication CIE 115-1995%, which is based on pedestrian lighting illuminance
standards from around the world. To ensure uniform illuminance across the entire test course, the
value derived by dividing the minimum road surface illuminance by the average road surface
illuminance was kept to a target of 0,2,

Table 1. Evaluation items
3.3 Evaluation method 1 _| Can see steps and obstacles
The test subjects were asked to pass _2 | Can see road surface and proceed without difficulty
through the obstacle zone and negotiating _3_| Can see faces of approaching pedestrians
approaching traffic (both pedestrians and _4 | Feel no danger from approaching pedestrians
bicycles) in the approaching traffic zone, —3 | Feelno glare by lighting
then answer yes or no to the six-point —&_l Lighting is uniform at road surface

checklist shown in Table 1. This procedure was repeated at each of the five illuminance It_avels.

Positive response rates were tabulated in each pedestrian category; thus, for instance, if seven
out of ten elderly subjects said that they could see the road surface and proceed without difficulty,
this translates into a 70% response rate for that item. Response rates of 50% or more were
deemed “high” and response rates of less than 50% were deemed “low.”

. 4.RESULTS

Figure 3 shows the visibility evaluation results by subject category. On each graph, the Y-axis
represents the level of illuminance while the X-axis represents the positive response rate.

It can be seen that the positive response rate to the “can see steps .and obstacles” question
was high irrespective of the illuminance level. Similarly, high responses were obtained for the “felt
no glare by lighting” and “lighting was uniform at road surface” question at all illuminance levels, so
these have been omitted from the discussion here.

— Pedestrians (elderly and non-elderly): At 1,5 Ix and 3 Ix illuminance, both elderly and non-
elderly pedestrians had a low response rate in the “can see faces of approaching pedestrians”
category. Non-elderly pedestrians also had a low response rate in the “can see road surface
and proceed without difficulty” category. Response rates in other categories were high for all
iluminance levels. : .

- Cuyclists: At 1,5 Ix, cyclists had a low response rate in the “feel no danger from approaching
pedestrians” category. Response rates in other categories were similar to those for foot
pedestrians.

— Wheelchair users: At illuminance levels of 5 Ix and below, wheelchair users had a low
response rate in the “can see faces of approaching pedestrians” category. Response rates
were high in all other categories irrespective of illuminance level. Wheelchair users were not
asked to do the experiment at 1,5 Ix.

—120 —



Hayashi, K. Study of llluminance Requirements of Pedestrian Lighting Systems

Subjects| Foot Pedestrians Foot Pedestrians Cyclists = Wheelchair users
Evalution ftams (Elderly) (Non—elderly) (Non—elderly)

Can see steps and
obstacles

0% 25% 50% 75% 100%

Can see road
surface and proceed
without difficulty -

Can see faces of
approaching
pedestrians

0% 25% 50% 75% 100%

_ Feel no danger from
approaching
pedestrians

: 15 i B }
0% 25% 50% 75% 100% 0% 25% 50% 75% 100% 0% 26% 50% 75% 100% 0% 25% 50% 75% 100%

Figure 3. Visibility ratings by subject category 71 ves [INo
(The X-axis represents the positive response rate. The Y-axis represents the level of illuminance)

5. DISCUSSION OF RESULTS

There was a pronounced difference in the response rates of elderly and non-elderly subjects in the
“can see road surface and proceed without difficulty” and “can see faces of approaching
pedestrians” categories. Whereas 70% of elderly subjects felt that an illuminance level of 1,5 Ix
was sufficient to see the road surface and proceed without difficulty, only 10% of non-elderly
subjects agreed. Thus, elderly people are more likely to be satisfied with a lower level of lighting
than non-elderly people in order to see the road surface and proceed without difficulty. The non-
elderly subjects were all able to see the faces of approaching pedestrians at a luminance level of
10 Ix, whereas some of the elderly subjects were still unable to do so even at 20 Ix.

The threshold visibility level needed for pedestrians is influenced significantly by the spatial
frequency characteristics of the visual objects. It has been shown? that people can usually walk
without difficulty so long as it is possible to discern the general shape of obstacles; this type of
visual information is called “low spatial frequency band information.” In order to determine a
person’s gender and recognize a known face, however, it is necessary to identify facial details
such as the profile and the eyes and nose; this is called “high spatial frequency band information.”
Our ability to discern the spatial frequency threshold of an object is governed by factors such as
age and surroundings brightness. Mitsui et al® studied the relationship between contrast sensitivity
and age for different spatial frequency bands and found that sensitivity in the low spatial frequency
band changes little with age, while sensitivity in the high spatial frequency band declines rapidly.
The “can see road surface and proceed without difficulty” category in our experiment thus
corresponds to the low spatial frequency band, which is why elderly subjects were able to
recognize objects and proceed without difficulty even at low luminance levels. Meanwhile, “can
see faces of approaching pedestrians” corresponds to the high spatial frequency band, and this is
why some of the elderly subjects found it difficult to recognize faces even at high illuminance
levels of 10 and 20 Ix. However, the link between spatial frequency characteristics and declining
contrast sensitivity with age does not adequately explain why elderly subjects had a higher positive
response rate than non-elderly subjects in the “can see the road surface and proceed without
difficulty” category at low illuminance levels. It may be that concepts such as “can see easily” and
‘can proceed without difficulty” constitute subjective evaluations of convenience, which are
influenced by lifestyle differences and past personal experience that can vary considerably with
age. At this stage, we do not know the sorts of factors that govern concepts such as visual comfort
and brightness. Further investigation is required in this area.
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5.2 Foot pedestrians, cyclists, and wheelchair users

In the experiment, the non-elderly foot pedestrian subjects doubled as the cyclist subjects. They
reported that it was harder to discern the faces of approaching pedestrians at low illuminance
levels both on foot and on a bicycle. At 1,5 Ix, the subjects did not feel any danger when walking
but they did feel danger when riding. Riding is faster than walking, which means that a rider has
less time than a walker to assess the traffic conditions ahead. In other words, an illuminance level
of 1,5 Ix is dangerous for cyclists because they are unable to determine whether evasive action is
required. . '

Wheelchair users, who travel more slowly than foot pedestrians, had trouble identifying the
faces of approaching pedestrians at illuminance levels of 5 Ix and under. This is probably
attributable to the fact that their eyes are at a lower level, which means that they can't see as far
as foot pedestrians, and also the fact that propelling the wheelchair involves a back and forth
movement which means that they have less opportunity (in terms of frequency and period) to look
up and assess approaching traffic conditions such as the road lines and the direction in which
others are moving. Wheelchair users therefore require higher levels lighting than foot pedestrians
in order to provide the same degree of visibility of visual information.

6. SUMMARY BY ILLUMINANCE LEVEL
The findings discussed above can be summarized as follows:

- At 1,56 and 3 Ix: Pedestrians can discern the presence of obstacles and approaching
pedestrians but experience difficulty seeing the road surface and recognizing details such as
facial features and are not able to negotiate their way forward with ease.

— At 5 Ix: Pedestrians are able to discern-obstacles and see the road surface easily (the basic

_ prerequisites for pedestrian traffic at night), and can also recognize details such as the facial
features of approaching pedestrians. Wheelchair users are unable to recognize the facial
features of approaching pedestrians.

— At 10 ix and above: Pedestrians of all types are able to proceed safely and securely.

7. CONCLUSIONS AND FUTURE ISSUES

In this study, we evaluated five average road surface illuminance levels with respect to six
evaluation items in four pedestrian categories in order to determine the level of the average road
surface illuminance required to enable pedestrians of all types to proceed safely and securely in
area of pedestrian traffic. Future studies should look at the influence of colour temperature and
colour rendering of the source lamp on the perception of visibility in the pedestrian area.
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. An Experiment on Interpretation Time of Traffic Sign Information

Kazuhiko Ando

Public information for road users are presented by traffic signs and variable message sign boards on
roads. The amount/form of information- for these facilities has not fully been discussed until now. An

experimental and analytical study of the amount/form of information was conducted using interpretation time

of information as an index of understanding degree of information. It has been shown by the results of this

study that the interpretation times of familiar information are shorter than those of unfamiliar information,

and that road signs are understood as pattern and influence of their color is little.

Key Words: Visibility, Road, Information System, Driver Behavior/Amount of Information, Chinese Character, Traffic Sign@®
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Table.1 Contents of Information Used in the Experiment -

Kind Form Content
Chinese High use frequency : 5 strokes(E. 5.). 10 strokes (¥, H) . 15 strokes (£i. #8)
Character character Low use frequency : 5 strokes (%L, &) ., 10 strokes (£&. %) . 15 strokes (B, #)
Place Name | Familiar name : #i(Kashiwa). 1:#i(Tsuchiura). 7K¥3i#(Mitsukaido). % F%X H(Hitachi-Ohta)
Unfamiliar name : #{(Maki). =#fi(Mitsuse). K% F(Ohtaki). FIRHK(Uji-tawara)
Regulate, * Stop (red background-black letter, red background-white letter),
Sign Warning Under construction (black background-orange pictograph, yellow background-black pictograph),
Admit approach to directions pointed out only (black background-orange allow, blue background-white allow)
Variable 1 : 38E(Strong wind). 2 : BEL - H7K(Accident Covered with water).
Message | 1oy 3a: %4 - @7k - FEEEA (Falling of rocks* Road closed* There is a detour)*  * meaning combination of words
Sign Board 3b: I - BAE - WeM(Covered with waves- Freeze - Congestion)** * % meaningless combination of words
Graphic Symbol Snowman(Snow fall) (black background-orange figure, blue background-white figure)
Display HRICLDZEIEHENRRS D, JlREDE. ZHIZH
2. Sp—— 88— > L., AP FHRIIANBRCL2BAEND S0, ER
jg’r - Keyboard CHALEREDLFLONTEOREOBRL TS
1. 2m

!

Figure.1 Experimental Condition
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Figure.3 Interpretation Times of 1 Chinese Characters
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Figure.4 An Example of Display of Place Names

Vol.34, No.3, July 2003.

8

= 1400 =+SD
£ 1200 ® average
-4
£ 1000 --SD
£
S 800 T 5
3 600
5 T . .
g s o
=200

L 4 Iy o -

0 - N N PR

£ 1 2 E g L

EEERENEREE

3 P ¥ I I

v 3 J \ /] =3

. Group 1 Group 2 Group 3 Group

Figure.5 Interpretation Times of Place Names
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Figure.7 Interpretation Times of Texts
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Figure. 8 Interpretation Time of Graphic Information
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Abstract

The Ministry of Land, Infrastructure and Transport (MLIT), Japan revised the barrier regulations in 1998. New
regulation provided as the performance-based regulation by abolishing the structural criteria of the old regulation
to incorporate the landscape aspects into the infrastructure. Scope of this study is the development of the
standardized aesthetic barrier based on the revision of the barrier regulation from the structural regulation to the
performance-based regulation. The reason for writing this paper is to introduce the process of the development of
an aesthetic barrier in Japan, and also to discuss the importance of an aesthetic barrier for a landscape of road.
This paper discussed the development process of the new barriers that satisfied the new regulation. The
objectives of this development are to create and maintain a good landscape of road with the aesthetic barrier. In
this paper, based on the analysis on landscape aspects of the conventional barriers in Japan, the fundamental
designs to solve the problems of the barrier in the viewpoint of landscape were examined. Through the results of
the collision tests with the trial products and the social impact assessments after the installation of new barriers,
it was confirmed that the new barriers attained the initial development objectives. The new barriers developed
were adopted as one of the standard barriers for the vehicle by the MLIT in March 1999. It is, hence, expected
that the new barriers will be widely utilized in the areas with picturesque scenery as well as urban areas in Japan.
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1. INTRODUCTION

Japan has used standardized barriers that were defined by barrier regulation in 1972. Each kind of barriers such
as guardrail, guard pipe, guard cable, etc. has been designed in accordance with only the design speed of each
road. It was impossible for a long time to develop a new type of barrier, considering landscape along the roads
since structures, shapes, and even measurements were included in the regulation. Even in the places where
picturesque sceneries are observed, therefore, the standardized barriers have been installed and spoiled
landscape. :

In view of this, Tohoku Regional Bureau, Ministry of Land, Infrastructure and Transport MLIT , formerly
known as Ministry of Construction, decided to develop a new barrier with better design, a committee was
established. Because it was scheduled that old regulation would be revised to performance-based regulation in
1998. The authors led the new barrier development, as a chairperson of the committee, committee member,
member of secretariat, development partner. This paper describes the research and the process of the
development of new type barriers and its social effect.

2. LANDSCAPE ASPECTS OF THE CONVENTIONAL BARRIERS

Three kinds of barriers (guardrail, guard cable, and guard pipe) are usually used at general national highways in
Japan. Since structures and dimension of these barriers were defined by the regulation, it was impossible to
incorporate landscape quality along the roads. Regarding color, (only) white was used with some exceptions.
While developing a new barrier, the authors analyzed the landscape aspects of the conventional barriers.

2.1 Guardrail

The guardrails are the most commonly utilized along roadsides and boundaries of sidewalk and roadway in
Japan. The center of beam is located at the 60cm above from road surface.

The landscape aspects of the guardrail are as follows:

«: from a viewpoint of the passenger
*The view from the passenger car is interrupted since the visual point level of passenger is approximately
110cm;
*Guardrail installed at median gives a complicated impression because it has two beams for both sides of lanes;
and :
*The line of beam emphasizes the impressions of road alignment, and also is effective for visual leading.

- 4 from a viewpoint of outside of the road

¢ When it is installed at picturesque places, the view from outside of the road has big damage because guardrail
has white continuous line.

4 Bolts and nuts of zinc plating on white beam give a complicated impression;

¢ A joint point with a support and a beam is complicated and conspicuous, because many elements gather it;

¢ Dirty of white painting and rusty of damage points give a poor-looking impression; and

4 Beam and support has not a sense of unity because of corrugated shape of a beam and existence of a bracket.

2.2 Guard Cable

The guard cables are frequently utilized at a banking or cutting section in country areas and mountain areas. The
guard cables have the structure to respond vehicle by a pulling power of three to five cables.

The landscape aspects of the guard cable are as follows: _
* ¢ Guard cables don’t interrupt both views from the passenger and from the outside because of there visual
permeability;
¢ A support of zinc plating give a cold impression;
*A joint point with a support and a beam is complicated and conspicuous, because many elements gather it;
A terminal support give a complicated impression, because a form is complicated and a bolt to conclude a cable
is exposed; and
* Guardrail installed at median gives a complicated impression because it has two beams for both sides of lanes.
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2.3 Guard Pipe

Usually, guard pipes are installed along boundaries of sidewalk and roadway. The conventional guard pipes have
the structure to respond vehicle by the three-beam pipes. Therefore; it is superb at a view to the road outside.
And, that has (with) a light impression. However, at a joint with a beam pipe and support, a number of pieces of
a bolt also give a complicated impression to a pedestrian, greatly.

The landscape aspects of guard pipe are as follows:

¢ ¢ A shape composed of a thin line gives a light impression;

¢ According to an artistic balance of a form, it can give a different impression;

¢+ A guard pipe is inconspicuous in comparison with a guardrail. However, when a general standardized product
is continuously installed, lines of a white painted pipes are apt to be conspicuous;

*¢ Guard pipes don’t interrupt both views from the passenger and from the outside because of there visual
permeability; and

*¢ A joint point with a support and a pipe is complicated and conspicuous, because many elements gather it.

3. CONSIDERATION ON FUNDAMENTAL DESIGN OF THE BARRIERS
3.1 Design Conditions

Necessary conditions for the development of new barriers concentrated on the following five points:

a. To have a necessary strength of B class (former standard) that is the greatest used at a national highway;
b. To become a substitute of a current guardrail (possible for throwing itself to inside soil);

c. Beautiful shape.;

d. Not to prevent a view to the roadside; and

e. Low cost. ’

With these necessary conditions, Designer Ono who was one of the committee members designed the
fundamental shape of the new barrier, considering the following three points as the primary principles of design.

(1) As structure of a guard pipe type, increase visual permeability.

It was recognized that the new barrier would be installed on both of roadsides and boundaries of sidewalks and a
roadway in the jurisdiction area under MLIT. To avoid interrupting views, high visual permeability was
considered one of the design conditions. Structure of guard pipe type was chosen for the structure of new
barriers. ]

(2) As using a general material (such as Japanese Industrial Standards (JIS) steel pipe), lower a price.

The conventional barriers are very inexpensive because mass production is formed already. And, at Japan
today, a cost decrease in public works is claimed as a policy. Inexpensiveness was an important design condition.
Using general materials was required as one of design conditions to lower price.

(3) As considering continuity between a general section and a bridge section, adopt a shape of block-out type.
The shape of a barrier in a bridge section is defined as a block-out type in old regulation. In the viewpoint of a
sequence of a road landscape, a form of a barrier should not be changed between a general section and a bridge
section. Therefore, a shape of block-out type was adopted as one of design conditions.

3.2 Decision Of A Fundamental Shape And Measurement
The next figure shows the barrier that Ms. Designer Ono prepared, concerning the above-mentioned three points.

4. SELECTION OF TECHNICAL DEVELOPMENT PARTNER AND MANUFACTURE

A fundamental design was decided by applying knowledge of committee members about structures and
landscape. Consequently, it was necessary to verify strength, construction method and cost. Therefore, we
implemented the technical proposal competition based on this fundamental design for manufacturers to be able

to produce these barriers in a large scale.

4.1 Selection Of The Development Partner Through The Technical Proposal Competition
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There were 35 proposals to a technical proposal competition.

(1) Material

As Main material, 34 proposals used steel, and one proposal used stainless steel.

As Upper section connector, 25 proposals used spherical graphite casting iron, five proposals used heat growth
thin board, two proposals used aluminum casting, and three proposals were others.

(2) Cost (Material unit price per 1 meter)

About 3 beams type, average price was 19,252 yen, minimum price is 10,090 yen, and maximum price was
54,000 yen. About 2 beams type, average price was 16,255 yen, minimum price was 8,320 yen, and maximum
price was 37,900 yen. ‘

(3) Selection of development partner

All proposals were evaluated in the five viewpoints of function, design, economy, construction, and maintenance
management. Therefore, Shinko Kenzai.Ltd. was selected as a development partner.

The criteria for the selection were summarized in the following three points:
¢ Following a fundamental design, a design with an upper section beam and connector has a neat impression;
e Their proposal allows for support to stand upright; and
¢ Concealing a bolt of back of supports by means of unique technology, it has a neat shape.

4.2 Trial Production

Shinko Kenzai. Ltd. made a trial production, and more detailed design was discussed by the committee. By the
way, this trial production was exhibited at " YUME - HAKU (exposition) " that was held at that time at Sendai
City and obtained great appraisal from many visitors.
e Structure
About a support interval, with data of a simulation of a collision, it was confirmed. to satisfy a generally
functional condition at support interval of 3 meters. Consequently, tests with real car collision at support interval
three meters. About snow weight, a weight test was done and that was considered in the support interval in a
snowy region with its result.
® Design

About a design, Amano and Ono advise a detailed design gradually.
¢ Color :
Comparative analysis and examination for the selection of the color for the new barrier were carried out among
the four colors, and dark brown was chosen. Also, to improve the function of barrier, color reflection tape as-
visual guidance was added.

5. TESTS FOR THE DEVELOPMENT OF ORDINARY ROAD TYPE BARRIER
5.1 Outline Of The Tests

Collision tests were conducted three times in order to confirm the performance of the fences. At first, collision
test was planned for once both the three beams type and the two beams type, respectively. However, a lot of
deformation and damages that were not expected occurred at the first test for the three beams type. Therefore,
another test was added for the three beams type that was improved based on the results of the first test.

5.2 Conditions on Collision Tests

Test No.1 was for three beams type (prototype), test No.2 was for two beams type, and test No.3 was for three
beams type (improved).

All conditions of crash tests for Ordinary road type were as follows: Vehicle Type (Truck) is middle-sized truck,
vehicle mass is 8 ton, impact speed is 50 km/h, impact angle is 15 degrees, and impact severity is 52 kI.

5.3 Structure Of The Test Specimens

The structures shown in figure 2 were used as the test specimens. Three beams structure of test No.1 was the

prototype barrier. In the test No.1, lower beam was broken down because of colliding of wheel rim, and lack of
elongation of bracket that made of casting caused the collapse of the lower beam. Structure of two beams type,
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therefore, was improved in terms of the lower beam height and bracket material. Structure of test No.3 was
improved in terms of height of the barrier and the bracket material.

5.4 Results of Tests

Results of tests and an example photograph of the collision are presented in the Table ! and Figure 2,
respectively.

5.5 Evaluation Of Barrier Performance

(1) Test No. 1 (three beams type (prototype type)) _

The behavior of a vehicle after collision against the barrier was stable, and the vehicle was smoothly guided after
colliding with it. However, when a vehicle came in contact with a barrier, the left front wheel of vehicle greatly
changed as pressing down a lower beam, and a lower beam was dropped.

Hence, the following two points were considered. A connector between a lower beam and a support was made of
cast iron, therefore the brittle failure of a connector was occurred.

A wheel contacted directly and pressed down a lower beam because its height.

(2) Test No.2 (two beams type)

From the first result of test No.1, the height of a lower beam was decided not to contact with a wheel, and the
material of a connector was changed from cast iron to steel. The behavior of a vehicle after collision against the
barrier was stable, and the vehicle was smoothly guided after colliding with it. As the result of such modification
a lower beam did not drop. Through this result, these modification countermeasures were justified.

1

(3) Test No.3 (three beams type, (improved)) i
Test No.3 was carried out with modification like test No.2 (the height a lower beam, and material of connector)
based on the result of test No.l and test No.2. As the result of such modification, behavior of a vehicle after
collision against the barrier was stable without a dropping of a lower beam. Through this result, the function of
the modified type of three beans was confirmed.

According to these experimental results, the development of Ordinary road type barrier was succeeded. Ordinary
road type barrier has the same function of level 2 barrier in U.S.A..

6. COLLISION TESTS FOR (THE) DEVELOPMENT OF TYPE A BARRIER

After the revision of the barrier regulation in 1998, development of new barriers is permitted by Ministry of
Land, Infrastructure and Transport (MLIT). Shinko Kenzai.Ltd. decided the development of Expressway type
barrier based on the same fundamental design (Figure 1) with collaboration of Nittetsu Kenzai Ltd..

6.1 Outline Of The Test

Collision tests were conducted three times in order to confirm the performance of the barriers. At first, collision
test was planned once for the large-sized truck and the passenger car, respectively. However, unexpected
excessive acceleration occurred at the first test for passenger car. Therefore, another test was added for the
passenger car that was improved based on the results of the first test. The improvement was considered without
change of form, because this improvement should not influence the result for the large-sized truck.

6.2 Condition on the Collision Test

Test No.1 was for the large-sized truck, test No.2 was for the passenger car (prototype), and test No.3 was for the
passenger car (improved). The conditions of collision tests for Expressway type were as follows: For the
large-sized truck, in the regulation impact severity should be over 130, vehicle mass is 20 ton, impact speed is 51
km/h, impact angle is 15 degree, and impact severity is 134 kJ. For the passenger car, vehicle mass is 1 ton,
impact speed is 100 km/h, and impact angle is 20 degree according as the regulation.
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6.3 Structure Of The Test Specimens

The structure shown in the Figure 4 was used as the test specimens. The improvement based on the result of test
No.2 was only increase of inner sleeve thickness from 4.5 mm to 6.0 mm.

6.4Evaluation Criteria

The criteria for the Expressway barrier are shown in table 2. Considering these criteria, Expressway type barrier
has the same function of level 4 barrier in U.S.A..

6.5 Results Of Tests And Evaluation
The results of tests were shown in Table 3.

According to these results of tests, the development of Expressway type barrier was succeeded.
7. EXAMPLES OF CONSTRUCTION AND THOSE EFFECTS

“The Tohoku Regional Bureau, Ministry of Land, Infrastructure and Transport” (TRB, MLIT) conducted the
experimental construction at three sites in 1999, and confirmed that the new type barrier had attained the initial
objectives. After that, this type of barrier has been constructed along many roads in Japan. Three quarters from
the construction sites were selected to study those effect.

7.1 Examples Of Construction And The Effects
The characteristics of landscape before and after the constructions of the new barriers on three quarters in
Tohoku Region, Japan are described below.

a. Route 45 Matsushima Quarter
Matsushima has one of the most picturesque scenery with pine trees in Japan where about 260 islands are located
in a gulf. Ordinary road type barrier was constructed along this quarter.

b. Route6 Hattachi Quarter
This stretch is designated as a natural park of Fukushima Prefecture and is crowded with sea-bathing visitors
during a summer season. Ordinary road type barrier was constructed along this quarter.

c. Rote 7 Atusmi Quarter _
Route 7, Atsumi is a principal national highway stretch in the front of Japanese Sea. Sunset on Japanese Sea and
the rough coastal landscape are recognized as beautiful. Expressway type barrier was constructed in this quarter.

7.2 Evaluation From The Examples

(1) Aspect of landscape

The three examples have picturesque coastal scenery. Therefore, whether barriers have effects on the view
surrounded or not, regardless their extent, is a vital for landscape. From the site investigation, it was observed
that new barrier was not considered as the obstruction to the landscape. Moreover, through the interview at the
adjacent drive-in, remarkable improvement of the view along the road was noted.

(2) Function of the visual leading

A primary color of a new barrier was dark brown, therefore it could hardly be seen from the vehicle window.
Committee thought to glue a white reflective tape at the top of support in order to be seen and to enhance the
function of visual leading.

(3) Ease of construction

Although it was the first time for the construction firm to carry out the construction of the new barrier, little
difficulty was observed during the implementation.

TRB 2004 Annual Meeting CD-ROM Original paper submittal - not revised by author.

—138 —



Koichi Amano, Kazuhiko Ando, Noboru Ito, Hiroshi Matsuda ‘ 7

8. CONCLUSION : :

At first, through the analysis of landscape aspects of conventional barriers, the problem of barrier in the

viewpoint of landscape is clarified. '

Secondly, the process of the development of the aesthetic barriers was introduced. In this process, the first step is

the determination of fundamental design, the second step is the selection of a development partner by the

technical competition, and the third step is the confirmation of the function of a barrier by the collision tests.

Thirdly, through the evaluation from the examples, the effectiveness of this aesthetic barrier that was developed

in this study is confirmed. _

Consequently, it is expected that the aesthetic barrier developed will be widely utilized in areas with picturesque
" scenery as well as urban areas
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TABLE]1 Results of Tests
Test No.1 No.2 No.3
Vehicle mass (t) 8.0 8.0 8.0
Impact speed (km/h) 50.2 50.2 50.2
=
S 50.0 500 50.0
3
§ Impact angle (degree) 15.0 14.6 15.0
g 150 150 15.0
Z | Tmpact severity (kJ) 521 494 52.1
! , 517 517 517
o | Largest remaining modified quantity (mm) 729 383 715
=1 =
oé S | Tire entering quantity (mm) v 400 230 300
A S { Contact quantity (mm) 14,020 10,765 12,380
Breakaway angle (degree) 42 5.1 8.2
Breakaway speed (km / h) 39.6 44 4 -
=
)
f:“;: _*5 Damage situation Left front part damage, without a
8= :
c g car-chamber damage, vehicle can run by
> O itself
Note) the upper section is the result of experiment, and the lower section is setting up condition in Collision
condition
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TABLE?2 Criterion of Evaluation

Item , : Criteria . Case
Defense of | strength not breakthrough - | for - the
deviation : - - - : large-sized truck

deformation maximum tire entering quantity < 1.1m
Security of | both of X (longitudinal) Y (lateral) axis acceleration < | for the
passenger 150m/s*/10ms : passenger car
not roll sideway both
Guidance for | breakaway ‘more than 60% of impact speed
vehicle . speed
breakaway not more than 60% of impact angle
angle :
Defense of scatter | not scatter the component part so much at the impact
of parts ' :
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TABLE3 Results of Tests and Evaluation

11

Test

‘No.1

No.2

No.3

Tire entering quantity

0.36m<1.1m OK

Acceleration X

155.8m/s%/10ms>150m/s>/10ms
NG

122m/s%/10ms<150m/s%/10ms
OK

Y |- 113.8m/s*/10ms<150m/s*/10ms | 122m/s’/10ms<150m/s%/10ms
OK OK
Breakaway speed 43km/h>31km/h 62km/h>60km/h (60%of | 74km/h>60km/h (60%of
(60%of impact | impact speed) OK impact speed) OK
speed) OK
Breakaway angle 7degree<9degree Tdegree<12degree (60% of | 9degree<12degree  (60%of
(60%of tmpact | impact angle) OK impact angle) OK
angle) OK
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Figure1 Fundamental Design (prepared by Designer Ono)
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FIGURE 2 Structure of the test specimen

TRB 2004 Annual Meeting CD-ROM

—145 —

13

Test No.1

Test No.2

Test No.3

Original paper submittal — not revised by author.



Koichi Amano, Kazuhiko Ando, Noboru Ito, Hiroshi Matsuda ] 14

FIGURE 3 Dropping Situation of a Photographic Crossbeam
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FIGURE 4 Structure of the test specimen (Test No.1,2,3)
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(After)

FIRE 5 Route 45 Matsushima Quarter (Befo) -
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FIGURE 6 Route6 Hattachi Quaer (Before)

(After)
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After)

FIGURE 7 Rote 7 Atusmi Quarter (Before)
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