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1 INTRODUCTION

1.1 ADB Regional Technical Assistance Project

technical assistance project (RETA 5620: Regional Initiatives in Road Safety) under
Asian Development Bank (ADB) Contract No. 95-367. A companion book, Road Safety
Guidelines for the Asian and Pacific Region, isintended as a source of reference and guidance
to the region’s senior decision makers with responsibility for road safety.
Analysis of available data shows that VRUs are involved in a high proportion of traffic
accidents in some countries of the Asian and Pacific region. A specific effort was made to try
to quantify the nature and scal e of the road safety problems facing these road users and to

This book on vulnerable road users (VRUS) has been produced as part of aregional

- ..i:‘,: _'_.' o

Plate 1.1 (above): Pedestrians exposedtoriskin
the traffic stream.

Plate 1.2 (right): Vehiclesin conflictinthe
People’s Republic of China (PRC).

Plate 1.3 (below): Typical cycle-rickshaw in
Bangladesh.
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identify examples of good practice in provi-
sion of safety facilities for this group. The
definition of vulnerable road users varies
depending on the context of a particular
study. For the purpose of thisvolume, which
addresses the needs of the Asian and Pacific
region, the main focus is on:

1. pedestrians;

2. pedal cyclistsand other
nonmotorized vehicles; and

3. motorcyclists.

This publication has two main objectives,
as follows:

i. totrytoassesstheinvolvement of VRU
groupsinAsia shigh accident rate; and

ii. to identify and summarize general de-
sign considerations of VRU facilitiesin
theregion and, in particular, to identify
successful innovative measures already
inuse.

Although the main focus of thispublication
ison current engineering practices, these meas-
ures in isolation do not necessarily solve all
VRU safety problems. Consequently, comple-
mentary enforcement and educational measures
are also briefly discussed. Because of the lim-
ited availability of detailed data, the publication
is not always able to explore specific casualty
typeswithin each VRU group, such asthevery
young or very old, who may have a higher risk
of being involved in accidents. The publication
focuses most on pedestrian safety, as
pedestrians are the road users at greatest risk
in most countries, and considerable research
and information was available for this group
of VRUs. Serious efforts have been made to
address pedestrian safety. By comparison, the
review of facilities available for nonmotorized
vehicles (NMVs) and motorcycles has been
limited by the lack of attention given to them.

1.2 Structure

Following this introduction, Chapter 2
provides a general overview of the problems
faced by VRUs. Chapters 3 to 5 consider the
road safety situation for each VRU type and
identify appropriate measures to assist each
VRU.

The three main VRU modes discussed here
havedifferent operating capabilities, needs, and

safety problems. Moreover, there has been
much moreresearch into pedestrian saf ety than
NMYV or motorcycle safety. Consequently, the
chapters specificto VRU modes havetaken dif-
ferent approaches. The pedestrian safety chap-
ter has been able to review remedial measures
specific to pedestrians in the region while the
NMYV chapter, of necessity, is restricted to in-
formation and observations that could be col-
lected during the country visits, because little
published information existsonNMYV facilities.

For each VRU group, the collected datais
presented according to six subregional group-
ingsfor the Asian and Pacificregion. Theseare:
the newly industrialized economies (NIEs),
Central Asia, Southeast Asia, South Asia,
Central Asianrepublics, and Pacific devel oping
member countries (PDMCs). The countries
within each of the subregion groups are as
follows:

NIEs
Hong Kong, China; Republic of Koreg
Singapore; and Taipei,Ching;

Central Asia
PRC and Mongolia;

Southeast Asia

Brunei, Cambodia, Indonesia, Lao People's
Democratic Republic (Lao PDR),
Malaysia, Myanmar, Philippines,
Thailand, and Viet Nam;

South Asia

Afghanistan, Bangladesh, Bhutan, India,
Maldives, Nepal, Pakistan, and Sri
Lanka;

Central Asian republics

Armenia, Azerbaijan, Kazakstan, Kyrgyz
Republic, Russian Federation, Tajikistan,
Turkmenistan, Uzbekistan;

PDMCs
11 island nations including Fiji, Papua
New Guinea, Samoa, and Tonga.

The countries shown in bold were visited
by members of the project team in order to col-
lect data, observe traffic conditions, and hold
discussions with local safety specialists and
researchers. A devel oped countriesgroup (Aus-
tralia, Japan, and New Zealand) has been
included for comparison.



VULNERABLE ROAD USERS

2 AN OVERVIEW

2.1 Introduction

easures to assist VRUs through road design and traffic control methods have

been recommended at various international conferences on traffic safety in order

to recognize and reflect the special needs associated with these groups. Facilities
suggested usually include segregating VRUs from motorized traffic and improving the urban
environment through traffic calming techniques and pedestrianization. A recent such
international conference held in New Delhi, India, on 27-30 January 1991 resulted in the Delhi
Declaration on the safety of vulnerableroad users. The recommendati ons and suggestions put
forward in that and other such conferences are supported and expanded in this publication.

2.2 Pedestrians

In the 1970s, research conducted by the
Transport Research Laboratory (TRL) of the
United Kingdom (UK) identified pedestrian
safety as a problem area for developing
countries. Pedestrians, in general, areinvolved
in more accidentsin devel oping countriesthan
in developed countries. While this can be
partially explained by the low motorization
levels in developing countries, traditional
transport planning and traffic management have
generally tended to focus on the safety of
vehicular traffic and have largely overlooked
pedestrians. In addition, there tends to be a
higher percentage of pedestrian trips in the
cities of the developing world due to the
inaffordability of private transport and inad-
equate public transport.

Local conditions do influence pedestrian
safety, as can be seen by casualty age and vehi-
cle types involved. Developing countries have
also been found, in general, to have a higher
percentage of child pedestrian deaths than
motorized countries. While this may be
explained by the population distribution (devel-
oping countries tend to have a much higher
percentage of children), remedia measures must
be designed to reflect the target age group, its
relative youth, and lack of maturity. Commer-

cial vehicles have also been found to have high
rates of involvement in pedestrian accidentsin
devel oping countries. While this may be dueto
their larger share of the vehicle fleet and
increased exposure, remedial measures may
need to be designed specifically to target
professional drivers with little education or fi-
nancial resources, and thetransport operatorsand
commercia vehicle owners who employ them.

2.3 Nonmotorized Vehicles

NMVs such as pedal cycles, cycle-rick-
shaws, animal carts, and handcarts have tradi-
tionally been an essential means of transport-
ing people and goods in the cities and towns
throughout the devel oping world, particularly
in Asia. In recent years, however, they have
come under anincreasing threat that hasled to
their almost complete disappearance in some
major cities in Asia (for example: Calcutta,
Indig and Jakarta, Indonesia). A study com-
missioned by the World Bank and carried out
by PADECO Co., Ltd. in 1995 reports that the
factorsthreatening thefutureof NMVsinAsian
cities are as follows:

a) increased motorization (including thein-
creased use of motorcycles) and a con-
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sequent reduction in street space avail-
able for safe NMV use;

b) increased trip lengths caused by changes
in metropolitan spatial structure;

c) exclusion of NMV needs in urban trans-
port planning and investment programs,
resulting in inadequate facilities for
NMVs;

d) ageneral trend towards moderni zation of
Asian cities that promotes attitudes that
NMVs are “backward”;

€) atendency to believethat NMVsarethe
cause of urban congestion; and

f) excessive and often inappropriate regu-
lation of NMV operation, including limi-
tations on NMV ownership and total or
partial banning of their use.

Experience gained from visits to countries
with high NMV usage during this RETA study
and reported upon by Goodge and Selby dur-
ing asafety seminar sponsored by the ADB and
the United Nations Economic and Social
Commission for Asia and the Pacific (UN/
ESCAP) seminar in Bangkok in 1996 tends to
confirm that these factors are operating
throughout the region.

However, government roads and planning
departmentsin anumber of countries were ob-
served to be providing, or are planning to pro-
vide, facilities specifically for NMVs, or in
conjunction with other vehicles that may be
defined as either slow or two-wheeled. These
facilities provide significant potential for re-
ducing safety and capacity problems.

All NMVs can be considered to be among
the group generally termed “vulnerable road
users.” However, this report will show that in
many countries, their reported accident rates
were observed to berelatively low, particularly
when compared to the statistics for motorcy-
clesand pedestrians.

An exception to the relatively low level of
accidents involving cyclists occurs in certain
cities in the PRC, such as Beijing, where
cyclistsareinvolved in about 70 percent of the
total traffic accidents. Inthe PRC, cyclistsgen-
erally constitute the largest proportion of the
traffic flow in most cities.

Although datafor the separate categories of
NMYV s have been included for the purposes of
this report, it is recognized that pedal cycles,
cycle-rickshaws, and other NMVs al display
differing operating capabilities and thus have

different associated problems. So it should be
noted that any facility should takeinto account
the expected NMV traffic composition during
the design stage.

2.4 Motorcycles

Motorcycles account for alarge proportion
of all motor vehicles in some of the countries
in the Asian and Pacific region. Due to their
comparatively low cost, motorcyclestend to be
the first affordable motor vehicles that can be
purchased and used by young drivers. Unfor-
tunately, theseridershave high-risk thresholds,
limited training and testing, and, obviously, a
lack of experience, all of which contribute to-
wards making them high-risk road users.

Unsurprisingly, accidents involving motor-
cycles tend to be greatest where large motor-
cycle fleets exist relative to the number of mo-
tor vehicles. The continued growth of thisvul-
nerable motorized mode of transport may ac-
celerate motorization and death rates in the

region.

2.5 DataOverview

The extent of the VRU safety problem is
primarily reviewed using data collected under
a parallel UN/ESCAP study. However, data
gathered from local officials during ADB
RETA-related country visits, and from recent
publications, have also been consolidated and
is presented along with the UN/ESCAP data
within the individual VRU chapters. The data
gathered for NMVs as part of the UN/ESCAP
study concentrate on cycle-based two- and
three-wheeled vehicles.

Thus, pedal cycle and cycle-rickshaw data
cannot generally be separated. However, from
alternative sources, the proportional split of the
NMV types has been shown wherever possi-
ble.

Accident datafor the region are summarized
in Tables 2.1 and 2.2, which show that pedes-
trians and motorcyclists are involved in the
majority of fatal and injury traffic accidents.
More than half of all fatal accidentsin Malay-
sia; Singapore; and Taipei,China involve
motorcyclists, while in Hong Kong, China,
more than two thirds of all fatal accidents
involve pedestrians.

Fromthedataavailableto date, cyclists seem
to be involved less frequently in reported
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Table 2.1: Percentage of Fatal Accidents Involving Vulnerable Road Users (1993)
Subregion Country Pedestrian Gd e besd Motorcycle
(percent) vehicle® (percent) (percent)
NIEs Hong Kong, China 67 4 10
Republic of Korea 48 0 7
Singapore 25 8 51
L (@)
Taipei,China 19 6 64
Central Asia People's Republic of China 11? g? 102
(1994)
Southeast Asia | Malaysia(1994) 15? 62 577
Thailand 9 4 na
SouthAsia Sri Lanka 45 17 16
PDMCs Fiji 43 3 1
Developed Australia 19 3 na
Countries New Zealand 15 3 16

na Datanot available.

(1) Includestwo- or three-wheeled cycle-based vehicles.
(2) Datarelate to deaths.

Source: RETA project data.

R RRRRRRRRRRRRTTrI_[I_IXR

Table 2.2: Percentage of Injury Accidents Involving Vulnerable Road Users (1993)

Subregion Country Pedestrian Cycle-based Motorcycle
(percent) vehicle® (percent) (percent)
NIEs Hong K ong, China 35 4(2) 17
Republic of Korea na 0 6
Singapore 17 5 69
Taipei,China 13 5 62
Central Asia People’s Republic of China g® na 742
(1994)
Southeast Asia | Malaysia (1994) 6% 5 577
South Asia Sri Lanka 48 19 26
PDMCs Samoa 37 6 9
Developed Australia 15 7 na
Countries New Zealand 9 9 14

na Datanot available.

(1) Includes two- or three-wheeled cycle-based vehicles.
(2) Datarelate to casualties, excluding deaths.

Source: RETA project data.
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accidents than the other two groups of VRUs.  Penh, Cambodig Surabaya, Indonesig and
Table 2.3 shows the split between vehicle  Chiang Mai, Thailand, it should be noted that
modes owned in selected citiesthroughout the  thereis still ahigh level of cycle ownership in
region. many cities, including Surabaya, and (with the
Although there are high percentages of  exception of Dhaka, Bangladesh) they are the
motorcycles in certain cities such as Phnom  most widely owned NMV s in those cities.

City (Country) Bicycle Cycle- Animal Bus Motor- | Other
rickshaw cart cycle motor
vehicle
Dhaka(Bangladesh) (1990) 10.7 53.3 0.0 13 16.0 18.8
Phnom Penh * 47.1 4.2 0.2 0.0 43.6 4.9
(Cambodia) *
Shangha (People's 95.9 14 0.0 0.3 0.5 19

Republicof China) (1990)

Kanpur (India) (1992) 54.7 35 0.6 0.1 18.6 224
Surabaya (Indonesia)  (1992) 40.1 4.6 0.0 0.3 38.7 16.3
Tokyo (Japan) (1992) 59.9 0.0 0.0 0.1 13.8 26.2
Penang (M alaysia) (1992) 49.6 0.6 0.0 0.0 29.0 20.8
MetroManila * 12.6 0.7 0.0 0.7 8.4 77.6
(Philippines)

Chiang Mai 4.2 0.6 0.0 0.0 72.3 229
(Thailand) (1992)

Hanoi (Viet Nam) (1992) 84.6 0.4 0.0 0.0 10.8 412

]
(*) Unknown year of source.
Source: PADECO Co., Ltd., 1995.
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Plate 3.1:
Incompatible mix of
vehicles and
pedestrians.

Plate 3.2 (far right):
Pedestrians are
often exposed to
danger during

construction work.

3 PEDESTRIAN SAFETY

3.1 Introduction

data before engineering facilities for pedestrian safety are reviewed. Asthe provision of

Pedestrian safety in the Asian and Pacific region is first summarized by accident

facilities a one cannot guarantee appropriate usage and improved safety, this chapter

closes with recommendations on how enforcement and education, and publicity campaigns can
be organized to complement safety engineering efforts and to reinforce safe road user behavior.

Walking accounts for a significant share of all urban tripsin developed countries
(i.e., about athird of urban tripsin the UK). But the inability to afford private transport and
unavailability of public transport result in walking representing a much greater share of urban
and rural tripsin developing countries. While the lessons and experiences can be considered
from developed countries, pedestrian safety programsin the devel oping world must reflect
both the greater demand and the limited resources avail able to address pedestrian mobility and
safety. Accordingly, the measures discussed here will focus on low cost, and thus low risk,
facilities that can be afforded on awide scale and are easily implemented.

3.2 Pedestrian Accident Data

In comparison with other road user groups,
pedestriansareinvolved in asignificant number
of fatal and injury accidentsin numerous coun-
triesinthe Asian and Pacific region (see Tables
2.1and 2.2).

Table 3.1 shows a comparison of these
pedestrian accidents for various countries in
theregion. Overall, Hong Kong, Chinahad the

highest share of pedestrian deaths (two thirds
of al fatal accidents), while pedestrians were
involved in 62 percent of the total fatal acci-
dents reported in Dhaka, Bangladesh, 48 per-
cent in theRepublic of Korea, 45 percent inSri
Lanka, and 43 percent in Fiji.

M alaysia(acountry with alarge motorcycle
fleet) reported pedestrians involved in more
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Subregion Country Fatal accidents Injury accidents
(percent) (percent)

NIEs Hong Kong, China 1993 67 35
Republic of Korea 1993 48" na
Singapore 1993 25 17
Taipei,China 1993 19 13

Central Asia People’ sRepublic 1994 11 na
of China

SoutheastAsia | Malaysia 1994 15" o
Thailand 1993 9 na

SouthAsia Dhaka, Bangladesh 1996 62 32
India 1991 2 2
Nepal 1993 457 16"
Karachi, Pakistan 1993 50 na
SriLanka 1993 45 48

PDMCs Fiji 1993 43 na
Papua New Guinea 1992 33" 15"
Samoa 1993 50 37

na Datanotavailable.
() Datarelateto casudties.

Source: RETA project data.

than 20 percent of total accidents, while India
and Thailand reported such an unlikely low
level of pedestrian accident involvement that
the data should be double-checked.

Table 3.2 shows that the majority of pedes-
trian casualties occurs among those of working
age. In Malaysia, older teenagers (age 16-20)
were the second largest pedestrian casualty
group compared to Fiji and Papua New
Guinea, where those under 15 were the sec-
ond largest pedestrian casualty groups.

The pedestrian accident severity ratios,
based upon the number of fatal accidentsrela-
tivetoinjury accidents, vary widely, as shown
inTable 3.3.

Whilehigh ratios are found in the urbanized
economies of Hong Kong, China; and Singa-
pore, theratio for Dhaka, Bangladesh, was sus-

piciously low. India's ratio was also low
compared to Samoa and Sri L anka. Thetypical
equivalent ratio in the UK is 46 pedestrian in-
jury accidentsreported for every one pedestrian
fatal accident reported.

Too many countriesare not yet ableto even
determine their pedestrian accident involve-
ment rates.

Given these countries’ low motorization
levels, vulnerable walk trips are likely to
dominatetravel patterns, with pedestriansrep-
resenting a large, if not the majority, share of
road accident victims.

It is, therefore, highly likely that a signifi-
cant amount of underreporting of VRU road
accidents also occursin developing countries.
The severity ratios aboveimply that substantial
numbers of pedestrian injury accidents are not
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Table 3.2: Age Distribution of Pedestrian Casualties

Source: RETA project data.

Table 3.3:

Dhaka,
Bangladesh
(1993)

Hong Kong,

China
(1993)

India
(1991)

Samoa
(1991)

Singapore
(1993)

Age Fiji (1992) M alaysia(1994) Papua New Guinea (1992)
Death Injury Death Injury Death Injury
(percent) (percent) (percent) (percent) (percent) (percent)
Under 15 16 10 11 10 24 16
16-20 7 14 21 24 9 13
21-60 67 63 58 62 65 70
Over 60 10 3 10 4 1 0

Ratio of Pedestrian Fatal Accidents to Pedestrian Injury Accidents

SriLanka
(1993)

1:0.7

1:24

15

1.9

1:15

111

Source: RETA project data.

being reported in the accident data systems.
(However, some of the difference may be ex-
plained by poorer emergency medical services,
which would result in a higher proportion of
victims dying in developing countries in com-
parison to thosein developed countries.)

Available statistics have been analyzed for
a number of countries and recent trends in
pedestrian casualties are summarized (by
country) below. It should be noted that in some
cases, dataareavail ableonly onthe percentages
of deaths while in other cases it is available
only as apercentage of fatal accidents.

Although not directly comparable (asingle
traffic accident could cause several deaths), the
data on percentage of fatalities or percentage
of fatal accidents do give some ideaof relative
importance of pedestrian deaths.

a) NIEs

Hong Kong, China
67 percent fatal accidents,
35 percent injury accidents

In 1993, 336 road accidentsinvolving deaths
and more than 15,000 road injury accidents
occurred in Hong Kong, China, with pedestri-
ans involved in 224 fatal accidents and 5,281

injury accidents. Pedestrians accounted for two
thirds of all fatalities. While the number of fatal
accidentsinvolving pedestrians hasfluctuated
over recent years, injury accidents declined by
more than 15 percent between 1987 and 1993
to make up 35 percent of total injury accidents.

Republic of Korea
48 percent fatal accidents

In the Republic of Korea, pedestrians ac-
counted for almost half of all road accident
deaths in 1992 (5,542 of 11,640). This repre-
sented asmall decrease from the previousyear
when pedestrian deaths amounted to 6,441 and
comprised more than 52 percent of the total fa-
talities (see Lim, 1993).

It should be noted that the proportion of
pedestriansinvolvedinfatal accidentscontrasts
sharply with those of the ESCAP data. The
datareport that only 1 percent of deathsinvolved
pedestrians in the Republic of Korea, whichis
an unrealistically low figure, while a paper by
Pyong Nam Lim at the 1993 Conference on
Asian Road Safety (CARS) reported the above
figures.

Furthermore, morethan half of all pedestrian
casualties occur among those of working age
(21-60) while another 30 percent involve
children (15 or younger).
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Singapore
25 percent fatal accidents,
17 percent injury accidents

In 1993, Singapore reported 241 fatal acci-
dents and 5,559 injury accidents, with pedes
trians involved in 61 fatal and 930 injury acci-
dents. Pedestrian casualties have been decreas-
ing in absolute number and relative share of
total casualties.

Between 1970 and 1986, they dropped from
3,250 to 1,293 — i.e,, from 32 percent to 15
percent of all casualties.

Pedestrian deaths decreased even more
significantly with only 69 pedestrianskilled in
1986 (28 percent of the total fatalities)
comparedto 131in 1970 (46 percent of thetotal
fatalities).

In Singapore, adults over the age of 60
account for half of all pedestrian deaths.

Taipei,China
19 percent fatal accidents,
13 percent injury accidents

In 1993, 2,068 road accidents involving
deaths were reported (along with 628 reported
injury accidents), equal to a decline of more
than 40 percent since 1989. Pedestrian acci-
dents have been reported to be decreasing in
recent years with only 393 fatal pedestrian ac-
cidents in 1993 compared to 829 in 1987 and
only 79 pedestrian injury accidents compared
t0 914 in 1986.

The unredlistically low pedestrian injury
accident figure brings the accuracy of the data
into question.

b) Central Asia

PRC
11 percent fatal accidents

The 1995 China National Road Accident
Statistics report shows that in 1994, pedes-
trians accounted for 11 percent of the PRC’ s
66,362 road accident deaths, while aTrans-
portation Research Record (TRR) articlere-
ported that cyclists and pedestrians
accounted for 60 percent of the country’s
deathsin 1992.

In Beijing, pedestrianswerereported asrep-
resenting almost 16 percent of road accident
deathsand nearly 13 percent of injuriesbetween
1981 and 1985 (see Navin, 1994).

10

c) Southeast Asia

Malaysia
15 percent fatal accidents,
9 percent injury accidents

The 1994 Malaysia Statistical Report on
Road Accidents provided details of the coun-
try’ sroad accidents and related casualties. Out
of 5,159 road accident deaths and 43,344 inju-
ries, pedestrians accounted for 780 (15 percent)
and 4,083 (9 percent), respectively.

Malaysia, with the second highest motor
vehicleownership level (because of the number
of motorcycles) among the developing coun-
triesin the Asian and Pacific region, does not
appear to have a serious pedestrian accident
problem. Y et since 1987, pedestrian casualties
have increased significantly with deaths up by
73 percent, and serious injuries by 61 percent,
although slight injuries increased by only 10
percent. Between 1986 and 1988, pedestrians
accounted for 15 percent of total casualties
conpared to the current rate of 10 percent, im-
plying that the accident involvement rate for
other road user casualty groups is increasing
even faster than for pedestrians.

One third of all pedestrian casualties in
Malaysia involve those under the age of 11,
whilethe peak ageisbetween 6 and10, agroup
inwhich 23 percent of all pedestrian casualties
occurred. Total casualties (all modes) peak | ater
(age 16-20) with only 6 percent of total casual-
tiesinvolving those under 11 years old.

Thailand
9 percent fatal accidents

Almost 85,000 road accidentswere reported
tothepolicein Thailandin 1993, of which 9,496
involved adeath and 25,330 involved aninjury.
The 898 pedestrian fatal accidents reported
represent morethan adoublinginthepast three
years and an eightfold increase since 1988.
However, thisnumber representsonly 9 percent
of the total fatal accidents.

d) South Asia
Bangladesh
Dhaka: 62 percent fatal accidents,

32 percent injury accidents

Accident data are not collected by casualty
class and so the number of pedestrian casual-
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ties nationwide is not known. In Dhaka, a re-
view of the police’s 1992 First Information
Reports concluded that pedestrians accounted
for 60 percent of all deaths. TRL's Microcom-
puter Accident Analysis Package (MAAP) was
introduced in a pilot project in Dhaka in 1995
and has been operational throughout the city
since January 1996. Preliminary findings indi-
cate pedestriansaccounted for 152 (61 percent)
of the 249 deaths, 83 (31 percent) of the 265
serious injuries, and 42 (16 percent) of the 262
slightinjuries. Pedestrianswereinvolvedin 143
of the 230 fatal accidents (62 percent) and 98 of
the 306 injury accidents (32 percent) reported.

India
Up to 60 percent road deaths

In 1992, 285,900 road accidents were re-
ported with 59,720 involving deathsand 276,747
involvinginjuries. Although pedestriandataare
unavailable for 1992, 1991 figures show that
pedestrian involvement in accidents amounts
to 2 percent of all deaths and injuries. Pedes-
trian injury accidents have been reported to be
declining from 9,014 in 1984 to 5,091 in 1991,
while pedestrian fatal accidents have been re-
ported to be decreasing from ahigh in 1985 of
1,176 to 982 in 1991. The Road Safety Digest
estimated pedestrian deaths to represent be-
tween 35 percent and 40 percent of total road
deaths in metropolitan cities in India and pe-
destrian deaths have been found to be as high
as60 percent of India stotal road deaths (Road
Safety Digest, 1995). Hence the extremely low
percentage of nationally reported pedestrian
accidents must be questioned.

Nepal
45 percent fatal accidents,
16 percent injury accidents

Since 1995, Nepal’s traffic police have be-
gun to collect national details on each injury
road accident and have found that during Feb-
ruary and March 1996, pedestrians accounted
for 49 (45 percent) of 109 deaths and 83 (16
percent) of 505 injuries. Pedestrian deaths
accounted for morethan athird of all pedestrian
casualties.

MAAP was recently introduced in
Kathmandu and on an adjoining highway. The
first accident summary reported pedestriansto
be involved in 44 percent of all accidents and
52 percent of deaths in Kathmandu in the last
half of 1995. On the Naubise-Mugling section
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of the Prithivi Highway, pedestrians were
involved in 48 percent of all accidents.

A six-month study into seriousbusaccidents
(i.e., those involving injury) found a total of
235 serious bus accidents, 107 of which in-
volved pedestrians. Of the 234 deaths caused
by bus accidents, pedestrians accounted for
61 and 131 of 1,164 injured (11 percent). Thirty
percent of thefatal pedestrian busaccidentsoc-
curred at night.

Pakistan
Karachi: 50 percent fatal acidents

No national pedestrian accident data were
available for Pakistan, but Karachi, with the
only computerized accident reporting system
(MAAP) in the country, was able to provide
some pedestrian accident statistics. Pedestrians
accounted for 50 percent of all casualties and
50 percent of all deaths, although a high per-
centage (47 percent) of pedestrian casualties
were deaths. In 1991, 84 percent of all pedes-
trian casualties were male and 29 percent were
under the age of 16.

More than 70 percent of pedestrian deaths
occurred while crossing the road and 87 per-
cent occurred away from junctions. Only 4 per-
cent of pedestrian deaths happened whilewalk-
ing in the road and 28 percent of all pedestrian
deaths occurred during the hours of darkness.

Sri Lanka
45 percent fatal accidents,
48 percent injury accidents

A total of 1,346 fatal road accidents and
13,986 injury accidentswerereportedin 1993in
Sri Lanka. Pedestrian fatal accidents have
fluctuated in the past five years and 603 were
reported in 1993 compared to 627 in 1988,
whilepedestrianinjury accidentsreached ahigh
of 6,743 in 1993, an increase of more than 30
percent in the last five years. Pedestrian fatal
accidents make up 45 percent of the total fatal
road accidents while pedestrian injuries make
up 48 percent of thetotal injury road accidents.

e) PDMCs
Fiji
43 percent fatal accidents

In 1993, there were 34 pedestrian deaths,
154 serious injuries, and 216 slight injuries.
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The most recent accident statisticsfor Fiji iden-
tified the peak age group for pedestrian casu-
alties as between the ages of 6 and 10 (20 per-
cent of all pedestrian casualties, yet only 8 per-
cent of total casualties). Four out of every five
pedestrian casualties under the age of 11 were
hit while crossing the road, with 15 percent
occurring while using a pedestrian crossing.

The younger pedestrian casualties had a
much better survival rate as only 6 percent of
casualties under the age of 16 died, while 83
percent of the pedestrian casualtiesover theage
of 60 were fatal (Fiji Road Accident Statistics,
1994).

Papua New Guinea
33 percent fatal accidents,
15 percent injury accidents

In 1992, pedestrians accounted for 88
deaths, 210 serious injuries, and 142 slight in-
juries caused by road accidents. Pedestrian
shares of total casualties have remained stable
over the past five years, despite pedestrian
deaths decreasing by 13 percent to 33 percent
of thetotal deaths, and pedestrian seriousinju-
ries decreasing by 26 percent to 15 percent of
the total injuries.

The reductions are similar to the 1987-1992
overall decreaseintotal casualties. Papua New
Guinea pedestrian slight injuries were reported
to beonethird lessthan the pedestrian serious
injuries and 17 percent of all pedestrian casu-
alties were deaths.

One third of all pedestrian casualties in-
volved children (15 years or younger) in 1992.
Pedestrian casualties peaked in the age group
6 to 10, accounting for 19 percent of all
pedestrian casualties, and half of all casualties
occurred between the ages of 16 and 30.

A recent TRL publication, Pedestrian Acci-
dents and Road Safety Education in Selected
Developing Countries, presented pedestrian
accident and casualty data from Papua New
Guinea in 1992. Findings included 44 percent
of pedestrian deaths occurred during road
crossings, compared to 36 percent whilewalking
intheroad.

Of the latter, two thirds were reported to
have occurred when the victims walked with
their backs to traffic. The majority of pedes-
trian deaths (82 percent) occurred away from
junctions, with 59 percent killed in rural areas
and 29 percent at night. Males accounted for
66 percent of all pedestrian casualties (see
Sayer and Downing, 1996).
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Samoa
50 percent fatal accidents,
37 percent injury accidents

In 1993, Samoa had five fatal accidents and
45 injury accidents involving pedestrians, ac-
counting for half of the 10 total fatalities and
morethan onethird of the 122 injuriesreported.

3.3 Pedestrian Facilities

All countries visited provided a range of
pedestrian facilities and while, in most cases,
the overall provision was considered to be in-
adequate, there were often good examples
worth considering for use by other countries.
The more industrialized countries typically
have had a longer history of catering for pe-
destrians. Some good and bad examples of
measures and facilities are described below.

Pedestrian facilities attempt to balance the
competing needs of pedestrian saf ety and con-
venience, and vehicle movements. There will
always be atrade-off between these needs, and
evaluation isnecessary to assessthe effective-
ness of the various levels of provision. Thefol-
lowing sectionillustratesthe kinds of measures
that can and have been implemented to assist
pedestrian safety.

However, given thelimited transferability of
other countries’ findings and insufficient
accident data, the effectiveness of pedestrian
facilities and remedial measures should be
closely monitored.

Japan, faced with aserious pedestrian saf ety
problem in the 1970s, attempted to redress the
balance and undertook intensive construction
of pedestrian facilities.

Between 1971 and 1981, zebra crossings
increased more than fourfold to 573,000, while
grade separated pedestrian crossings almost
doubled to 178,000.

Footpaths (and bicycle lanes) were also
greatly expanded from 26,200 kilometers (km)
to 92,700 km. Rather than concentrate
exclusively on hazardous|ocations, Japan took
a proactive approach to improving pedestrian
mobility and provided off-street playgrounds
for children, junction channelization, and by-
passes (see Koshi, 1984).

This approach has since been recom
mended for devel oping countriesinthe Asianand
Pacific region, as the extent of pedestrian
accident involvement justifies prompt action
(see Koshi, 1996).
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a) Roadside facilities

(i) Footwayson urban roads

As modal segregation offers the best pro-
tection for pedestrians, footways are necessary
to provide pedestrians with an alternative to
sharing the carriageway with vehicles. Yet de-
spite the heavy reliance on walking in devel op-
ing cities, footpaths often do not receive prior-
ity and are constructed only if adequate space
isavailable after the necessary road width has
been provided. Aspedestrian countsarerarely
conducted, the justification for additional or
widened footpathsis rarely documented.

Dhaka, Bangladesh, offers a good example
of how pedestrian flows are not given adequate
attention. Although six out of every ten trips
areby foot (and another two by rickshaw), only
half of thecity’ sthree- and four-laneroadshave
footways. A recent United Nations Develop-
ment Programme (UNDP) traffic management
study found only two out of the six junctions
with the highest traffic flows had footways on
all approaches, while 80 percent of the
recommended junction designs included foot-
way widening or improvements. This implied
that only 20 percent of junctions studied were
thought to have adequate footway facilities (see
Dhaka Integrated Transport Study [DITS],
1994). In Beijing, PRC, inadequate footwaysin
the mid-1980s led to carriageway edges being
railed off for pedestrians.

Begun in the late 1970s, the Calcutta, In-
dia Traffic Engineering Project aimed to give
equal emphasisto footwaysand carriageways.
Surveysof walk speed, density, and flow were
conducted during peak and off-peak hours at
20 sites in Calcutta. A minimum design den-
sity of 42 pedestrians per minute per meter (ped/
min/m) was recommended (equal to a density

of 0.6 pedestrians per square meter [ped/n¥])
while the desirable density standard was 23
ped/min/m (density of 0.3 ped/n¥). These val-
ues are similar to the density used in Beijing,
PRC, of 40 ped/min/m. The City Roads De-
sign Principles published by the Beijing City
Design Committee also recommended a
minimum footway width of 3.5 meters(m) with 2
m for thefootway, 0.8 m for the outer verge,
and 0.7 m for theinner verge (Martin Voorhees
and Associates[MVA], 1986).

Given the demands on prime urban space
for economic and social activities in develop-
ing countries, footways need also to be main-
tained for pedestrian usage if they are to mini-
mize conflict with vehicles on the carriageway.
While maintaining footways and removing
obstructions and encroachment will bedifficult,
priority locations such as the busiest
junctions or known accident black spots should
beO kept clear of obstructions so that
footpaths are available for pedestrians.

Footways should not be allowed to be used
asparking space. Although authorized parking
israrely provided in developing cities, parking
should be restricted to roadway space and no
vehicles, including two-wheelers, should beal-
lowed to park on the footway. While footways
are often required to accommodate street fur-
niture, amore recent threat has been from plan-
tation boxes whose amenity value is thought
tojustify theintrusion and reduction of footway
space availablefor pedestrians. Visibility prob-
lems, however, can also result, with bushes
masking pedestrians and restricting pedestri-
ans’ vision.

(ii) Footpathsalong rural highways

While footways are almost exclusively con-
sidered for urban locations in motorized coun-

Footway Average Pedestrian flow per day
daily traffic Design speed or speed limit Design speed or speed limit
(60-80 km/h) (80-120 km/h)
Oneside 400-1,400 300 200
more than 1,400 200 120
Both sides | 700-1,400 1,000 600
more than 1,400 600 400

Source: CSIR, Pedestrian Facilities Guidelines, 1992.
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Plate 3.3:
Lack of footway
provision on aroad

bridge in New Delhi,

India.
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tries, thereliance on walking in devel oping coun-
tries often necessitates siting pedestrian
footwayson rural highways. Table 3.4 presents
South African design criteriafor paved pedes-
trian footways outside urban areas.

The South African manual alsorecommends
rural footways of a minimum width of 1 m and
1.5 min periurban areas. Footways should be
separated from the roadway by at least 3 m
where possible, and wherefootwaysarelocated
on sharp bends, guardrails may need to bein-
stalled.

Pedestrian needswere not considered in the
original planning stage of the Highlands High-
way in Papua New Guinea, but as the road is
heavily used by pedestrians, the Department of
Transport has since contributed to thefunding
of a 13 km footway pilot project. After 5 km of
footways had been constructed, two thirds of
pedestrians surveyed chose to use the unseal ed
1 m wide footway located alongside the drain-
age ditch rather than the sealed road. Prelimi-
nary analysis of accident dataindicated that an-
nual pedestrian accidents had decreased by 50
percent along that section while increasing at
the control sites without footways by 40 per-
cent (see Hillset al., 1991).

In Nepal, a road improvement project
funded by the Overseas Development Admin-
istration (ODA) of the UK has proposed using
the diversion road (located at the base
of theembankment) for pedestrian movements. The
diversion road would be made permanent and
sealed asajoint 3 m wide footpath and ox cart

path. Thetotal cost for converting 14 km of the
diversion road was estimated at about
US$70,000.

Theprovision of footpaths adjacent to shade
trees along rural highways has also been pro-
posed in Nepal. To encourage pedestrians away
from the road shoulders, a sealed 1.5 m foot-
path has been recommended along the high-
way near factories. Footpaths must be sealed,
otherwise pedestrianswill prefer towalk onthe
carriageway. Since factories operate 24 hours
aday, an alternative to the road shoulder will
be especially helpful for pedestrian safety at
night.

Highways should also continue footpaths
over any bridge encountered (minimum 1.2 m
footway width on bridge). This is particularly
important because many bridgesin devel oping
countries are narrower than the approaches and
accidents often occur near or on bridges. Plate
3.3 showsabridgelacking afootway, creating
the potential for conflict. If the flow of
pedestrians issignificant anditisnot possible
to mark off an area of the bridge for pedestrian
use, consideration should be givento provid-
ing a separate wooden walkway beyond the
bridge parapet by cantilevering out from the
existing bridge.

(iii) Shoulders

Where pedestrian traffic is significant but
insufficient to justify a footpath, hard shoul-
ders should be sealed in order to provide a
smooth compacted surfacefor pedestrians, as
a comparable but preferable alternative to the
paved roadway. Edge lines should also be
marked to provide pedestrians with a visual
cue of where the shoulder ends. Colored
shoulder surface treatment is unlikely to be
affordable, but high quality and durable edge
line markings should be marked and
mai ntained to define the safe areas for pedes-
trians.

(iv) Pedestrian precincts

Pedestrianized areas are rarely found in the
Asian and Pacific region despite high pedestrian
densitiesand the predominant share of walk trips.
Rare examplesinclude the redesign of road space
and serviceareasfor the convenienceand safety
of pedestrians at two rail stationsin Mumbai,
India in 1982. In the PRC, some pedestrianized
streets allow pedal cycle access at certain
times of theday. Although not anideal situation,
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Plate 3.4:
Pedestrian street in
the PRC. Note
vehicles excluded
for certain times of
the day.

Plate 3.5: A
pedestrian crossing
passing over six lanes
of traffic in New Delhi,
India.
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shared cycle use of pedestrianized streetsispref-
erableto forcing the NMV sto use dangerous al-
ternative routes where they may be in conflict
with motorized vehicles.

Pedestrian precinctsimprove safety asthey
tend to be free of accidents. However,
pedestriani zation holdslimited potential for im-
proving overall pedestrian safety in the devel-
oping world.

b) Crossing facilities

Asthe majority of pedestrian accidents oc-
cur whilecrossing aroad, the need for safe and
efficient pedestrian crossing facilities could
arguably be the most important pedestrian
safety factor.

(i) Pedestrian refuges

Pedestrian refuges
are a common pedes-
trian crossing feature
in developed coun-
tries, yet they are
rarely used in the de-
veloping countries of
the Asian and Pacific
region. In South
Africa, a properly
designedrefugeisland
is assumed to reduce
pedestrian risk by 50
percent (see Centrefor
Scientific and In-
dustrial Research
[CSIR], 1992).

Where pedestrian
and vehicleflowsarein-
sufficient to justify
controlled crossings or
dualization, pedestrian
refuges allow pedestri-
ansto crosstheroadin
two stages. Pedestrians
should not have to
cross more than two
lanes of treffic at atime
without a central median provided for refuge.
Many of the capital citiesin the Asian and Pa-
cific region have wide roads, especialy Beijing,
PRC, and Seoul, Republic of Korea, and would
benefit greatly from the introduction of pedes-
trian refuges to ease the crossing problems of
pedestrians.
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In Bangkok, Thailand, pedestrian crossing
noncompliance wasfound to be greater on two-
way roadsthan on one-way roads (no relation-
ship wasfound between pedestrian demand and
noncompliance) but thiswas believed partially
due to the pedestrian refuges located on two-
way roads (pedestrian refuges are not provided
on one-way roads). Pedestrian compliancewas
found to berelated to the number of trafficlanes
to be crossed as well as traffic characteristics
(see Jamieson Mackay and Partners [JIMP],
1988).

Pedestrian refuge islands should, wherever
feasible, beat least 2 mwide and preferably be
painted with reflective markings to maximize
conspicuity. Where spacedoesnot allow a2m
refuge, a 1.5 m refuge can be used. In Beijing,
PRC, the standardsare morerestrictivewith a
preferred minimum width of 1.8 m, although
the absol ute minimum width is recommended to
benolessthan1.2m

Pedestrian refuge facilities should be moni-
tored to ensure they are achieving the desired
effect. While the presence of a central refuge
may reduce vehicle speeds (by narrowing road
width) and simplify the decision making proc-
ess (fewer lanesto cross and |ess approaching
traffic), it subsequently doubles the number of
judgment calls required and pedestrian saf ety
improvement should not automatically be as-
sumed.

Central refuges can be designed to allow a
staggered crossing, which would guide pedes-
triansto face oncoming traffic before they com-
plete the second half of the crossing. However,
staggered crossings can cause difficulty for
people walking with a bicycle and are not rec-
ommended for joint pedestrian/cyclecrossings.

(ii) Medians

The benefits for pedestrians from medians
are rarely appreciated. Where crossing move-
ments are uncontrolled (asin the vast majority
of roadsin developing cities) and where kerbed
medians are used, the design should be pedes-
trian-friendly and avoid introducing unneces-
sary obstacles or risks to pedestrians. For ex-
ample, in Dhaka, Bangladesh, where narrow and
round-topped medians have been used on
the primary roads, they have added to the pe-
destrian crossing challenge. Trees have also
been planted al ong some medians, causing vis-
ibility problems.

In Beijing, PRC, the few central medians
provided are usually too narrow at only 1 m to



Plate 3.6: A wide
pedestrian crossing
without central refuge
inthe Republic of
Korea. Note the
vehicleis not giving
way to pedestrians.
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1.5 m wide and often are built from barriers
that provide no storage width. Medians con-
structed from low-concrete blocks providelittle
protection from traffic. The city’s design
principles recommended a minimum central
reserve width of 2 m, the absolute minimum
allowed at restricted sitesis 1.2 m.

The Central Road Research Institute in In-
diais conducting research into the types of
medians being constructed in New Delhi and
their relative effectiveness. Negative impacts
can arise with dualization as speeds increase.
Dualization has long been credited with im-
proving road safety by separating traffic flows,
preventing head-on collisions, and allowing
pedestrians to use the median to cross in two
stages. However, in some cases, increased
speeds may outweigh the safety benefits. For
instance, a 300 m section of a highway in
Papua New Guinea was upgraded to a dual
carriageway and while head-on, rear-end, and
sideswipe accidentswere reduced significantly,
pedestrian accidents and off-road accidents
doubled. Moreover, while the multivehicle ac-
cident types were minor, the sideswipe
accidents, although smaller in number, involved

Plate 3.7 (right):
Pedestrians having to
cross six lanes of
high-speedtraffic,
with no facilities to
assistthemin New
Delhi, India.

mainly serious and fatal accidents (see Hills et
a., 1991).

(iii) Zebracrossings

Zebra crossings (where pedestrians are
supposed to be granted immediate priority over
approaching vehicles) areprovidedinsomede-
veloping countries, but in the vast majority of
cases, can be quickly dismissed as a token
measure with few, if any, actual benefits. Stud-
ies conducted over the yearsin Dhaka, Bang-
ladesh; Surabaya, Indonesia; Karachi, Paki-
stan; Colombo, Sri Lanka; and Bangkok,
Thailandhave confirmed that almost no driv-
ersstop for pedestrians using crossings (see
Sayer, 1994). While zebra crossings are the
most affordable of formalized pedestrian
crossings, the disrespect shown to them by
pedestrians and driversrendersthem of little
practical use at any cost.

A study conducted more than adecade ago
in the Republic of Koreafound that almost 40
percent of pedestrian accidents occurred on or
near pedestrian crossings (see Ross, 1984). A
recent review of pedestrian facilities in the
Republic of Koreasuggested littleimprovement
had been achieved in pedestrian crossing safety.

While standardized warrants exist for zebra
crossings in motorized countries, in most de-
veloping countries, zebra crossings are deter-
mined on the basis of human judgment. Few
countries consider pedestrian desirelines; i.e.,
the preferred crossing route or the pedestrian
and vehicletraffic flowsthat serve asthebasic
factors for warranting zebra crossings in de-
veloped countries.

Zebra crossings are not considered appro-
priate for heavily traveled roads and many
countries restrict zebracrossingsto roadswith
low vehicle flows. One of the criteria used in
Hong Kong, China for installing zebra cross-
ings s that the flow should be less than 1,000
vehicles per hour. Unfortunately, unprotected
at-grade pedestrian crossings on low volume
roads have been found to be dangerous, as
vehicle speedstend to be high whentraffic vol-
umeislow. In addition, excess road space and
obstructed visibility were found to contribute
to pedestrian accident risk.

The zebra crossings with bad accident
recordsin Hong Kong, China had all been in-
stalled on wideroads (two-laneroads morethan
10 m wide or four-lane roads) where on-road
parking restricted visibility (see Craddock,
1993).



Plate 3.8: Poor
planning of a
pedestrian crossing in
New Delhi, India,
leading to aheavily
plantedverge.
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(iv) Traffic signal controlled pedestrian
crossings

Unlike zebra crossings, signalized pedes-
trian crossings offer the default priority to ve-
hicletraffic with pedestrians allowed to cross
only on signals. Unfortunately, like zebracross-
ings, they are not self-enforcing and rely on
driver compliance with crossing regulations.
In Bangkok, Thailand, surveys found
signalized crossings to have a higher compli-
ance rate (39 percent to 74 percent) than did

police-controlled (20

percent) crossings.
Signalized ped-
estrian crossings are
recommended where
pedestrian volumes
are high and ped-
estrians need to be
platooned to avoid
continual disruption
of vehicle streams.
Pelican crossings

(pedestrian-operated

signal-controlled

crossings) have been
proposed for several
locationsin Nepal due
to this factor. Pedes-
trian phase length is
determined by walk
speed and 1.2 meters
per second (m/s) isthe
common standard
used, although slightly higher valueshave been
used in Beijing, PRC (1.3 m/s) and Bangkok,
Thailand (1.6 m/sto 1.7 m/s).

Pedestrian accident data analysis of Hong
Kong, Chinain 1991 determined that a third
of all pedestrian injuries occurred while pedes-
trianswereon or near (within 15m) asignalized
crossing (see Craddock, 1993). Pedestrian
misuse of the facility was a problem as many
pedestrians chose to cross against the pedes-
trian signal.

Signalized crossings are costly and require
reliable maintenance support, as any opera-
tional problems can quickly cause pedestrians
to lose confidence in the facility. Given the
probability of low driver and pedestrian com-
pliance and the problems of ensuring adequate
maintenance, signalized crossingsarearisk few
developing countries can afford to take.

Theeffectiveness of zebraand signalized pe-
destrian crossings should be evaluated. If pe-
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destrians are not using them and drivers not
respecting the crossing, then thefacility should
either be modified (by adding a guardrail) en-
forced (police controlled), or removed. Pedes-
trian crossings should be used only wherethey
make a difference and not where they lower
the general respect for such measures.

(v) Raised pedestrian crossings

Rai sed pedestrian crossingswereintroduced
in Karachi, Pakistan, in 1987 at three sitesand
compared with two pelican crossingsand three
control sites. Pedestrians then accounted for
more than half of all Karachi’s road accident
deaths and almost three quarters of pedestrian
casualtiesoccurred during road crossings. Sur-
veys showed that few vehicles stopped for pe-
destrians on the designated crossing and that
while drivers were aware of the pedestrian
crossing regulations, they choseto violate them.

In addition to forcing driversto stop for pe-
destrians, raised pedestrian crossings had the
potential benefits of:

reducing approach speeds, which re-
duced the likelihood of an accident and
the relative injury severity of any acci-
dent that did occur. Pedestrian judgment
perception would al so benefit as safe gap
misperception increases sharply with ve-
hicle speed;

increased pedestrian usage, as the
crossing would be an extension of the
footpath and at the same level, unlike
other crossing points on the road; and

increased visibility and conspicuity, as
pedestrian height israised and so they are
more easily visible to drivers.

The recommended layout of thecrossingin-
cluded atriangular warning sign proceeded by
two sets of road humps of increasing height
followed by araised zebra crossing of further
increased height. Unfortunately, in implement-
ing the measures the preceding alerting and
warning humps were constructed higher than
recommended while the hump at the crossing
was lower.

Not surprisingly, given the errorsin imple-
mentation, eval uation of the effectivenessfound
mixed results: while accidents were reduced,
insufficient accident data from any previous
period prevented any firm conclusions. While
vehicle approach speeds were reduced by a
greater degree than at the zebra and control
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sites, this might have been more due to con-
gestion than the humps. Despite the reduced
speeds, the stopping behavior of drivers was
not improved — less than 1 percent of drivers
chose to stop for pedestrians using the cross-
ing. At the raised crossing that performed the
worst, resurfacing removed the markings and
amost certainly contributed to the lack of im-
pact on driver behavior.

Although driver compliance remained low,
speeds were reduced to below the critical level
of 30 km/h (average speeds at the rai sed cross-
ings were between 20 km/h and 25 km/h) at
which pedestrians are expected to suffer only
dlight injuries. With a heavy commercial vehi-
cleflow, reduced speeds are even more impor-
tant for pedestrians.

Thereis, however, the disadvantage of driv-
ers having to reduce speed for the crossings
(average delay ranged from a few seconds for
motorcycles to 40 seconds for buses at one
site), whether or not pedestrians are using the
crossings. As with all types of uncontrolled
crossings (such as zebracrossings), raised pe-
destrian crossings are not appropriate for roads
with heavy or fast vehicle flows, or where pe-
destrian flow is heavy and could cause a con-
tinual source of disruption to vehicular traffic.

Rai sed pedestrian crossings have been used
successfully inFiji onrelatively low flow roads
and are common in traffic calming schemes in
developed countries.

(vi) Grade separated pedestrian crossings

Withtheincreaseintrafficlevels (both vehi-
cleand pedestrian) and lack of compliancewith
pedestrian crossings, pedestrian overpassesare
being used more often as they can accommo-
date pedestrians without interference from
vehicle flows. The recent Sixth Malaysia Plan
funded the construction of 29 pedestrian
overpasses, and permanent and temporary steel
footbridges are being constructed in Dhaka,
Bangladesh, and Kathmandu, Nepal .

Overpasses will not be used if they are per-
ceived torequirelonger traveling time. So guard-
rails are often required to prevent more con-
venient (but more dangerous) at-grade cross-
ing. Utilization of pedestrian overpasses in
M alaysiaranged from under 3 percent to more
than 96 percent, but no information was given
on the presence of guardrails.

A 6.5 m high pedestrian overpass was con-
structed outside aboys’ school in Karachi, Pa-
kistan, and to promote usage, 1.5 m guardrails
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were put up on the central reservation and for
150 m along each side of the road. Despite
these measures, surveysfound more than two
thirds of pedestrians crossed at grade level by
either climbing over or finding gaps in the
guardrails. It was estimated that crossing on
the overpass took 12 seconds longer (total 45
seconds) than crossing at grade. The low
vehicleflowswerethought to have contributed
to the attraction (low-risk perception) and the
prevalence of at-grade crossing. No before/after
accident data was provided (see Sayer and
Baguley, 1994).

Pedestrian desire lines (mentioned earlier)
need to beconsidered carefully, astrade-offsoften
will exist between alternative overpasslocations.
In Dhaka, Bangladesh, apedestrian overpasswas
constructed near the airport entrance. While the
overpass was specifically located to access the
airport railway station and the designated bus
stop, pedestrianscross at the nearby roundabout,
which has no pedestrian facilities but connects
with the highway. Buses choose to stop along
the road for such passengers. Other Dhaka
overpasses were constructed finishing on the
nearside of the road with pedestrians required to
cross busy roadsto access the main road or local
developments (see DITS, 1994).

Underpasses are less common as they are
more costly and in the subcontinent frequently
suffer flooding. Dhaka has been constructing
three underpasses, although no public
consultation was conducted and both utility and
flooding problems have been encountered.

(vii) Junctions

According to available data, it appears that
most pedestrian accidents occur away from
junctions. Whilethismight be dueto dispersed
crossing demand, the lack of pedestrian con-
sideration generally shown at junctions gives
pedestrianslittleincentiveto go out of their way
to cross at a junction.

Crossings should be marked across all ap-
proaches (except at T-junctions where they
should be marked across two approaches) and
should bethewidth of thefootpath. Pedestrian
crossing locations must be carefully considered
asthey are often sited in awkward places, ob-
structed by trees or street furniture. As shown
in Plate 3.9, poor guardrail placement can also
obstruct pedestrian movement.

Beijing, PRC, uses agenerous standard of
2,700 ped/h/m as the capacity of a pedestrian
crossing, and wide pedestrian crossings have



Plate 3.9:

Barriers erected to
prevent motor
vehicles parking on
the footway obstruct
pedestrian access
to theroad.
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been constructed at junctions, which have
moved the vehicle stop line back. As pedestri-
ansdo not alwaysrequire the full width, driver
violations often occur and a revised value of
between 4,000 ped/h/m and 5,000 ped/h/m has
been recommended with crossing widthsof 2.5m
instead of 4 m. Pedestrian refuges have also
been recommended for junctions to allow a
two-stage crossing,
with the refuge sited
further back wherethe
road is narrower and
vehicle movements
more uniform, but
where pedestrians will
still chooseto use the

refuge.
At junctionsin de-

veloped countries, a
recent measure has
been to extend the

Plate 3.10:
Pedestrian overpass
inthe PRC with
guardrailingto
channel pedestrians
over the bridge.

main road footpath
across the side road
end (i.e., a raised
crossover), requiring
vehicles to change
level, however slight,
to emphasize ped-
estrian priority.

Small radii kerbing
at junction corners
will also help ped-
estrians by restricting
turning speeds, al-
though monitoring is required to ensure large
vehicles do not mount the kerb and encroach
upon pedestrian safe space. In Beijing, asmall
corner radius of 3 misrecommended.

(viii) Traffic signal controlled junction
pedestrian crossings

Pedestrian phases (all red) are extremely rare
and pedestrians often must compete with vehi-
cle movements, especially those turning near-
side. The Calcutta Traffic Engineering Project
(CTEP), India, in the late 1970s recommended
banning left turnswheretheleft turn washeavy;
i.e., more than 200 vehicles per hour.

A recent TRL Overseas Road Note, TheUse
of Traffic Signals in Developing Countries,
summarized the range of pedestrian facilities
at signalized junctions, as shown in Table 3.5.
An all red phase built in to the cycle was dis-
couraged as it would still be red if no pedestri-
answere crossing and would belikely toincite
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driver noncompliance with traffic signals. As
pedestrian movements will tend to be more
critical on one approach rather than being
uniformly distributed, the pedestrian crossing
stage should follow the vehicle stage on the
critical approach.

Pedestrians tend to cross according to traf-
fic movements and perceived risk rather than
the displayed signal. This behavior is heavily
dependent upon being able to predict the ap-
proaching vehicle’'s path and Hong Kong,
China has found the problems detailed bel ow.

1. Asynchronous vehicle movements at a
stop line. Pedestrian crossings are often
located immediately in front of the vehi-
clestoplineand crossing pedestrians may
be hit by a turning vehicle whose ap-
proach is obscured by the lanes of wait-
ing traffic. This situation is worsened
with unsaturated traffic as this encour-
ages pedestriansto crossand allowshigh
vehicle approach speeds. One junction
in Hong Kong, China (approach was
only 20 percent saturated and pedestrian
flow was quite low — one tenth that of
busy shopping areas) had turning move-
ments synchronized with approach
movements and accidents stopped.
Accidents were related to method of
control rather than volumes of
pedestrians and vehicles, and a
synchronistic method of signal control
where vehicle flows are unsaturated
should be avoided.

2. Road widens into a pedestrian crossing.
After turning movements are conducted,
the departure side of the intersection al-
lows through vehiclesto spread out and
not continue straight as expected by
pedestrians.

(ix) Roundabouts

Roundabouts hold mixed potential for pe-
destrians. Whileproperly designed roundabouts
with adequate deflection will result in reduced
vehicle approach speeds, the overall crossing
areaisusually increased.

Pedestrian refuges should be incorporated
with the traffic islands providing
channelization for the vehicles. If no safe and
convenient crossing exists, pedestrians are
likely to choosethe most direct route and cross
on to the center of the roundabout, a behavior
not unknown in most countries in the region.



Plate 3.11: Atraffic
signalcontrolled
junction with a
pedestrian phase.
Notethelack of formal
paved footway leading
tothecrossing
facility.
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Type of facility

Characteristic

No pedestrian signal

Traffic signals, even without signals for pedestrians, can help pedestrians to
cross by creating gaps in traffic streams.
Especially applicable where there are refuges and on one-way streets.

Full pedestrian stage All trafficis stopped.

Demanded from push buttons.
More delay to vehicles than combined vehicle/pedestrian stages.

Parallel pedestrian

stage movements.

Combined vehicle/pedestrian stage often accompanied by banning vehicle

Useful across one-way streets.

Staggered pedestrian
facility

Pedestrians cross one half of the carriageway at atime.
Large storage area in the center of the carriageway required.
Staggered preferably to face oncoming traffic.

Displaced pedestrian
facility

For junctions close to capacity.
The crossing point is situated away from the junction but within 50 m.
Normal staging arrangements as above.

Source: TRL Overseas Road Note 13, 1996.

c) General Design Considerations
(i) Visibility

While visibility obstruction cannot fully ex-
plain or excuse such extreme low levels of driver
compliance, in Bangkok, Thailand, pedestrian
delay wasfound to bereduced where pedestrian
crossings had flashing beacons installed. In
developed countries, zigzag markings on the
approach and exit of zebra and signalized
crossings are used to indicate where motorists
are not allowed to wait, park, or overtake as
they could mask apedestrian using the crossing.
In most developing countries, zebra crossings
do not have any zigzag markings, additional
lighting, or advance warning signs. Road signs
are outdated and small in size and almost never
reflectorized.

(i) Lighting

Visibility is a basic requirement of al pe-
destrian crossings and studies in developed
countries have shown that lighting of even a
modest standard can reduce nighttime acci-
dents on all-purpose main roads by about 30
percent. While pedestrian accidents in the
region appear to have alow nighttimeinvolve-
ment rate, this could be dueto reduced report-
ing priorities or opportunities. Furthermore,
nighttime accidents may be overrepresented in
terms of trips but not appreciated due to lack
of count data. All grade-level pedestrian
crossings (mid block and junction) should be
checked for adequate lighting.

Supplemental lighting may be required to
ensure the whole crossing is properly lit and the
pedestrian does not walk in the shadow.
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Plate 3.12: A
confusing pedestrian
crossingarrangement
atamajor junctionin
New Delhi, India.



Plate 3.13:

Visibility of
pedestrians,
especially children,
has been markedly
improved for nearside
driversinthe UK,
where special “see-
through” fencing such
as Visirail, has been
used

| —

bandiing

Plate 3.14: An
exampleofa
pedestrian crossingin
New Delhi, India, with
centralguardrailing.
Note, however, the
narrowcentral
median.

VULNERABLE ROAD USERS

(iii) Guardrails

Guardrails are used to direct pedestrians to-
wards safe crossings and away from high-risk
locations. Research conducted three decadesago
in the UK found that the presence of guardrails
onroadswith zebracrossingslocated every 100
yards (92 m) reduced the percentage of
pedestrian crossings between the zebras.

Guardrails should be used at accident black
spotsand to restrain pedestriansfrom crossing
on primary or higher class roads where vehi-
cleflowsshould have priority over pedestrians.
On local roads, guardrails should be restricted
to accident black spotsor vulnerable areassuch
asschoolsor parks. At present, guardrailsseem
to be used primarily with pedestrian
overpasses. Guardrails will need to be higher
than those used in developed countries asthey
should be of adequate
height and design to
prevent pedestrians
from climbing over,
and should be see-
through so they do not
hamper visibility.

3.4
Integrated
Programs

The provision of
VRU facilities does not
guarantee effective
usage and compliance
by VRUs and drivers.
Education and publicity
programs are needed to
improve understanding
and awareness while
enforcement can help
motivate correct be-
havior patterns by per-
suasion (verbal warn-
ings) and punishment.
To maximize the impact through synergy, engi-
neering measuresshouldbecoordinatedwithcom-
plementary education and enforcement campaigns.
Examples are given below.

a) Enforcement

Traffic policing in Asiais characterized by
limited resources and vehicles, but staffing, of

which there is usually no scarcity, can be real-
located to improve pedestrian safety. While
most pedestrian accidents occur at mid-link
crossings, few traffic police are ever assigned
totheselocations, although pedestrian accidents
arethe most common accident typein most cit-
ies in the Asian and Pacific region. In recent
years, road safety has focused on the need to
prioritize the more dangerous moving viola-
tions, but thishasbeen limited to junctionsand
highways and not applied to pedestrian cross-
ings.

Traffic police stationed at junctions rarely
give attention to pedestrians and focus on man-
aging vehicle flows. Traffic police could in-
troduce and enforce turning restrictions so
crossing pedestrians have aclear phase onthe
approaches.

Traffic police could also prevent busesfrom
stopping in junctions, and restrict bus
alightings and departures to designated loca-
tions where pedestrian safety isincreased.

Accident data should be used to identify
traffic police priorities, which would result in
more attention and priority given to pedestri-
ans. Traffic police patrol and point duty
allocation could be used to change staffing fo-
cusviapatrol timesor locations. Traffic regula-
tions should be reviewed to assess the deter-
rence level of the penalty system regarding
pedestrian violations.

ODA is sponsoring aroad safety project in
Nepal under which UK police specialists train
Nepali traffic police in organizing enforcement
campaigns, and pedestrian crossings have been
included.

b) Education and publicity

Education and publicity programs are
needed for pedestriansand drivers. Traffic edu-
cation for children should focus on practical
survival skillsfor everyday situations. Children
should be taught to use footpaths and when
footpaths are not available, they should face
traffic while walking. In Nepal, where foot-
pathsalong rural highways have already been
described as scarce, students are being taught
to stay to theleft of the edgelinewhenwalking
on theroad.

Publicity programs are required to teach the
masses who are beyond schooling but have
never benefited from any road safety educa-
tion. Drivers and pedestrians need to learn
about thevulnerability of pedestrians, how t hey
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account (most likely) for the most common
road accident casualties and how drivers and
pedestrians can take action to reduce accident
risksfor pedestrians.

In Nepal, under the same ODA project
mentioned above, a pedestrian crossing

publicity campaign hasbeen targeted at drivers
and pedestrians. The publicity campaign was
coordinated with the traffic police's enforce-
ment campaign at pedestrian crossings and the
Department of Roads improvement of, and
increasein, pedestrian crossingsin Kathmandu.

Plate 3.15:
Schoolchildren using
araised pedestrian
crossing in Fiji.

Plate 3.16:
Schoolchildren
crossing theroad
outside a school
underthedirection of
aschool crossing
patrol. Note the
barriers at either side
of the crossing.
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4 PEDAL CYCLES AND OTHER
NON-MOTORIZED VEHICLES

4.1 Introduction

to provision of facilities for this group of VRUs. Unfortunately, data and research on

T his chapter reviews safety of NMV s and attempts to identify good practices related

this group are far less readily available than for pedestrians, so the depth of analysis
must of necessity be limited to what the project team has been able to gather during the
project. Although not as complete as the review of pedestrian safety, it isintended that this
chapter will, nevertheless, provide insightsinto how the safety problems of NMV s can be
addressed more effectively in the Asian and Pacific region.

4.2 NMV Accident and Vehicle
Data

From the limited available data, pedal cy-
cles and other NMV's seem to be involved far
lessinroad accidentsthan other vulnerableroad

users (see Tables 2.1 and 2.2). The involve-
ment of two- and three-wheeled cycle-based
vehicles in fatal and injury accidents for
various countries in the Asian and Pacific
region are summarized below in Table 4.1.
Accidentsinvolving cycles appear to be high-

Table4.1: Percentage of Fatal Accidents Involving Cycle-based
Vehicles (Y (1993)
Subregion Country Fatal accidents Injury accidents
(percent) (percent)

NIEs Hong Kong, China 4 4

Republic of Korea 0 0

Singapore 8 5

Taipei,China 6 5
Centra Asia People' sRepublic of China 9(2) na

(1994)

. . (2) (2)

Southeast Asia | Malaysia (1994) 6 5

Thailand 4 na
South Asia SriLanka 17 19
PDMCs Fiji 3 6
Developed Australia 3 7
Countries New Zealand 3 9

na Datanotavailable.

(D Includestwo- or three-wheeled cycle-based vehicles.

(2 Datarelatesto casuatiesat national level.
Source: RETA project data.
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est in Sri Lanka, comprising 17 percent of re- interpretations difficult. However, it was
ported fatal accidents and 19 percent reported  observed that these countries havelow numbers
injury accidents. of NMVs. Although the PRC’s National

There are small numbers of cycle-based  Statistics show NMVsto beinvolvedinonly 9
vehicles involved in accidents in some of the  percent of fatal accidents, research from Beijing
countries (notably Fiji, Republic of Korea  (see Liu, Shen, and Huang, 1995) shows that
Samoa, and Singapor €), making meaningful  cyclists comprise up to 34 percent of those

City Nonmotorized vehicle Motor vehicle
(ex-pedestrian) (percent)

Dhaka (Bangladesh) 51.8 48.2
Phom Penh (Cambaodia) 52.1 47.9
Shanghal (People’'s 87.2 12.8
Republic of China)

Kanpur (India) 55.7 443
Surabaya (Indonesia) 15.6 84.4
Tokyo(Japan) 36.1 63.9
Penang (M alaysia) 6.5 935
Metro Manila(Philippines) 338 66.2
Chiang Mai (Thailand) 2.2 97.8
Hanoi (Viet Nam) 64.3 35.7

]
Source: PADECO Co., Ltd., 1995.

City Type of NMV Period Average annual
growth rate
(percent)
Shanghai (People’'s Bicycle 1980-1990 14.9
Republic of China)
Other NMV 1980-1990 5.3
Kanpur (India) Bicycle 1983-1992 53
Cycle-rickshaw 1983-1992 20
Pushcart 1983-1992 15
Animal cart 1983-1992 -0.7
Surabaya (Indonesia) Cycle-rickshaw 1985-1992 -0.7
Penang (M alaysia) Cycle-rickshaw 1978-1992 -1.2
Chiang Mai (Thailand) Cycle-rickshaw 1978-1992 8.8

e
Source: PADECO Co., Ltd., 1995.
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killed and are involved in as much as 70
percent of traffic accidentsin the city.

While Table 4.1 shows cycle-based vehicle
involvement in accidentsin various countries,
Tables 4.2 and 4.3 permit comparisons of NMV
usage and growth in selected cities of the
region. (Table 2.3 earlier showed NMV own-
ership levelsthroughout the region.) Table 4.3
shows that the trend in Penang, Malaysia, is
that cycle-rickshaws are declining in numbers,
in contrast to thegrowth in the motorcyclefleet
inthecountry. Itisasimilar picturein Surabaya,
Indonesia. Thesetrendsreflect agradual move
away from rickshaws towards motorcycle-
based vehicles. Following thisoverview of the
Asian and Pacific region as a whole, the
detailed accident and traffic data as available
forindividual countriesis presented according
to the regional subgroupings.

a) NIEs

Hong Kong, China
Cycles: 4 percent fatal accidents,
4 percent injury accidents

In 1993, 336 accidentsinvolving deaths and
15,133 accidentsinvolving injuries occurred in
Hong Kong, China, of which 13 (4 percent)
fatal and 556 (4 percent) injury accidents in-
volved cycles. No obvioustrends are apparent
from these low figures other than to show that
cycle accidents are not a big problem.

Republic of Korea
Cycles: about 0 percent fatal
and injury accidents

In the Republic of Korea, cycles were in-
volved in nine fatal and 268 injury accidents
out of thetotal 9,471 accidentsinvolving deaths
and 251,450 accidents involving injuries in
1993. Thetotal number of accidentsinvolving
cyclesisinsignificant, although fatal accidents
involving cycles actually decreased by 74 per-
cent from 1991 to 1993 and injury accidents
decreased by 67 percent over the same period.

Singapore
Cycles: 8 percent fatal accidents,
5 percentinjury accidents

In 1993, 19 fatal accidents and 265 injury
accidents involving cycles occurred in Singa-

pore out of atotal of 241 and 5,559 accidents
involving deaths and injury, respectively. In
percentage terms, cyclists were involved in 8
percent of the total fatal accidents and 5 per-
cent of the total injury accidents. Since 1989,
the number of fatal accidentsinvolving cyclists
hasrisen, along with ageneral increasein their
relative share of the fatal accidents.

Taipei,China
Cycles: 6 percent fatal accidents,
5 percent injury accidents

In 1993, 128 fatal accidents involving cy-
clists were reported out of the total 2,068 fatal
accidents, representing 6 percent of the total.
Thenumber of fatal accidents has decreased at
afairly constant rate since 1990. Only 31 in-
jury accidents (5 percent) involving cycleswere
recorded in 1993 out of the 628 total injury
accidentsrecorded. Thelow injury accident fig-
urescall into question the accuracy of the data.

b) Central Asia

PRC
NMVs: 9 percent deaths
(Beijing cyclists: 34 percent deaths)

The 1995 Chinese National Road Accident
Statistics showsthat in 1994, 5,675 road deaths
involved NMV's, making up only 9 percent of
the total road fatalities. However, a TRRarti-
cle by Liu, Shen, and Huang in 1995 relating
to Beijing reports that cyclists were involved
in 34 percent of accident deaths (1992); fur-
thermore, between 1981 and 1990, about 70
percent of the total traffic accidentsinvolved
cycles.

Analysis of fatal accidents in Beijing re-
vealed that between 1981 and 1992, the aver-
agerate of cycleinvolvement infatal accidents
was more than 30 percent, with a maximum
involvement rate in 1981 of 43 percent and a
minimum level of 25 percent in 1989. Despite
adecreasing trend in cycle involvement in fa-
tal accidents up to 1989, cyclist involvement
in fatal accidents rose to 34 percent in 1992.

Analysis of age-related data for fatal acci-
dentsinvolving cyclistsin Beijing reveal ed that
riders aged over 60 made up only 11 percent of
thepopulation and contributed to only 5 percent
of the trips made. But this group was involved
in more than a quarter of the fatal accidents
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Cause of Accident Involvement (percent)
Unyielding to other traffic 27.0
Sudden turning 26.3
Riding on motorway 16.1
Crossing more than four lanes 85
Riding the wrong way 7.7
Reckless riding 53
Riding with a passenger 1.9
Poor riding skills 12
Riding under the influence 0.9
Others 2.3

Source: TRR No. 1487, article by Liu, Shen, and Huang, 1995.

involving bicycles — clearly a target group
needing special attention.

More than 80 percent of fatal accidentsin-
volving cycles occurred on arterial and
subarterial roadsin Beijing. This high severity
rate was due to the higher operating motor ve-
hicle speeds and a large number of junctions
along their lengths.

Indeed, 54 percent of these fatal accidents
occurred at intersections, despite many of the
intersections being signalized.

Table 4.4 shows the major causes of fatal
accidents involving cyclesin Beijing between
1981 and 1990. The majority of fatal accidents
involved cyclists not yielding to motorized ve-
hicles or carrying out turns, especially across
oncoming vehicles. A major problem that has

been identified is the mixing of motor vehicle
and cycletraffic, especially at junctions where
differencesin speeds clearly create problems.

The article also notes that farmers had the
highest involvement rate in fatal bicycle acci-
dents, due to their poor knowledge of traffic
laws, the poor and unsafe condition of their
bicycles, higher motor vehicle speeds in rural
areas, and the difficulty in receiving prompt
medical treatment in rural areas. As a result,
rural areas have a higher percentage of fatal
accidentsinvolving cyclesthan urban areas, de-
spite only athird of cyclesbeing owned in ru-
ral areas.

One of the main causes of cycles being in-
volvedin ahigh number of accidentsin Beijing
isthe quantity of cycles. Liu, Shen, and Huang

Y ear Motor vehicle Bicycle Total Bicyclesas
(10,000) (10,000) (10,000) per cent of total
1985 655.65 22,364 23,019.65 97.2
1986 819.07 25,803 26,622.07 96.9
1987 1,061.03 29,313 30,374.03 96.5
1988 1,190.20 33,312 34,502.20 96.6
1989 1,318.53 36,515 37,833.53 96.5
1990 1,476.26 39,099 40,575.26 96.4
1991 1,657.66 41,979 43,636.66 96.2
1992 1,945.03 45,076 47,021.03 95.9

Source: National Road Accident Satistics, 1995.
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Y ear Bicycle traffic Fatal accident Total NMYV traffic
(person-drawn and animal-drawn
vehicle traffic)
1988 8.9 6.8 15.7
1989 8.4 6.5 14.9
1990 8.2 6.1 14.3
1991 7.7 6.0 13.8
1992 6.8 6.4 13.2

Source: Liu, Shen, and Huang, 1995.

claim that as the number of daily cycle trips
increases, so do the chances of motor vehicle
and cyclecollisions.

In 1992, Beijing had nearly 8 million regis-
tered bicycles and 700,000 registered motor
vehicles.

Table 4.5 shows the number of registered
vehiclesby typeand year throughout thewhole
of the PRC. It shows that motorized vehicles
and bicycle numbers have increased between
1985 and 1992, the rate of growth being about
the same for both types of vehicle.

Although nonmotorized vehicles have in-
creased in numbers, their proportion on the
National Mgjor Highways of the PRC (NMHC)
decreased between 1988 and 1992 (see Liu,
Shen, and Huang, 1995). Table 4.6 shows the
share of NMV traffic on NMHCs. It is
predicted that this proportional decrease will
continueinto the year 2000.

It should be noted, however, that thePRC's
provinces each have different proportions of
NMYV traffic on the NMHCs.

Cc) Southeast Asia

Indonesia
Cyclists: 9 percent fatal accidents,
7 percent injury accidents

Thompson and Rudjito in Traffic Accident
Investigation in Indonesia (1991) report that
cyclists comprise 7 percent of injuries to road
users and 9 percent of all deaths.

National dataon the number and size of the
national NMV fleet in Indonesia was unavail-
able. However, limited data with regard to
Surabaya from a PADECO Co., Ltd. (1995) re-
port revealed that NMV's made up only 16 per-
cent of traffic on roads despite 45 percent of
the vehicle fleet belonging to the NMV cat-
egory. Themajority of theNMV fleet comprises
bicycles, which make up 40 percent of vehi-
cles owned, and rickshaws, at less than 5
percent. No clear national policy exists with
respect to NMV provision except to recognize
the transport requirements of individual cities.

Table4.7: Cyclist (NMV) Fatal Accidents by Yearin Thailand
Y ear Fatal accidentsinvolving Total fatal accidents Percent of fatal accidents
cycles involving cycles
1988 489 2,015 24
1989 177 6,963 3
1990 129 5,765 2
1991 104 6,319 2
1992 285 8,184 3
1993 338 9,496 4

Source: RETA project data.
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Y ear Registered NMVs Total registered NMYVs as per centage of
vehicles thetotal vehicles

1990 50,270 7,592,100 0.7

1991 53,930 8,481,000 20

1992 37,300 9,595,200 3.0

1993 39,300 11,102,000 4.0

Source: RETA Project data.

Hence, Indonesian cities were observed to
exhibit marked differences in the numbers of
NMVs and the facilities provided to
accommodate them. In Jakarta, for example,
cycle-rickshaws have been banned and re-
placed by motorized motorcycletaxis, resulting
in a highly motorized and polluted traffic
environment that is unattractive to other two-
wheeled and nonmotorized vehicles. However,

some NMVs, such as handcarts and cycle-
rickshaws, do still appear to operate within Jakarta.

Malaysia
Bicycles: 6 percent fatal accidents, 5 percent
injury accidents

In 1994, 326 (6 percent) road accident deaths
and 2,177 (5 percent) injuries involving bicy-

Table 4.9: Vehicles Responsible for, or Involved in, Traffic Accidents in Hanoi,

VietNam (1991)
Vehicle Number Per cent
Bicycle and cyclo 48 11.0
Motorcycle 265 60.6
Xelam 21 4.8
Automobile 13 3.0
Truck and bus 20 20.6
TOTAL 437 100.0

- ______________________________________________________________________________________]
Source: TRRNoO. 1441 (1994).

Source: TRRNoO. 1441 (1994).

Vehicle Type Number Per cent

Bicycle 1,000,000 84.6
Cyclo 5,100 04
Oxcart 0 -
Motorcycle 128,000 10.8
Xelam 1,667 0.1
Auto Rickshaw 0 -
Automobile 35,000 39
Truck 11,800 10
Bus 160 0.0
TOTAL 1,180,860 100.0
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- =magnitude zero
Source: TRRNo. 1441 (1994).

cles were reported out of a total 5,159 and
43,344 road deaths and injuries, respectively,
in Malaysia. No obvioustrend existsfor either
casualty figures involving bicycles.

Thailand
Cyclists and NMV three-wheelers:
4 percent of fatal accidents

Only a small amount of data has been col-
lected for Thailand, indicating that 4 percent
of accidents involve cyclists or nonmotorized
three-wheelers. Despite this, a big increase in
the number of fatal accidents involving bicy-
clesoccurred in 1993, compared to 1991 (Table
4.7). The 1988 figure is also abnormally high,
which rai sesquestions about dataaccuracy and
consistency.

NMV's comprise only a tiny proportion of
registered vehiclesin Thailand, asindicated in
Table4.8.

Viet Nam
NMVs: 11 percent of all accidents

NMVs are commonly perceived by officials
in Viet Nam as being responsible for “50 to 90
percent of all traffic accidents” (PADECO Co.,
Ltd.). Statistics gathered by the Hanoi Traffic
Police and published in TRR No. 1441, how-
ever, indicate that they were involved in only
11 percent of all reported accidents.
Motorcycles were, infact, responsiblefor more
than 60 percent of the accidents (see Table 4.9).

In Viet Nam, particularly in Hanoi, residents

Mode Number Per cent

Pedestrian 582 7.1
Handcart 0 -

Bicycle 4,578 55.8
Cyclo 321 39
Motorcycle 2,377 29.0
Xelam 49 0.6
Aduto rickshaw 0 -

Automobile and truck 230 2.8
Bus 66 0.8
TOTAL 8,203 100

have traditionally depended upon NMVs, es-
pecially bicyclesand cycle-rickshaws (cyclos).
However, rapid motorizationisoccurring asthe
country develops and the main growthisinthe
use of motorcycles. Despitethis, traffic counts
show that NMV s still account for up to 70 per-
cent of vehicle volumes. Vehicletypes and us-
ageinHanoi areshownin Tables4.10 and 4.11.
In Hanoi, “plans have been madeto abolish
all NMVsfrom operating within the city by the
year 2004” (see Bell and Kuranami, TRR No.
1441, 1994). However, some provision for
NMVs does exist, for example, physically
segregated |anes for motorized and slow-mov-
ing vehicles. Furthermore, trucks and buses
have been banned from using certain roads (see
Bell and Kuranami, TRR No. 1441, 1994).
Consequently, although official government
policy appears to be aimed at “abolishing”
NMVs, thereality isthat they still form amajor
part of the traffic stream in much of Viet Nam.

d) South Asia

Bangladesh
Dhaka: NMVs,
13.5 percent accidents

Over nine months in 1995 to 1996, a pilot
accident reporting project in Dhaka revealed
260 registered accidents; of these, NMV's ac-
counted for 35 accidents (13.5 percent). More
than 50 percent of the NMV accidents were fa-
tal, 80 percent of these involved arickshaw, 43
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Plate 4.1:
Confiscated
rickshaws in Dhaka,
Bangladesh.

percent of the rickshaw accidents occurred at
T-junctions, and more than half involved arear-
end collision. The data were produced by the
MAAP recently installed in Dhaka.

Accident statistics, with respect to cycle-
rickshaws, are scarce and unreliable
(underreporting is a big problem), but R.
Gallagher, in The Cycle-rickshaws of Bangla-
desh (1992), estimates that in 1986 and 1987,
cycle-rickshawsaccounted for about 10 percent
of road deaths in Dhaka (based on newspaper
reports). Bus, trucks, and minibuses accounted
for 97 percent of rickshaw-related deaths and
100 percent of bicycle deaths.

Gallagher further estimates that there are
about 700,000 cycle-rickshaws in the country,
with between 150,000 and 200,000 in Dhaka
alone— morethan half of al Dhaka’ svehicles.
Bicycle numbers in Dhaka are between 33,000
and 50,000. (Registered cycle-rickshaws num-
bered 100,000.) However, the observed usage
was low. But provincial towns were stated to
have a much higher percentage of bicyclesin
use. The number of cycle-rickshaws is rising

(see Table 4.12) and it is estimated that by the
year 2000, they will total more than 1.25 million
throughout the country.

The 1993 Statistics Yearbook gives the fol-
lowing table of total registered cycle-rickshaws
in 19 selected municipal corporations, includ-
ing Dhaka.

Manual traffic counts made on several ma-
jor national roads (1995) show that on aver-
age, NMV's made up 49 percent of the total
traffic. NMV's were split between cyclists (29
percent), cycle-rickshaws (66 percent), and
carts (5 percent).

It should be noted that there is a general
policy in Bangladesh of rickshaw reduction. “In
April 1987, the government of Dacca, Bangla-
desh, announced plans to completely ban
pedicabs from the city on safety grounds, al-
though they employed more than 100,000 peo-
ple” (TRR No. 1294, 1991). This policy is still
ongoing, as Plate 4.1 shows, but it is a highly
political problem. NMV measures observed in
Dhaka include both the banning of NMV's on
certain sections of road, and the provision of
segregated facilities, mostly by carriageway
markings.

Numerous heavily-laden pushcartswere al so
observed throughout the city, but especially in
the old part of Dhakawhere carriageway widths
were extremely narrow in sections, due in part
totradersencroaching on to the highway. Con-
gestion was also particularly severe and exac-
erbated by the horse carts.

Sri Lanka
Pedal cycles: 17 percent fatal accidents,
7 percent all accidents

A report by the Sri Lanka Traffic Police and
the Ministry of Transport revealed that between
1986 and 1990, 15 percent of deaths were pedal
cyclistsand that cycleswereinvolvedin 6 per-
cent of all accidents. Cyclistswereinvolved in

Year Cycle-rickshaws Motor vehicles Cycle-rickshaws as
percent of total

1988 191,306 270,860 41

1989 270,430 315,530 46

1990 271,858 341,648 44

1991 295,334 364,626 45

Source: PADECO Co., Ltd., 1995.
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Table4.13: Pedal Cyclists as Percentage of all Reported Accidents in Sri Lanka

Y ear Cycle accidents Total accidents Cycle accidents as

per centage of total
accidents

1988 2,191 33,028 7

1989 1,960 31,696 6

1990 2,366 34,463 7

1991 1,842 34,144 5

1992 2,574 37,777 7

1993 2,900 41,495 7

|
Source: Sri LankaTraffic Police, 1996.

Year Cyclefatalities Total fatalities Cyclefatalitiesas

per centage of total
fatalities

1988 226 1,365 17

1989 224 1,454 15

1990 265 1,714 16

1991 241 1,255 19

1992 231 1,302 18

1993 222 1,346 17

|
Source: Sri Lankan Traffic Police and theMinistry of Transport.

19 percent of reported injury accidents and 17
percent of reported fatal accidents. This high-
lightsthehighrisk of deathfor cyclistsinvolved
in accidents.

Tables 4.13 and 4.14 show pedal cycle in-
volvement in accidents and fatalities.

Fromthetablesaboveit can be seen that the
number of cyclists involved in accidents
reached apeak in 1990 and then fell toalow in
1991

Fatal accidentsinvolving bicycleshave de-
creased since 1990 while their percentage of
involvement in fatal accidents has also de-
creased since 1991.

e) PDMCs
Minimal bicycle accidents

Of the 11 island nations representing the
PDMCs, data were available only for Fiji. In
1993, only two fatal accidents involving
bicycles were recorded. This followed a low
number of fatal accidents involving bicycles
over the previousfive years.

4.3 NMV Facilities

Asillustrated in the previous section, large
numbers of NMVs are in daily use in many
Asian countries. Despite their obvious impor-
tance as a transport mode, few cities in the
region specifically provide measures to assist
NMVs and many roads and networks within
someAsian citiesappear to have been designed
without any consideration for their needs. In-
deed, not one city was observed to provide a
network of linked measures for NMV users to
assist popular journey patterns. However, some
interesting and useful solutionsto help deal with
the high NMV levels do exist and can be ob-
served to be operating successfully throughout
theregion.

The following section is intended to illus-
trate and highlight successful NMV facilities
from around the region with respect to their
general design requirements. However, thisre-
port is not intended to be a design manual and
seeks only to indicate the general form that
these measures can take. The facilities dis-
cussed are suitablefor pedal cyclistsand other
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Plate 4.2:
Physicalsegregation
by atree-lined verge
in Ho Chi Minh City,
Viet Nam.

Plate 4.4:

Railings used to
segregate cyclists and
motorized vehicles in
thePRC.

NMV:s, but it should be noted that the design
of any facility should take into account the ex-
pected NMV traffic composition.

Whileengineering measuresassist with safer
travel for NMV users, complementary educa-
tion and enforcement programs increase their
effectiveness. This section focuses largely on
engineering measures, but some guidance is
also provided on related education and enforce-
ment issues.

a) Road links

Variousfacilities can be provided along road
links (sections of aroad between intersections)
toassist NMVs. Thesefacilities can be catego-
rized into segregated measures, either by physi-
cal or visual means, or those measuresthat help
NMV s within a mixed traffic environment.

Segregational measures usually separate mo-
torized and nonmotorized traffic, but at times
they divide four-wheeled motorized vehicles
from the rest of the traffic. The type of

Plate 4.3:
Continuousphysical
segregationby
kerbing along an
arterialroad in
Yogyakarta,
Indonesia.

segregation most suitableis dependent on the
factors associated with the road hierarchy and
land use, such as motor vehicle traffic speeds
and volumes, traffic composition, and vehicle
accesses. High cycle flows may warrant provi-
sion of a segregated facility and will help gov-
ern the actual physical dimensions of the facil-
ity provided. Total segregation (where NMV's
run on acompletely separate network of paths
to motor vehicles) can also be provided, but no
examples of this type have been identified in
theregion.

Where NMV traffic has been banned from
using certainroads, it isimportant that an alter-
native network exist for NMV users and that
these alternative routes are attractive in terms
of safety, comfort, and journey time.

(i) Physical segregation

Physical segregation of nonmotorized and
motorized vehiclesusing abarrier or raised track
isintended to maximizecyclist safety along road
linksthat have high vehicle speeds, high vehicle
flows, or a corresponding mixture of both. The
actual barrier or height difference between the
running surfaces preventstheinteraction of the
two types of vehicle. The infrastructure in-
volved in physical segregation requires high
initial implementation costs in comparison to
visual segregation.

Segregation through raised kerbs helps de-
lineate dedicated cycle lanes alongside major
roads. Safety can be increased with the provi-
sion of adjacent vergesin order to further sepa-
rate the two modes of vehicle (see Plates 4.2
and 4.3). A raised track or verge edge height
should be sufficient to discourage motor vehi-
cle encroachment onto the segregated track.
Furthermore, it is also often necessary to pre-
vent illegal use of these paths by motor vehi-
clesby placing bollards at either end of the seg-
regated section. Limited examples of raised and
kerb separated lanes were observed in Dhaka,
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Plate 4.5:
Slow-moving vehicle
lane for two-way
traffic in Yogyakarta,
Indonesia.

Plate 4.6 (far right):
Physical segregation
for NMVs over aroad
bridge in Dhaka,

Bangladesh.
Bangladesh, such as the raised pavements at
the High Court and the segregated lane on
Mirpur Street; on Malioboro Street in Y og-
Figure 4.1: yakarta, Indonesia; and in Ho Chi Minh City,
Proposed cross- Viet Nam.
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theroutethat may bein theform of upstanding
block work, bollards, posts, or even old oil
drums, as well as actual continuous barriers
such as low railings and walls (see Plate 4.4).
Inthe PRC and Viet Nam, effective continuous
lane barriers have been erected using concrete
blocks joined by metal poles that can be dis-
mantled and are moveable when required and
yet offer an effective near permanent barrier at
many locations in cities in the PRC (see Plate
5.6).

Physically segregated paths can be used for
two-way cycleflows, but their design must en-
surethat asatisfactory width hasbeen provided
in order to accommodate two- and three-
wheeled NMVs, along with any overtaking
maneuvers (see Plate 4.5). Particular care also
needsto betaken in the design of merging and
diverging areas where nonmotorized and mo-
torized vehicles mix.

Segregated facilities for NMVs at pinch
points, such as road bridges throughout the
region, are rare. However, a few good exam-
ples do exist as in Dhaka, Bangladesh (see
Plate 4.6).

Y ogyakarta, Indonesia, provides good exam-
ples of slow moving vehicle (SMV) carriage-
way separators, which are intended for flowsin
two-way and one-way directions according to
the road hierarchy. These lanes alow safe and
direct travel for NMVsinthetown center and on
the arterial routes into and out of the city. On
laneswith accessfor servicevehicles, protected
loading bays are provided in order to prevent
disruption of the SMV flows. Lane widths
tended to be about 5 m wide in Y ogyakarta,
allowing three cycle-rickshaws to pass side by
side. Signs limited the lanes' use to NMVsand
motorcycles, with cars and trucks explicitly
banned. The 1995 Y ogyakarta Transportation
Master Plan also recommends the provision of
further SMV lanes (see Figure 4.1).

The proposed 1994 geometric design stand-
ards for Bangladesh (Road Materials and
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Figure 4.2:
Proposed cross-
sectionsin
Bangladesh.

Plate 4.7:

Visual segregation for
SMVs using broken
whitelinesin
Yogyakarta,
Indonesia.

Plate 4.8 (far right):
Visual segregation for
SMVs using asolid
white line in Dhaka,
Bangladesh.

Standards Study) include cross-section recom-
mendations for the inclusion of NMV lanes on
national, regional, and feeder roads. This
manual not only provides design dimensions
but also capacities for the road categories un-
der consideration. The provision of cart or bull
tracks is also catered for on feeder roads (see
Figure 4.2c).

(i) Visual segregation

Visual segregation of nonmotorized and mo-
torized vehicletraffic is provided by whiteline
markings on the carriageway. These nearside
carriageway markings can take the form of ei-
ther broken white lines, termed advisory cycle
lanes (see Plate 4.7) in the devel oped countries,
or continuous solid white lines, termed man-

datory cycle lanes (see Plate 4.8). Cyclists are
recommended to use either of theselaneswhere
they exist; motor vehicles are not permitted to
enter the mandatory lane and may enter the
advisory lane only when necessary, and only if
cyclists are not impeded. Such facilities are
dependent on driver compliance and effective
enforcement of thetraffic regulations.

The type of lane to be implemented is de-
pendent on road hierarchy and land usefactors
such as carriageway width and parking require-
ments in the area. For instance, parallel park-
ing alongside the pavement will discourage
cycle use of the lane and render it ineffective.
Flows along these lanes should be in the gen-
eral traffic direction only. So lane widths should
not be so wide as to encourage two-way cycle
flows or to encourageillegal use by motor vehi-
cles during times of congested traffic.

Markings, and hence theintegrity of the ac-
tual lane can be enhanced by providing wide
markings, double-line markings or even
hatched areas to denote the separation. Alter-
natively, yellow paint has al so been used to help
denote the lane, as in Metro Manila,
Philippines (PADECO Co., Ltd.). There are
limited examples of white lines throughout the
region, such as in Bangladesh and Indonesia
Lanes observed in Dhaka, Bangladesh, tended
to be 1.5 m to 2 m wide, making them suitable
forbicycles, but wide enough for only asingle
rickshaw, which forces overtaking NMV's to
stray outside the lane.

Contra-flow cycle lanes have been imple-
mented in citiesin the PRC, such as Shanghai,
and generally appear to work well with only
visual segregation to separate the traffic flows
(see Plate 4.9). However, the use of such
measures and implementation experience in
Asian developing countries outside of thePRC
is not known. A system of one-way motorized
traffic and one-way NMYV trafficisalsoin use
in Shanghai, in addition to the traditional con-
tra-flow system, (see Plate 4.10).
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Plate 4.9:
Contra-flowcycle
lanesin Shanghai,
PRC.

Plate 4.10 (far right):
One-way motor
vehicleflowand one-
way cycleflowsystem
in Shanghai, PRC.

Contra-flow cyclelanesare usually denoted
by acontinuouswhiteline, although standards
in developed countries recommend that physi-
cal segregation be provided at the start and end
of such sections. Contra-flow cycle lanes can
help provide an area-wide network for NMV
users by creating direct and cohesive routes.
Safe design requires crucial consideration of
thelanewidths so asto reducetheattraction of
traveling out of thelanesinto the main carriage-
way. PADECO Cao., Ltd. proposes that with-
flow lanes should also be provided in the op-
posing direction to the contra-flow lane to in-
crease safety; however, this would be at the
further expense of the effective motor vehicle
carriageway width.

(i) Mixed traffic

The planned use of mixed traffic of
nonmotorized and motorized vehicles can be
relatively safe under certain conditions, such
as low motor vehicle speeds and flows, along
with an appropriate traffic stream composition.
Safety aspects relating to VRUs in terms of
speed and traffic reduction measures are dis-
cussed el sewherewithin thisreport, along with
ways of reducing the interaction between in-
compatible vehicles.

An increasing problem is the growing
number of accidents occurring on rural roads
having their surface condition improved by road
rehabilitation projects. Thisencourages higher
vehicle speeds, which accentuate even further
the differences between motor vehicles and
NMYVs. Additional safety features need to be
incorporated when such rehabilitation projects
are undertaken to avoid road safety problems.
Thisis particularly so where large numbers of
pedestrians, NMV's, or SMV's can be expected.
In Bangladesh, for example, the mixed envi-
ronment for cyclists was enhanced by the oc-
casional provision of speed humps to slow
down motorized traffic. This is of particular

valuewhen rural roads passthrough townships
or communities.

The provision of facilities for joint use by
pedestrians and NMV s without segregationis
not recommended where high pedestrian flows
exist and should not be the preferred solution
where alternatives exist. This approach was,
however, observed on busy radial routes in
Shanghai, PRC.

Where mixed traffic does exist, the widen-
ing of nearside road lanes by altering the posi-
tion of line markings is being carried out in
Australia, Europe, and the US. This practice
allows a greater clearance distance between
cyclists and overtaking motor vehicles. Care
must be taken, however, to ensure this inside
lanewidth is of asizeto encourage use by two
rows of motor vehiclesduring periodsof traffic
congestion.

b) Junctions and crossings

The potential for conflicts between
nonmotorized and motor vehiclesisgreatest at
intersectionswhere segregation of trafficisnot
always possible or suitable. As a result, con-
flicts at junctions account for a large propor-
tion of all cycleaccidents, asshowninresearch
carried out in the PRC (see Table 4.4). Pates
4.11 and 4.13 show examples of pedal cycle
and motor vehicle conflicts at intersections.
However, aspart of the network design process,
NMVs must be given full and proper
consideration at junctions, taking into account
their specific vehicle characteristics. Plate 4.12
shows an example of how poor planning in the
PRC has caused a potential conflict point due
to theright-turning traffic having to cut across
thecyclelanewith no priority markingsor signs
provided.

Measuresto assist cyclistsand other NMV's
at priority junctions, signal controlled junc-
tions, and roundabouts are considered below,
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Plate 4.13:
Conflictsbetween
cyclists,
motorcyclists, and
motor vehicles at a
junction in Shanghai,
PRC

Plate 4.11: A potential
conflict at ajunction
between acyclist and
truck in Hanoi, Viet
Nam.

along with grade-separated facilities such as
footbridges and underpasses.

All intersections should be appropriately
marked and signposted in order to provideclear
instructions and directions to motor vehicle
driversand NMV usersalike. The design of any
junction with specific NMV provision should
includeall thenormal geometric factors, includ-
ing sightlines and visibility requirements that
would be considered for any other vehicle.

(i) Priorityjunctions

NMYV users should expect the same privi-
leges as drivers of motorized vehicles and
whenever possible, should not be prevented
from carrying out a full range of legal turning
maneuvers at junctions. In order to carry these
maneuvers, weaving by cyclists and motor ve-
hicle drivers (in order to be in an appropriate
turning lane) is common practice so junctions
need careful design. For example, turning
NMVs are often extremely exposed when wait-
ing in the center of the carriageway for a gap

Plate 4.12:

Example of poor
planning at ajunction
in Shanghai, PRC.
Note that traffic
turning right must cut
across the adjacent
cyclelane.

in the traffic. In order to reduce conflicts, it is
suggested that priority junctions be designed
in order to minimize the interaction time by re-
ducing the distancesto be crossed, for exam-
ple by reducing turning radii. Short turning
movements can be helped by leading cycle
lanes away from the junction and on to the ad-
jacent junction arm. No specific operating ex-
amples of measuresto assist NMVs at priority
junctions in the region have been identified to
date during the study.

Turning restrictions via physical measures
on motor vehicles can have beneficial effects
on safety astheinteraction betweenvehiclesis
reduced. Reduced vehicle speeds and reduc-
tions in motor vehicle priority also have ben-
eficial safety consequencesfor NMV's (see sec-
tion on Traffic Caming in Chapter 6). Traffic
police were commonly observed controlling
flows and access at junctions in Bangladesh,
PRC, and other countries. When thepoliceare
properly trained, thiscan be an effectivemethod
of traffic control with particular benefits to
NMVs.

(i) Signal junctions

In Beijing, PRC, somebicycletrafficsignals
exist onroadswith heavy cycleflows (see Plate
4.14). These signals are cycle-traffic actuated
due to the use of bicycle sensitive inductive
loops in the road surface (PADECO Co., Ltd.,
1993). It should be noted, however, that complex
signal-controlled junctions are a costly
solution. Given the widespread NMV usage
throughout Asia, other less expensive traffic
management alternatives should first be
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Plate 4.14:

Separate traffic
signals for cyclists at
ajunction in Beijing,
PRC.

Plate 4.15 (far right):
An advance stop line
for cyclists ata
signal-controlled
junction in Market
Harborough, UK.

Figure4.3:
Arightturn beforethe
junction (G turn)

Figure 4.4 (far right):
Arightturn after the
junction (Q turn)

considered at signal-controlled junctionswhere
traffic levels are high. Examples are given
below.

The banning of all opposing traffic move-
ments, regardless of vehicle type, helps reduce
the number of potential conflicts. Thishasbeen
carried out successfully in Ho Chi Minh City,
Viet Nam, where opposing turning maneuvers
have been banned over a series of junctions
before a roundabout, for example on Le Lo’i
Road and Ham High Road. However, cyclists
areparticularly vulnerable at roundabouts and
it is suggested that variations on the above
method be considered. These variations main-
tain the banned opposing vehicleturning move-
ment but allow NMVs to cross the major road
from the minor road using a straight crossing
maneuver. This process involves taking the
NMV off the major road either before (G turn)
or after (Q turn) the junction and then leading
the NMV s to the minor road arm of the junc-
tionviaaseries of turnswith the general traffic
flow. Figures 4.3 and 4.4 illustrate the situation
where traffic drives on the right. Note that the
left turn is prohibited at point A and traffic is
rerouted in order to alow that maneuver.

Conflict reductions have al so been achieved
inthe UK and other developed countries by
altering the layouts of some junctionsin order
to allow cyclists access to a waiting area, or

reservoir, at the front of the traffic queue but
behind a separate cycle stop line (see Plate
4.15). This advance stop line provides the
chancefor cycliststo carry out their maneuver
at the head of the traffic with increased safety
and negligible effect on motorized traffic. Natu-
rally, enforcement and driver awareness of
these areas to prevent motor vehicle accessis
necessary and the installation of colored sur-
face materials or clear markings can be useful.
Similarly, enforcement to ensure cyclists
comply with traffic signalsis needed.

Traffic signals at large junctions catering
for NMVs should specifically consider the
clearance timestaken for the vehiclesto travel
between the arms of the junction. Appropriate
signal phasing and timings will help to
minimize conflicts.

(iii) Roundabouts

Cyclists are particularly vulnerable at
roundaboutsand accidentscan easily occur due
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Plate 4.16:
Rickshaws parked on
thesideofthestreet
dueto alack of
suitablewaiting bays
in Yogyakarta,
Indonesia.

Plate 4.17 (far right):

Pedal cycles parked on

the footway blocking
pedestrian access in
Hanoi, Viet Nam.
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tothehighlevelsof conflicting movementsand
speeds. Careful geometric design of
roundaboutsisrequired to help reduceapproach
speeds. Researchin devel oped countrieshasled
to some special facilities to aid cyclists at
roundabouts.

These measures are split into three types and
involve either mixed flows on the roundabout
itself, some physical segregation on parts of
the roundabout, or a separate track for cyclists
around the outside of the roundabout. Mixed
flow roundaboutsinvolve small central islands
and single-lane approach roadswith single-lane
circulatory movement, while segregational
measures reduce the risk of NMVs being hit
while on the roundabout by vehicles entering
the system.

Recently, moveable barriers have been pro-
vided at the Sonargaon Roundabout in Dhaka,
Bangladesh, although their effectivenessisnot
yet known.

(iv) Grade-separated crossings

Some footbridges in Indonesiaand in a
number of citiesin thePRC have been provided
with a central wheeling ramp. These ramps
wereinitially intended to aid cyclists push their
machine along, although in Indonesia, motor-
cyclists were observed actually riding up and
down the ramps (see Plate 5.9).

Footbridges have alower construction cost
than underpasses but are less ideal for joint
cycle and pedestrian usage, generally being
narrower than underpasses, thusincreasing the
potential for conflict. Also, the rider must dis-
mount from the bicycle and wheel the machine
up and down a smooth wheeling ramp — an
unattractive procedure.

Underpasses provide grade-separated cross-
ings of carriageways that would otherwise be
too dangerousor inappropriateto crossat grade.
To be well-used, underpasses, as with foot-
bridges, need to be conveniently sited to at-

tract high pedestrian and cyclist use.
Dimensions of underpasses are important in
allowing cyclists access to them and where
possible, pedestrians and NMV's should be
segregated in order to achieve safe access for
both. Approach ramps should not be so steep
that they encourage high speeds through the
underpasses or to make the exit too strenuous.
Underpasses with specific NMV provision are
rarein theregion.

c) Parking facilities

Anessential part of thecyclenetwork isthe
provision of cycle parking facilities to provide
safe storage of the machine and reduce the
threat of theft or vandalism.

Suitable facilities that fulfil these require-
ments involve the provision of an adequate
number of cycle stands, allow either self-sup-
plied or cycle stand provided locking
mechanisms, and are located at major traffic
generators, as in Surabaya, Indonesia
(PADECO Co., Ltd.). Attendants also reduce
thethreat of theft. In the Netherlands and other
developed countries, such stands are increas-
ingly being provided with shelter from the
weather. Facilities for cycle parking exist in
most Asian cities where high volumes of
cyclists occur (for example, citiesin the PRC
and Viet Nam).

Official waiting areas for cycle-rickshaws
are rare and many clusters of cycle-rickshaws
can be seen to be operating from various street
cornersand major junctionsin Asian countries.

Plate 4.16 shows rickshaws waiting at the
edge of the carriageway, reducing the effective
carriageway width and hence theroad capacity.
A further problem associated with the lack of
suitable parking arrangementsis shownin Plate
4.17, where pedal cycles parked on the foot-
way block pedestrian movement and force pe-
destriansto walk in the road.
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4.4 Integrated Programs

a) Enforcement

The enforcement of traffic regulations gov-
erning all road users and vehicles is essential
for the safety of pedal cyclistsand other NMV's.
Regulations relating to motor vehiclesthat can
increase road safety include the enforcement
of speed restrictionsand waiting restrictionsin
the vicinity of on-road cycle lanes. Similarly,
NMYV users have a responsibility to acknowl-
edge and obey the various traffic laws. For ex-
ample, NMV sshould obey traffic signals, have
lanediscipline, and not encroach on to thefoot-
way. They should be prosecuted if they do not
obey these laws.

Furthermore, it isimportant that pedal cycles
or any NMVsareasfit for theroad asany motor
vehicle. Hence equipment such as reflectors,
headlights, and braking systems should be
fitted and in good working order. There is no
reason that these should not be a legal
requirement and checked for compliance.
However, thisisrarely donein practice.

Traffic police must treat NMVsin the same
way as other road users. They should havethe
same rights to road space, but equally, they
should have the same obligationsto obey traf-
ficlaws.
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Traffic regulations are not self-enforcing
and it is suggested that where possible,
measures be provided to ease enforcement, for
example, by preventing motor vehicle access
to cycle paths through bollards across the
entrance and exit points.

b) Education, training and publicity
Although road safety education is part of
thenational school curriculuminmany countries
intheregion, little attention or training isgiven
to NMV users, who will often ride their ma-
chines in mixed traffic streams at avery young
age with little or no knowledge of traffic
regulations.

Training to increase knowledge of traffic
regulations and improve cycling skills should
be encouraged and should be conducted by
skilled instructors. Training should include
information on the correct positioning of vehi-
cles at junctions relative to the required exit
armand on the dangers of traveling along road
links in the wrong direction. Publicity cam-
paigns should be provided to educate cyclists
and motor vehicle drivers about NMV safety
and on-road dangers. The highway code, if it
exists, should also contain a section on pedal
cycleand NMV considerations.
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5 MOTORCYCLES

5.1 Introduction

and Pacific region and in several countriesthey are the dominant vehicles. Despite

thisimportance, accident data on involvement of motorcyclesin road accidentsinthe
Asian and Pacific region is sparse. Only afew countries were able to provide the necessary
breakdowns into vehicle types involved in accidents and casualties.

In addition, despite their relative importance in the traffic stream, few efforts have been made
to provide special facilitiesto cater for the needs of motorcycles. In comparison with
pedestrians, little research has been conducted into the needs of motorcycles and their road
saf ety problems.

Theauthors' efforts in examining the needs, problems, and facilities of motorcycleswere,
therefore, characterized by lack of data and research, and the absence (apart from Malaysia) of
effortsto provide safety facilities for these vehicles.

M otorcycles are an important part of the traffic fleet in many countries of the Asian

Table 5.1 shows the extent of thisinvolvement
in fatal and injury accidents. Comparatively,
motorcyclistsareinvolved in agreater share of
injury accidentsthan fatal accidentsandinthree
of the countries, motorcyclists areinvolved in
more than half of the fatal accidents.

5.2 Motorcycle Accident and
Vehicle Data

Motorcycles are involved in a substantial
share of fatal and injury accidents in several
countriesintheregion (seeTables1.1and 1.2).

Subregion Country Fatal accidents (percent) | Injury accidents (percent)

NIEs Hong Kong, China 10 17
Republic of Korea 7 6
Singapore 51 69
Taipei,China 54 62

Central Asia People’ s Republic of 10" na
China (1994)

Southeast Asia | Malaysia (1994) 577 749

South Asia SriLanka 16 26

PDMCs Fiji @ na

Developed New Zealand 16 14

na Datanotavailable.
() Datarelatestocasualties.

Source: RETA project data.
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Subregion Country Per centage of motor Percentage changein
vehiclesthat are registered motor cycles
motor cycles (1993) (1989-1993)
NIEs Hong Kong, China 53 +41
Republic of Korea 236 +63
Singapore 205 -1
Taipei,China 73.7 +44
Central Asia People' s Republic 36.8 +139
of China
Southeast Asia Indonesia 68.4 +22
Lao PDR na +80
Malaysia 55.8 +30
Philippines 258 +65
Thailand 65.6 +75
Viet Nam na +175
South Asia Bangladesh na +48
India 67.3 +60
Pakistan 48.1 +32 L
SriLanka na +68™"
Pacific Tonga na +45
Developed Australia 2.8 -8
countries Japan 21.0 -10
New Zealand na -38

na Datanotavailable.
() Growth between 1989 and 1992.
Source: RETA project data.

Table5.2 showsthe percentage of registered
vehicles that are motorcyclesin various coun-
tries in the region, along with the motorcycle
fleet growth or decline between 1989 and 1993.
Animportant point isthat of the countries, such
as Indonesia and the Philippines, that have
provided motorcycle fleet information, there
is no data on their involvement in accidents.

Countries with high motorcycle accident
involvement rates, such as Malaysia and
Taipei,China, also havelarge motorcyclefleets
relative to the total number of motor vehicles.
It should be noted that except for Hong Kong,
China, the motorcycle share of motor vehicle
trafficin the NIEsis decreasing. However, with
the exception of Singapore, the motorcycle
fleet has actually increased in size, indicating
that the total number of motor vehicleshasalso
risen but motorcycles are increasing less
rapidly. In the developed countries, both the
number and percentage of motorcycles, rela-
tive to the total motor vehicle fleet, have
decreased steadily in recent years.

Motorcycles are a much more affordable
vehicle type compared to other motor vehicles
and thismay lead to motorization levelsincreas-
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ing at an even higher rate than found in devel-
oped countries. In the most motorized country
in the Asian and Pacific region — Taipei,China
— more than 70 percent of its motor vehicles
are motorcycles. Apart from the Philippines,
two-and three-wheel ed motor vehicles account
for about half of all motor vehiclesin the South
Asiaand Southeast Asia subregions. In India,
Indonesia, and Thailand, they represent two
thirds of all motor vehicles. Motor vehicle
growth is expected to increase even faster than
at present and with motorcycles playing adomi-
nant role, this low-cost and vulnerable motor-
ized vehicle could conceivably accelerate both
the motorization and death rates in the Asian
and Pacific region.

a) NIEs
Hong Kong, China
10 percent fatal accidents,

17 percent injury accidents

Thirty-five fatal and 2,582 injury accidents
involving motorcyclesoccurred in Hong Kong,
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China in 1993, making up 10 percent and 17
percent, respectively, of thetotal accidents. No
obvious trend in accidents from 1989 can be
seen, asfatal accidentsinvolving motorcycles
increased at the samerateasall fatal accidents.
Although the number of motorcyclesin Hong
Kong, Chinahasincreased over time, they have
not increased in number as quickly as motor
vehiclesand thusform alower percentage share
of vehicles.

Republic of Korea
7 percent fatal accidents,
6 percent injury accidents

In 1993, there were 673 fatal accidents and
13,912 injury accidents involving motorcycles
in the Republic of Korea. There has been ade-
creasing trend in the number and share of both
types of accident since 1989. The Republic of
Korea, similar to Hong Kong, China, has a
growing motorcycle fleet but adecreasing pro-
portion of the total number of motor vehicles.

Singapore
51 percent fatal accidents,
69 percent injury accidents

Singapore had 123 fatal and 3,840 injury
accidents involving motorcyclesin 1993, mak-
ing up 51 percent and 69 percent, respectively,
of the total fatal and injury accidents. Since
1990, fatal accidents involving motorcycles
have beenincreasing and are now at their high-
est level ever. Thisincrease in fatal accidents
is even more worrying when it is noted that
since 1990, the motorcycle fleet in Singapore
has been declining.

Taipei,China
54 percent fatal accidents,
62 percent injury accidents

Taipei,Chinarecorded 1,125 fatal accidents
and 389 injury accidents involving motorcy-
clesin 1993, working out as 54 percent and
62 percent, respectively, of thetotal accidents.
Taipei,China is seeing a downward trend in
fatal accidents, with thoseinvolving motorcy-
cles decreasing more rapidly. It has an in-
creasing motorcycle fleet size that isincreas-
ing less rapidly than other types of motor ve-
hicle.

b) Central Asia

The People’s Republic of China
10 percent fatalities

Theonly relevant motorcycledataavailable
for this subregion are for the PRC. Motorcy-
cles were involved in 13 percent of all motor
vehicle deathsand 10 percent of all road deaths
in 1994. The PRC has also seen the number of
registered motorcycles treble in size between
1989 and 1994, with an increase in the percent-
age share of all motor vehiclesincreasing from
27 percent to 40 percent. Table 5.3 shows this
increase.

c) Southeast Asia
Of the seven Southeast Asian countries,

some motorcycle-related data were available
from al the countries, except Cambodia.

Table 5.3: Registered Motorcyclesinthe PRC

Year Motorcycles Motor vehicles Motor cycles as per centage
(10,000) (10,000) of total motor vehicles
1990 359.33 1318.53 27
1990 421.28 1,476.26 29
1991 505.15 1,657.66 30
1992 647.49 1,945.03 33
1993 858.79 2,331.64 37
1994 1,093.81 2,735.60 40

Source: RETA project data.
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Indonesia
69 percent of motor vehicles are
motorcycles

Registered motorcycles in Indonesia have
steadily increased in number from 5.7 million
in 1989 to 7.75 million in 1994 and make up
69 percent of the total motor vehiclefleet. This
percentage share of the motor vehicle fleet has
remained fairly constant since 1980.

Lao PDR
Motorcycle fleet doubled in five years

Motorcycle numbersin Lao PDR have more
than doubled between 1989 and 1994. In 1994
there were 109,490 registered motorcycles.

Malaysia
57 percent fatal accidents,
74 percent injury accidents

More than half of the total road accident
deaths and almost three quarters of the total
injuriesin 1994 in Malaysia involved motor-
cycles. The number of deaths and injuries in-
volving motorcycles has increased since 1989,
along with their proportional involvement in
accidents, from 1,608 (43 percent) deaths in
1989 to 2,946 (57 percent) in 1994 and from
13,386 (51 percent) injuries in 1989 to 31,957
(74 percent) in 1994. During this period, the
motorcycle fleet increased by 40 percent to 3.7
million registered motorcycles, which make up
more than 55 percent of the total motor vehicle
fleet in Malaysia.

This percentage share of all motor vehicles
has remained relatively constant throughout
the 1989-1993 period.

Malaysia has about 4 million registered
motorcycles and their proportion on the road
varies between 13 percent and 75 percent, de-
pending on location. The motorcycle propor-
tion of registered vehiclesrangesfrom 36.1 per-
cent in Kuala Lumpur to 67.1 percent in Perak.

Philippines
Motorcycle fleet doubled in six years and is
now 25 percent of motor vehicle fleet

The number of motorcycles and its propor-
tion within the motor vehicle fleet in the Phil-
ippines has increased to more than half a mil-
lion in 1993, representing a doubling in fleet
Size since 1987.

More than a quarter of registered motor
vehiclesin 1993 was motorcycles.
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Thailand
Motorcycle fleet doubled in five years

In 1993, more than 7.25 million motorcy-
cles were registered in Thailand with the
fleet size growing by almost 1 million from
1992.

The actual number of registered motor-
cycles doubled between 1988 and 1993. Mo-
torcyclesrepresented 64 percent of thetotal
motor vehicle fleet in 1988 and 66 percent
in 1993.

Viet Nam
Motorcycle fleet trebled in four years

The number of registered motorcycles in
Viet Nam has trebled from under 1 million in
1989 to more than 3 million in 1993. A TRR
article claimsthat motorcycles wereinvolved
in more than 60 percent of road accidentsin
Hanoi (see Bell and Kuranami, 1994).

d) South Asia

Bangladesh
Motorcycle fleet increased by
40 percent in five years

The number of registered motorcycles in
Bangladesh hasincreased from 140,100in 1989
to more than 200,000 in 1994, an increase of
more than 40 percent.

India
67 percent of motor vehicles are motorcycles

There has been a constant increase in the
size of the registered motorcycle fleet in India
since 1980, with the fleet growing at a faster
rate than other motor vehicles.

In 1993, India had about 17 million
registered motorcycles, comprising morethan
67 percent of total motor vehicles.

Pakistan
48 percent of motor vehicles are
motorcycles

The number of motorcycles in Pakistan,
along with their proportion of total motor
vehicles, fluctuated between 1988 and 1993.

However, in 1993 more than 1.5 million mo-
torcycles comprised 48 percent of the total
motor vehicle fleet.



Plate 5.1:

Segregated
motorcycle lane and
shared pedestrian and
pedal cyclelanein the
PRC.
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Sri Lanka
16 percent fatal accidents,
26 percent injury accidents

The number of fatal accidents involving
motorcycles in 1993 in Sri Lanka was 208
(16 percent of total fatal accidents) whilethere
were 3,610 injury accidents involving motor-
cycles (26 percent of total injury accidents).
Between 1989 and 1993, motorcycle involve-
ment in fatal accidents fluctuated while injury
accidents showed an overall increase.

e) PDMCs

Very small percent of motorcycle
accidents

Of the 11 nationsin the Pacificislands, only
Fiji, Samoa, and Tonga could provide any
recent data involving motorcycles. A small
number of fatal and injury accidentsinvolving
motorcycles has been recorded in the three
countries. Samoa had 11 injury accidents
involving motorcycles, which comprised 9 per-
cent of the total injury accidents.

5.3 Motorcycle Facilities

Although few physical engineering facili-
ties to improve motorcycle safety exist, some
measures have been identified and are consid-
ered important. Motorcycle safety can be in-
creased with the separation of two- and three-
wheeled motorcycles from large, high-speed
vehicles.
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Furthermore, motorcyclistswill benefit from
speed reduction measures where there is
mixed traffic (see section on traffic calming
and speed reduction measuresin Chapter 6).

a) Road links

Increased safety can be achieved by the
separation of motorcyclesfrom other motor ve-
hicles. This segregation can take one of two
forms. Either exclusive motorcycle lanes can
be created, as in Malaysia These lanes are
separated from the main carriageway by a
physical median; or joint motorcycleand SMV
lanes can be provided, asin Kuala L umpur and
Viet Nam. Thesejoint lanesprovideroutesthat
pedal cyclistsand other nonmotorized vehicles
can also use.

The exclusive motorcycle lane in Malaysia
is14 kmlong and hasledto arecorded reduction
in accidents of 27 percent with abenefit to cost
ratio of constructing the lane valued at about
three. A subsequent extension constructed in
1992 is estimated to have reduced motorcycle
accidentsby 34 percent alongthesection of road
concerned. Consequently, the exclusive motor-
cycle lanes in Malaysia appear to have been
successful and may be worth considering in
similar circumstances where high motorcycle
flows are found along a corridor.

During the ADB/UN/ESCAP seminar in
Bangkok (1996), some del egates expressed the
view that motorcycles and pedal cyclessNMV's
should be kept separate due to differencesin
speeds. Thisoccurson someroadsinthePRC
where such segregated lanes were observed to
be operating (see Plate 5.1). In this instance,
guardrails separate the motorcyclesfrom ajoint
pedal cycle and pedestrian path, while araised
median segregatesthewhol e path from themain
carriageway.

Plates 5.2 to 5.5 show examples of shared
motorcycle and pedal cycle lanes in Kuala
Lumpur, Malaysia, and Viet Nam. Differences
in lane width are clearly evident from the pho-
tographs; sufficient lane widths can be deter-
mined from traffic counts and forecasted flows
of vehicle modes. Clear road signsfor the joint
use of thelaneisalso evident in Plate 5.5. The
use of these slow moving lanes to accommo-
date motorcycles and pedal cycles was also
being proposed as part of the Y ogyakartaMas-
ter Plan in Indonesia. The plan included de-
tails of separate lanes of about 3.5 mto 4.5 m
wide on primary collector roads.
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Plate 5.2:

Motorcycle and pedal
cycle SMV Lanein Ho
ChiMinh City, Viet
Nam.

Plate 5.3 (far right):
SMV Laneata
junction in Ho Chi
Minh City.

Plate 5.4:

Motorcycle and pedal
cyclesharedlanesin
KualaLumpur,
Malaysia.

Plate 5.5 (far right):
Motorcycle and pedal
cyclesharedlanesin
KualaLumpur.Notice
the explicit signs.

Plate 5.6:
Motorcyclistusing
main carriageway in
the PRC. Note the

segregated cycle lane.

Plate 5.7 (far right):
Motorcyclistsforced
tousethemain
carriageway in Viet
Nam.

Plate 5.8:

Posts placed across a
road prevent four-
wheeledvehicle
access in Bandung,
Indonesia.

Plate 5.9 (far right):
Motorcyclist using a
central wheeling ramp
intended for pedal
cyclistson a
footbridge in Jakarta,
Indonesia.

Despite the provision of separate SMV
lanes, in certain circumstances, the shared use
by NMVs and motorcycles is generally not
allowed and motorcycles must usually use the
main carriageway, as shown in Plates 5.6 and
5.7.

Some motorcycle and motor vehicle sepa-
ration can be achieved by allowing the shared
use of bus lanes. However, full consideration  theday could beapossibleacceptablemeasure.
of the traffic flows of both types of vehicleis  Care must be taken not to encourage the
important — shared use at specified times of  sharing of all facilities such as pedal cycle
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Plate 5.10:
Motorcycleparking
signs in Yogyakarta,
Indonesia.

measures at junctions
or even on foot-
bridges, due to the
differences in res-
pectivevehiclespeeds.
Plate 5.9 illustrates
themisuse of acentral
cycle wheeling ramp
by a motorcycle in
Jakarta, Indonesia
Alternative road
link measures to pre-
vent four-wheel ed vehicle accesswere al so ob-
served in Bandung, Indonesia, where posts at
the entry/exit points were used (see Plate 5.8).

b) Road surface and traffic
engineering

Several Australian safety specialists have
highlighted the need to give greater
consideration to street maintenance and traf-
fic engineering as these can have a serious
effect on motorcycle safety.

Australia’ sAustRoadswas planning to pub-
lish Traffic Engineering and Motor cycle Road
Safety and Australian safety specialistssuggest
thefollowing areasfor consideration regarding
traffic engineering and motorcycle safety.

i) Highway geometry: Adverse camber
is especially hazardousfor motorcycles
because of the need to lean even fur-
ther for balance. Wherethisoccurswith
uneven road surfaces or localized low
friction areas of pavement it can be dan-
gerous for motorcyclist safety.

i) Road surface:

1 Manholecoversand steel platesused
to cover roadworks are often ex-
tremely slippery. The application of
an abrasive coating reducesthe dan-
ger.

2 Speed bumps and traffic calming
measures of poor design can be dan-
gerousto motorcycles. Designssuch
as those advocated by TRL and the
Australian Road Research Board
should be used.

3 Loose gravel gets onto corners of
seal ed roadswhen shouldersare un-
sealed and can be dangerous to mo-
torcyclists. Atintersectionson roads

that have unsealed shoulders, such
problems can be overcome by seal-
ing to a curved section of kerb and
gutter.

iii) Intersections: Motorcycles are fre-
guently masked (hidden) by other ve-
hicles or not noticed, so fully control-
led turns should be used at signalized
intersections, wherever possible, to
avoid motorcycle accidents. Sharply
flared intersections and small
roundabouts with painted central is-
lands can be dangerousfor motorcycles.
Pavement | oop detectors are sometimes
too insensitive (dueto the light weight
of motorcycles) and can fail to detect
motorcycles or allow them to clear the
intersection before the lights change.

iv) Road markings: Variations in skid re-
sistance from road markings (for exam-
ple, painted arrows, lane and edgelines,
or zebra crossings) when wet or on
curves can be dangerous for motorcy-
clists. Raised markersused to delineate
lane and edge lines can al so cause prob-
lems, especially at curves.

v) Safety barriers: Collision with a nor-
mal w-beam (Armco) steel barrier can
be dangerous for motorcyclists as the
rider can be catapulted over or under
the barrier and reflectors on the barri-
ers can cause injury to a rider sliding
along the barrier. Wirerope barriersare
particularly dangerousfor motorcyclists
and support posts and end treatments
of all typesof barriers can cause severe
injury to motorcyclists. From a motor-
cyclist’ sviewpoint, theconcretetapered
shape (New Jersey) barrier is probably
the least damaging in the event of an
accident.

vi) Roadside furniture and objects:
Roadside vertical kerbing can cause
additional dangersto motorcyclistsslid-
ing along a road after an accident un-
lessit isof rounded semimountable de-
sign. Roadside poles, if placed too close
to the kerb at corners, can be danger-
ous as motorcyclists have to lean over
as they go round a bend.

These and other potential dangersto motor-
cyclists are discussed in more detail in the
AustRoads document, Traffic Engineering and
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Plate 5.11:

Motorcycle parking on
the footway blocking
pedestrianaccess.

Plate 5.12 (far right):
Motorcycleparking
blocking alaneinthe
carriageway.

Motor Cycle Road Safety. What is clear is that
particular care needsto be given to the design
of road and traffic engineering facilitieswherea
large number of motorcyclists can be expected
in the traffic stream. Although such measures
will not completely eliminate motorcycle
accidents, they will minimize their occurrence
and reduce their severity when they do occur.

c) Parking facilities

Parking facilities form an essential part of
overall motorcycle requirements. Facilities
should be well signposted and be able to cope
with the expected motorcycle numbers. Where
numbers of vehicles are expected to be high
and where motorcycles form the largest share
of all modes in traffic, specia parking lots ex-
clusively for motorcycles could be considered.
Signs for motorcycle parking facilities are es-
sential, as can be seenin Plate 5.10. Plates5.11
and5.12 clearly illustrate that alack of adequate
parking can cause blockages of footways and
roads. Parking lots with an attendant present
will help reduce the threat of theft.

5.4 Integrated Programs

Many motorcycleroad safety initiativesrely
not on physical engineering measures but on
associated measures such as road saf ety edu-
cation and suitable traffic regulations. These
measuresin the past have typically been based
upon rider training and helmet legislation.

a) Enforcement

Motorcycle helmet wearing can, if correctly
legislated and enforced, reduce the severity of
motorcycleaccidents. Legislation must provide

a7

for the compulsory wearing of helmets while
riding amotorcycle of any size and speed; this
must be backed by enforcement. However,
helmet design and construction must relate to
a suitable minimum legal standard that will
offer the wearer an appropriate amount of
protection in the event of an accident. Traffic
police using motorcycles must be seen to wear
the correct helmet type, have the helmet fas-
tened, and to enforce their correct usage. Hel-
mets should also be worn by pillion passen-
gers.

Regulations concerning the size and speed
of motorcycles should also be considered, along
with the use of graded licenses based upon age
and experience.

b) Education, training, and
publicity

The training of motorcycle riders, as with
any motor vehicledriver, isanimportant safety
requirement and should be carried out by
trained and qualified instructors. Training
should cover information not only based on the
development of driving skillsand driver respon-
sibilities, but also on safety factorssuch asthe
risk of not wearing an approved safety helmet.
An official on-road riding test should be car-
ried out in order to check the motorcyclists’
competence and riding skills. Plates 5.13 and
5.14 show motorcycle training and testing in
Singapore. Information from the 1994
Malaysian Road Accident Statistical Report
notes that motorcycle riders were at fault in 50
percent of the accidentsthey wereinvolvedin
and that more than 50 percent of the motorcy-
cleridersinvolved in accidents were aged 16
to 25. Thishighlightsthe need for suitabletrain-
ing of young riders.

Potential dangers associated with motorcy-
cleriding should be publicized (see Plate 5.15)
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along with enforcement and legislation This can be done in three main ways:
measures. . . _ ' '
Safety publicity should be sufficiently pow- i) ride with headlights on (dipped) at all

times (day and night) as this makes a
motorcycle much more conspicuous to
other road users,

erful to counteract other influences presented
in the mass media, including speed and glam-
our images that are used to advertise powerful

motorcycles. _ i) riders should wear light colored cloth-
One of the most effective areas for educa- ing and preferably reflective jackets

tion and publicity isto ensure the conspicuity while riding motorcycles: and

of motorcyclists. Many accidents occur because

other vehicle drivers do not see the motorcy- iii) use reflective strips on front and rear

clists. Consequently, efforts need to be made mudguards and along sides of the mo-

to encourage motorcyclists to increase their torcycleto makeit more conspicuous at

conspicuity. night.

Plates 5.13 and 5.14:
Motorcycle driver
training and testing in
Singapore.

Plate 5.15:

Signs ontheside of
theroadin
Yogyakarta,
Indonesia, promoting
theuseof motorcycle
helmets.
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Plate 6.1:
Well-planned road
network hierarchy can
reduce conflicts and
improve safety.

VULNERABLE ROAD USERS

6 RECENT DEVELOPMENTS

6.1 Introduction

sers can reduce the number and severity of conflicts that occur between motor

ehicles and VRUSs, high-speed traffic and low-speed traffic, heavy goods vehicles, and
other road users. The planning process influences saf ety through consideration of various
components, such as land use planning, network design, and the road hierarchy.

Although the safe planning of roads is the primary step towards the prevention of
conflicts, the safe design of roads through standards and specificationsis also important. The
design and suitable provision of the facilities relevant to VRU safety for each group are
discussed in the preceeding chapters. It isintended that this section will look at those factors
that are relevant to all three VRU groups together.

S(e planning by separating vehicles and preventing the interaction of various road

6.2 Land Use Planning

Thecontrol of land use and the traffic asso-
ciated with the different areas of useis essen-
tial to successful planning. Incompatible traf-
fic patterns and vehicle compositions from
various land use sources should be separated
in order to minimize potential conflicts. Hence,
zonal planning should be considered to reduce
trip lengths and to prevent VRU interactions
with high speed and heavy volumes of traffic.
Access control is also important in preventing
inappropriate traffic mixing with VRUS.

Of particular im-
portance to VRUs is

adoption of the princi-
ple of locating traffic
generating facilities
adjacent to a road
suited to the type of
traffic expected, such
as the provision of
coherent and linked
cycle paths and foot-
waysclosetoaschool.
Furthermore, conflicts
can be avoided by
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preventing the development of linked land use
on either side of main roads; for example,
schoolsand housing estates on opposite sides
of aprimary distributor road.

6.3 Road Hierarchy

The roads within a network should be de-
fined and classified according to their func-
tion, with the network traditionally split into
levels according to the primary use of the road
and thus the associated traffic. VRUs should
be considered within the planning and design
of the network and road hierarchy in order that
their own network of facilities be provided.
Hence, coherent, direct, and safe routes for
VRUs can be provided through measures such
aslinked footways, cyclelanes, and road cross-
ing facilities.

The identification of VRU networks can al-
low the planning and provision of appropriate
facilities where the motor vehicle and VRU
networks interact. For instance, underpasses
and footbridges are not necessary for local ac-
cess roads; similarly no special provisions are
needed for pedal cyclesand other nonmotorized
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trips, bus stops

Road category Main activity Pedestrian activity Pedal cycle activity
Pedestrian street Shopping, walking Predominant Considerable, speed limited
by pedestrians
Access road Walking, vehicle Considerable Considerable, crossing,
access, deliveries freedom weaving, stopping
Local distributor Start/finish of vehicle Controlled Considerable, bicycle lane,

not physically segregated,
no crossing facilities

Source: MVA, Beijing Traffic Sudy, 1986.

vehicleson low-flow and low-speed roads. Ta-
ble 6.1 shows pedestrian and pedal cycle move-
ments in relation to the typical traffic activity
on various categories of road.

Traffic management through the creation
of a suitable road hierarchy and the network
design can have positive effects on safety by
limiting traffic levels and speeds on certain
types of road, thus benefiting VRUSs. Traffic
management should hel p pedestrians and road
vehicles remain on their respective facilities
and to minimize their interaction. Factors such
asimproved traffic efficiency through reduced
congestion levelsand/or animprovement inthe
environment are also byproducts of good
traffic management through suitable road hi-
erarchy planning and design.

Appropriate planning of the road hierarchy
can lead to the maximizing of priority to groups
such as pedestrians and cyclists over motor ve-
hicles. This objectiveis an environmental con-
cern that restricts motor vehicle accessto pro-
mote easi er pedestrian and cycle use aswell as
general safety (see Table 6.1).

6.4 Design Standards

Design standards for VRUs should reflect
the needs of each group in providing safe fa-
cilities for the movement of people and goods
in order to reduce potential conflicts. However,
for afacility to be fully utilized, such measures
should be attractive to potential usersinterms
of the directness of the route. Facilities need to

District Through traffic, Minimum positive Considerable, segregated

distributor publictransport saf ety measures cycle lane, crossing
facilities

Primary Fast moving, through No safety measures— | Controlled, segregated

distributor traffic segregation cycle lane.
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be coordinated and cohesive in order to maxi-
mize their potential benefit to all users while
balancing the saf ety requirements.

The volume of VRUswithin the overall traf-
fic is an important consideration for design
guidelines. In the case of NMV facilities, a
separate lane for sole use of NMV s requires a
width related not only to the volume of NMV
traffic but also the expected NMV traffic
composition.

However, it issuggested that the speed, flow,
and composition of motor vehicletraffic onthe
road are the main factors in defining the need
and type of cycle lane. Pedestrian volumes,
however, are important to the level of facilities
provided. Footways should cater for the
expected pedestrian numbersalong arouteand
be of sufficient width in order to prevent
pedestrianshaving to walk on the carriageway,
increasing the potential for conflict. A prob-
lem with wide footway provision is the
encroachment of squatter areas, which can cre-
ate hazardous conditions for all road users. In
order to provide suitable facilities for VRUS, it
isnecessary to determine potential usage. This
can be achieved only through carrying out pe-
destrian and traffic counts.

This volume is not intended as a design
manual and although Chapters 3 to 5 provide
general information on standards and capacity
of different facilities, no attempt has been made
to recommend specific guidelines relating to
traffic volumes or other such design require-
ments. This document seeks only to identify
facilities in use in the region, to indicate the
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Figure 6.1:

Primary collector road
through an urban
area.

forms that they can take and, where possible,
to comment on their perceived effectiveness.

6.5 Traffic Counts

Traffic counts along with accident record-
ing (seebelow) providethe basisfor designing
traffic systemsthat cater for all road users. For
example, facilities for pedal cyclists and other
NMYV s may depend not only on the number of
pedal cyclessfNMVs, but al so upon the number
of motor vehicles and how the two categories
interact. Thisrelatesto the defining of theroad
hierarchy and totraffic flowswithinvariousland
use zones. Traffic volumeswill be highest at or
near major generators and this should be
considered during the planning of traffic counts.

Datain the form of vehicle and pedestrian
counts can provide details of existing traffic
movement, how this flow has changed over a
period of time, and how it islikely to changein
the future. This all helps in the design of ad-
equate facilities to assist road users. As has
been shown, only limited data exists for NMV
traffic while pedestrian traffic flow is almost
never counted. Aninformal survey carried out
at the ADB/UN/ESCAP conferencein Bangkok
reveal ed that afew pedestrian counts have been
carried out in Y ogyakarta, Indonesia; Karachi,
Pakistan; Manila, Philippines; and Singapore.
Data is available for motorcycles because of
their place in mainstream traffic, as well asthe
requirement of registering vehicles, which pro-
vides some details of ownership levels.

6.6 Accident Data Systems
Accident data provide the objective and

scientific basis for determining not only the
extent and type of safety problem experienced

but also the kinds of remedial measures most
likely to be effective. Without the collection of
accident figures, the safety of a nation’s road
network cannot be assessed and monitored. A
database consisting of relevant accident infor-
mation allows an understanding of the circum-
stances and patterns of accidents by means of
analysis. To complete the process, information
from the analysis system must be disseminated
to relevant organizations.

Traffic police are most ideally placed to
record and manage accident data, which should
include general accident details such as road
type, environmental features, and location, as
well as the vehicle/driver details and casualty
details. Within this data collection, specific fac-
tors should be included, such as pedestrian ac-
tion and location. A common accident micro-
computer-based databaseinuseisTRL'SMAAP.
At present in the Asian and Pacific region, itis
being used inFiji, M alaysia, PapuaNew Guineg,
and Philippines, and in certain areas of
Bangladesh, India, Indonesia, and Nepal .

A good accident reporting systemisalso able
to investigate hazardous locations and identify
any patterns or similarities between accidents.
For example, MAAP has recently been intro-
duced in Dhaka, Bangladesh, and despite an
analysis period limited to only six months, one
locationin Dhakastood out for itsaccident risk.
Ononeof themain approach roadstothecity, 17
road accident deaths (of which 15 were pedestri-
ans) had occurred at the junction.

After identifying what could, with
justification, be called the world’s worst black
spot, the accident analysis program can also
check for similaritiesin accident timings, vehicle
maneuvers, and other factors such as vehicle
typesinvolved.

The accident statistics presented inthe pre-
vious chapters give some indication of thelow
priority being givento VRU safety inthe Asian
and Pacific region. Many countries appear not
to be monitoring VRU accidents, or at least not
publicizing datafindings. According tothe UN/
ESCAP survey, whileaccident dataare centrally
stored in 13 of the 15 respondent countries,
only seven countries use microcomputers for
accident data storage and four countries use
mainframes.

Meanwhile, paper files(i.e., manual analysis)
aredtill largely usedin five countries, including
Bangladesh, India Indonesia, Nepal, and Sri
Lanka (some of these countries, however, do
havethe MAAP system in use on apilot basis
or running in parts of the country).
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Figure 6.2:
Collisiondiagram.

Figure 6.3 (far right):

Accident factor grid.
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6.7 Foreign Aid Projects

Until recently, foreign funded road and trans-
port improvement projects traditionally had a
narrow focus, being concerned primarily with
maximizing traffic efficiency along all road
links. However, in recent years there has been
growing attention paid to the safety problem,
environmental issues, and social impact created
during the design of new transport infrastruc-
ture. While VRU reguirements have begun to
be addressed, the true impact of recent trans-
port developments on VRUSs safety and activ-
ity is still largely unknown due to the lack of
information on accident involvement rates and
the volumes within the traffic flow. This lack
of knowledge has contributed in the past to the
lack of VRU consideration in the design and
construction of many projects.

6.8 Traffic Calming and Speed
Reduction Measures

In the past decade, two key road safety en-
gineering ideas have been developed and im-
plemented in Europe and other motorized
countries. These two developments were traf-
fic calming and safety audits, both of which
have been credited with achieving accident
reductions, and improving environmental qual-
ity and avoiding expensive construction modi-
fication costs.

Traffic calming (where engineering meas-
ures are used to reduce speed and volume of
motor vehicle traffic) has proven successful in
developed countries. Not only is the risk of
accidentsreduced but al so the associated acci-
dent severity. These benefits apply to all road
user groups with the creation of a better envi-
ronment, but are particularly beneficial to the
safety of pedestrians, pedal cycles, and other
nonmotorized vehicles. Traffic calming meth-
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odsinvolvethe horizontal and vertical realign-
ment of roads at selected locations using vari-
ous methods, such as road humps and speed
tables, chicanes, pinch points, and footway
widening. Alterations can also be applied to
junctions by raising the wholejunction layout,
providing entry treatments acrossjunctionsand
the use of miniroundabouts to help control
speeds. Such measures should beimplemented
as part of an area-wide set of measures.

The benefits from speed reduction have re-
ceived much attention in recent years and an
international review of speed and accidentscon-
cluded that, on average, each one mile per hour
(mph) (1.6 km/h) reduction in speed would
result ina7 percent reductioninfatal accidents.
Another finding, which has been used
extensively in publicity campaigns, isthe effect
of speed on pedestrian casualty severity. At 20
mph (32 km/h), 5 percent of pedestrians hit will
die compared to 85 percent at 40 mph (64 km/h)
(while 95 percent of children hit at 40 mph will
die).

Astraffic calming is meant to benefit awider
ranging group by reducing vehicle speeds and
volumes, specific measures for NMV's are not
necessary, providing that their needs are fully
considered during the planning stage. For in-
stance, where carriageway widths have been
reduced, the interaction of cyclists and motor
vehiclesin the remaining spaceis of prime con-
cern. Facilities for cyclists to avoid or minimize
theeffects of physical obstaclesmeant for high-
speed vehiclesshould be considered and catered
for wherever possible. The design and
construction of traffic calming featurescan have
asignificant impact upon cycle use; thisincludes
construction features such as smooth transition
between running surfaces. Inappropriate
measures, such as rumble strips, should be
avoided because of the discomfort caused to
NMYV users, or else the design should be such
that it hasminimal effect on NMV traffic.
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Plate 6.2 (above):
Traffic calming in
Tokyo, Japan.

Plate 6.3 (right):
Town center traffic
calminginthe UK.

Plate 6.4:
Raised pedestrian
crossing in Fiji.

Traffic calming is beginning to be applied
in the developing countries of the Asian and
Pacific region. In Nepal, village gateways and
two armed roundabouts have been suggested
for restraining speeds on highways traversing
villages. After being upgraded, highways gen-
erally experience higher speeds and increased
accidents. Inorder to control speedswherethe
road passes through an inhabited area, village
gateways have been recommended with a
signposted village archway and heavy vegeta-
tion planted on the sides of the signs, and with
the added effect of rumble bars increasing in
height. If these measures do not prove effec-
tive, then the more costly option of atwo-armed

roundabout will be considered. Fiji hasfor sev-
eral years been implementing traffic calming
measures on main roads as they pass through
villages. Village gateways have been installed
at several locations. Such measures have also
been proposed for Samoa.

In an attempt to bring consistency to the
various local schemes, traffic calming design
criteria have been recently developed in South
Africa The 16 criteriainclude traffic volumes,
accident rate, public service vehicles, pedes-
trian risk, 85th percentile speed, through traf-
fic volumes, pedestrian volumes, parking/l oad-
ing movements, schools/playgrounds, footway/
verges, frontage/accesses spacing, sensitive
area, one- or two-way, stopping sight distance,
gradient, and road type. The two pedestrian
specific factors are pedestrian risk, which isa
subjective assessment of risk exposure, and
pedestrian volumes, which is the total pedes-
trian movement over afour-hour period along
a 150 m section. There are no specific NMV
or motorcycle criteria as these are not major
modes in South Africa. The criteria are
weighted with only the speed factor receiving
the highest weighting level (five) while pedes-
trian risk is weighted at two and pedestrian
volumes at three. Guidance on saf ety-conscious
planning and design of road networks, and
checklistsfor safety checking of roads are pro-
vided in the TRL document Towards Safer
Roads in Developing Countries (see Ross, et
a., 1991).

6.9 Safety Audit

Safety audit refers to the formal process of
reviewing road projects specifically to identify
potential or existing safety hazards in order to
allow for timely proactive correction, especially
for pedestrians and other VRUs whose safety
needs are often neglected in traditional trans-
port planning and design.
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Plate 6.5:
Gateway in Fiji.
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Safety checking or safety auditing (which
is a more formalized process) offer opportu-
nities to create safer roads for vulnerabl e road
users.

Audits on road schemes can be carried out
with specific reference to any of thevulnerable
road user needs before a formal safety audit.
I'n developed countries, audits of cycle routes
are becoming the norm.

The elementsthat can be checked at various
stages for each VRU are shown in Table 6.2. It
should be noted that these considerations are
factors within the overall full formal safety
audit.

Nine of the 15 countries responding to the
Road Engineering/Safety Infrastructure section
of the UN/ESCAP survey claimed to have con-
ducted safety audits or safety checks before
construction and the Republic of Koreare-
ported that its safety experts commented on
schemes, although not as part of formal road
safety audits.

The extent to which these saf ety audits exist
in practice is not known. The only verified
safety audit procedures are from Fiji, Nepal
(where a draft Road Safety Audit Manual has
recently been produced and includes a sample
audit), and Papua New Guinea, where safety
audit procedures have been introduced as part
of recently completed ADB-funded safety
projects.
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The Department of Roads in Nepal recently
began requiring all major new road projects to
undergo a road safety audit. The key princi-
ples of the road safety audit processin Nepal
include:

designing for all road users; and

encouraging appropriate speeds and
behavior by design (Transport Engineer-
ing and Safety Unit [TESU], 1996).

The first principle refers to the break with
traditional road engineering’'s focus on pave-
ment design and four-wheel motorized vehi-
cles,and ensuring that all road users’ needsare
considered in the design process. The second
VRU-related principle given is to ensure ap-
propriate speed through good design. For
example, when major national roads pass
through small communities or towns, speeds
that were perfectly acceptable on therural sec-
tions of the roads will no longer be appropri-
ate. Thus, through design, drivers have to be
made to realize that they are entering a differ-
ent “zone” where high speed is no longer
acceptable. Use of such features as rumble
strips and gateway features as motorists ap-
proach communities give aclear indication of a
change in road character and this should re-
sult in reduced speed as motorists passthrough
the community.
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direct, cohesive safe routes.
Signs and guardrails checked.
Route should be walked,
cycled, and driven along
during the day and night.

Smooth transitions between
riding surfaces.

Route should be walked,
cycled, and driven along
during the day and night.
Publicize that path exists.
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Audit Vulnerable Road User Design Considerations
stage
? Pedestrian Nonmotorized vehicle Motorcycle
Feasibility Impact of road improvements Impact of road improvements Scheme consistent with
in areaof high activity. in area of high activity. adjacent road standards.
Severance of existing route. Severance of existing route. Severance of existing two-
Expected flows— along and Expected flow on/across wheel vehicleroute.
across the road. the road.
Pedestrian provisions — Cycle laneg/crossings.
footway and crossings. Accident data for similar
Accident data for similar schemes.
schemes. Junction numbers minimized
and of correct type.
Preliminary Establish sightline design Establish sightline design Suitability of separate lanes
design standards. standards. — merging/diverging
Adequate footpath provision. Merging/diverging aress locations, sightlines,
Crossing provisions at with motor vehicles. and speeds.
major/minor junctions and Crossing facilities.
traffic signals. Suitable junction types and
Suitable crossing locations Size considered re.
and types. movements.
Adeguate cycle path
provision.
Final Signg/markings/street furniture Signs/markings/street Signs/markings/street
design — correct position, furniture — correct position, furniture — correct position,
conspicuity and visibility. conspicuity and visibility. conspicuity, and visihility.
Adequate footway provision Landscaping effect on Landscaping effect on
with cohesive/direct routes. visibility. visibility.
Pedestrian guardrail provision Correct materials specified. Advancing warning of
and location. Lighting requirements. crossings.
Landscaping effect on Approach speeds of vehicles Turning conflicts at
visibility. at crossing locations. junctions minimized.
Correct materials specified. Dropped kerbing. Motorcycle paths of
Lighting requirements. Turning conflicts at junctions suitable design standard.
Approach speeds of vehicles at minimized. Traffic regulations to allow
crossing locations. Roundabout approaches/ specified access.
Dropped kerbing suitability. circulatory lanes.
Zebra, pelican crossings and Overtaking at refuges
pedestrian phase at signal prevented.
junctions— signal heads Cycle crossings provided.
visible, centrd refuge, signa Adequate and suitable cycle
timings, and banned turns, path provisions and
pedestrian visibility to drivers. dimensions.
Refuges — size, vigihility, Traffic regulations to ban
location; overtaking prevented. waiting vehicles on lanes.
Pre- Adequate footway provisions. Cycle paths of adequate Motorcycle paths of
opening Footways connected — dimensions and linked. adequate dimensions and

fulfilling design standards.
Smooth transitions between
riding surfaces.

Route should be walked,
cycled, and driven along
during the day and night.
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7 CONCLUSIONS

most Asian and Pacific countries, motorcycle accidents have become, or are

Q Ithough pedestrians are the largest casualty group involved in road accidentsin

rapidly becoming, a serious problem. Pedal cycles and other NMV's, however,
according to the national statistics of most countries, seem to contribute far lessto road
accidents than their presence in the traffic stream would suggest. Conflicting evidence,
though, from Beijing, PRC, shows that they are involved in a high proportion of road
accidentsin that city. These three groups together are often involved in more than 75 percent
of all fatal and injury accidents in much of the region.

Despite the extensive presence of pedestri-
ans, pedal cycles, NMVs, and motorcyclesin
the traffic stream, there is a considerable lack
of information regarding the proportion and
usage of these modes and their importance with
respect to road accidentsin many countries. The
lack of comprehensive accident data systems,
coupled with the underreporting of many acci-
dents, prevents detailed analysis from beingcar-
ried out and thus the most suitable remedial
measures cannot necessarily be implemented,
bethey engineering, enforcement, or education.
An efficient accident data system that collects
accident details, such asVRU actions, ageand
sex, aswell as the accident locations, needs to
be implemented as a matter of priority in coun-
trieswhereitismissing.

Motor vehicle growth in the region is be-
tween about 16 percent and 18 percent, and it
is feasible that this rate could increase since
the number of motorcyclesis increasing more
rapidly than other types of motor vehicle in
many countries. Thissituation is compounded
by many governments appearing to be actively
discriminating against NMV's with policies
designed to discourage their use. Theincrease
in the proportion of motorcycle traffic may
have a significant detrimental impact on fu-
ture accident rates.

In the Asian and Pacific region, there is a
severe lack of priority and attention given to
VRU movements, despite VRUs dominating
travel patternsand casualty types. While some

56

consideration has been given to pedestrians’
needs, especially asthey crossroadsand come
into direct conflict with vehicle flows, NMVs
and motorcycles are |eft to manage in the gen-
eral traffic stream alongside larger and faster
motor vehicles. It may be unreasonable to ex-
pect NMV policy or geometric design stand-
ards to be radically revised so as to reflect a
more balanced approach towards the different
travel modes, but much more could be doneto
improve road safety and facilities for such
groups.

More attention should be given to VRUs
through improved land use planning and road
hierarchy. Thisisjustified both by their volume
aswell astheir vulnerability. A better approach
to VRUSs (especially pedestrians and NMV s)
includes considering their needs at the earliest
planning stagesinstead of thetraditional traffic
engineering focus on four-wheel motor vehicle
traffic. Land use planning can minimize trip
lengths and frequencies while awell-designed
road hierarchy would match trip types to road
classes, thereby reducing the conflict between
such different modes as pedestrians, cyclists,
private cars, and large commercial vehicles.

A practical and realistic approach toimprov-
ing VRU safety is needed. Road user condi-
tions vary so much from that of developed
countries that many of the measures and as-
sumptions used in the developed world do not
apply for the developing Asian and Pacific
region. What has been learned from the review
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of VRU safety presented hereisthelack of any
simple and effective measures that are uni-
formly successful across the region. Even fa-
cilities tailored to local conditions can have
difficulties. For instance, raised zebra cross-
ings may have insufficient impact on driver
compliance (even with high humps), 1.5 m
guardrails may still be climbed, and the level
of enforcement needed to ensure proper use of
facilities provided may well be missing.

None of the above changes or reduces the
need for improving VRU safety. It does, how-
ever, support the case for the development of
low-cost measures that can be widely imple-
mented and field-tested. It isrecommended that
the following strategy be considered for the
development of VRU facilities and the im-
provement of VRU safety.

Immediate Action

i.  Scarceresources dictate that the prior-
ity focus should be on known VRU
problem areas, such as junctions for
NMVs and motorcyclists, and mid-link
crossings for pedestrians. Conflict ar-
eas need to be addressed in arealistic
and pragmatic manner. For instance, no
priority should be assigned to VRU fa-
cilities unless it can be enforced; i.e.,
at-grade zebracrossings should not be
used as they can offer only a mislead-
ing sense of priority and a false sense
of security unlessthereisawillingness
to enforce driver observance.

ii. On primary roads, NMV turns may
need to be banned as part of ageneral
traffic rule to ensure NMV's remain in
the slow lane and do not conflict with
faster motorized vehicle flows.
However, in order to ensure a reason-
able level of compliance, attractive
traffic management alternatives such
as G turns and Q turns need to be
provided to prevent NMVs from
making the particular banned turn.

iii. VRU-friendly design should be sought
with wider and flat-topped medians
used. Refuges can al so be provided and
dropped edge detail could be suitable
for NMV usage.

iv. AsVRU safety isinsufficiently catered
for in traditional road engineering,
safety audits should be used to double-

57

check all proposed schemes for their
impacts on VRU safety and to ensure
that NMV traffic movements can be
undertaken safely.

v. Traffic calming measures should be in-
troduced in urban and rural locationsto
ensure speed is at an appropriate level
for the road, and its traffic and sur-
rounding land use.

vi. Research should be undertaken to de-
velop and assess facilities to improve
VRU safety.

Longer-term Action

Over time, VRU consideration should be
incorporated into the planning stage. A well-
defined road hierarchy would assist, as VRUs
would receive priority on the lower category
roadsand aNMV network could be devel oped.
An approach based solely on improvement of
isolated black spots is insufficient and needs
to be extended to devel opment of saf e networks
for NMV use.

While land use planning and a road clas-
sification system will help minimize conflicts
between VRUs and motorized four-wheeled
vehicles, VRU movements and flows will con-
tinue to dominate traffic flows and increased
funding will be needed to provide VRU facili-
ties.

Finally, two main points need to be stressed:

i. Thetrade-off between convenience and
saf ety prevents any engineering meas-
ure from being automatically assumed
to be successful. VRU facilities should
always be monitored in order to iden-
tify which locations are operating suc-
cessfully and where modifications are
needed to facilities not functioning
properly. Over time, a better under-
standing should evolve of the factors
needed to improve VRU safety.

ii. While improved and increased VRU
facilities are a prerequisite to VRU
safety, they cannot be expected to im-
prove VRU safety on their own. En-
forcement, and education and publicity
campaigns are needed to motivate
proper road use behavior from all
modes. Enforcement and publicity cam-
paigns should be designed and timed to
complement and coincide with engi-
neering improvement measures.
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