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I. GENERAL

Road traffic contributes greatly to the social, economic
and cultural development of Japan. Expressways, especially,
play important roles as infrastructure to promote balanced de-
velopment of the whole nation and exchanges among various
regions. Japan Highway Public Corporation (JH) has been
working to develop road design standards to realize safe,
smooth, and comfortable driving on expressways, JH also
constructs and manages expressways throughout Japart.

The Topography of Japan is characterized by narrow land
with steep mountains, leaving only small plains. Through this
land, expressways must organize themselves as a network cov-
ering the whole nation. Expressway design standards should
be determined, above all, in a way suitable for maintaining a
balance between the measures necessary for safe driving and
the cost effectiveness for construction and operation. Further-

more, driving smoothness and comfort also need to be con-
sidered. These considerations have led to establishment of
the minimum geometric design standards necessary for ex-
pressways. In addition, traffic safety devices, such as road
signs for guiding drivers, guard fences for mitigating traffic
accident damage, and visual guidance devices for directing
safe driving practices, are essential for desirable road opera-
tion.

This booklet introduces geometric design standards and
traffic safety device design standards developed by JH, as
well as the Vehicle Information and Communications System
(VICS) and the Electronic Toll Collection system (ETC) which
are among the recent developments in the field of traffic en-
gineering; all these measures aim at safe, smooth and com-
fortable drive on expressways.




[I. THE STANDARD OF GEOMETRIC DESIGN

1. The Road System in Japan

Roads are the basic socio-economic asset of great impor-
tance, indispensable for the transportation of materials and
the movement of people, and regional development and land
use along the roads cannot advanced without proper road
improvement.

In the consideration of a nation-wide road network, it is
desirable that the roads be classified by function and be im-
proved to form an integrated system by connecting the net-
work.

For this purpose, the roads in Japan are classified under
the Road Law into the following four categories.

(a) National Expressway

¢(b) National Highway

(¢) Prefectural Road

(d) Municipal Road

These roads have the following functions.

(1) National Expressway

The Expressways form the most important part of the na-
tion-wide motor vehicle traffic network and connect the im-
portant areas of political, economic and cultural activity.

(2) National Highway

The national highways form the nation-wide major road
network together with the national expressways. They con-
nect the prefectural capitals, the important cities of political,
economical and cultural activity, the important ports and air-
ports, significant spots for international sightseeing, and de-
veloping areas.

(3) Prefectural Road

The prefectural roads form the major local road network
and connect cities, towns with populations over 5,000, ports,
airports, major railway stations and sightseeing spots.

(4) Municipal Road

The municipal roads are an important social investment
of cities, towns and villages in support of daily life; they con-
nect the area cominunities with one another. At the same time
the municipal road is indispensable to the effective function-
ing of public property and economic activity.

2, Classification of Roads

The classification of roads is done, in terms of road de-
sign standards, by classifying the roads into groups in which
the same design standards (speed, geometry, elc.) are used, or
by areas of existing roads, topographical conditions and
planned traffic volume.

Type and class of road are determined in accordance with
planned traffic volume, topography, road category (express-
way, national highway, prefectural road, municipal road} and
the allowable design speed calculated. As related later, the
geometric design and other features are determined by the
planned speed. This system of classification is shown inTable
n-1.

¢
Photo II-1 One of National Expressways in Japan (Doo Expressway)
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Table H-1 System of Classification

Des(lkglg[%)cw Design Traffic Volume (veh./day)
Access Remarks

S?r?jd_ A;{;)]:_ Control Over 30,000 30,000-20,000 20,000-10,000 Less than 10,000

120 100 MN.E. in level terrain
N.E.in

mountainous N.E. in level terrain
100 80 terrain

E. in level terrain

N.E. in mountainous lerrain pEin o

E. in mountainous terrain E. in leve! terrain

N.E. in mountainous terrain *Not
- - - applicable
E. in mountainous terrain to N.E.

Expressway

60 N.E. in urban area, E. in urban area except the center of metropolis

50
40

E. in the center of metropolis

Design Speed
{km/h) Access

Stand- |Allow-| Control 20,000 10,000 4.000 1,500
ard | able Over 20,000 | 10000 -4,000 -1,500 -500

Design Traffic Volume (veh./day)

Remarks

N.H. in level
80 50 BN terrain

N.H.in
50 mountainous | N.H. in level terrain
60 terrain

40

P.M. in level terrain

40 N.H. in mountaincus N.H. in level terrain
50 30 terrain P. in level terrain

; ; ; M. in level
60 BM. in mountainous terrain terram

30 M. in mountainous terrain .
P.M. road in mountainous terrain

gg M. in level

lerrain

20 M. in level

30 terrain Qr

20 mountainous
terrain

N.H. in urban area

60

Roads Other than Expressway

PM. in urban area

gg N.H. in urban area
PM. in
60 urban arca

30 P. in urban area
40
50 M. in urban area

20
30 N
40

Note: N.E.: National Expressway  E.: Expressway Other than National Expressway
F.: Full Control of Access P: Partial Control of Access N: Non Control of Access
N.H.: National Highway P.: Prefectural Road P-M.: Prefectural of Municipal Road  M.: Municipal Road




1I-1 The Standard of Geometric Design of Expressway

1. Design Speed

In road structure, it is the planned speed which defines the
relationship between the vehicle and the road to be designed
and for moving vehicles, this is the speed which will main-
tain normal driver comfort.

Design speed is the basic speed for study in the selection
of the geometric design of roads. Itis determined in Japan by
the zone, topography, planning and traffic volume as related
in Table II-1.

(1) Distance Restrictions Applicable to Design Speeds

The design speed may vary within a short distance due to
the changes in zone, topography, planning and traffic volume
for a given section.

Because this disturbs drivers, it is undesirable in terms of
traffic safety and driver comfort. Therefore, the minimum
distance for which a design speed must be maintained is stipu-
lated.

The following table shows the limits in Japan.

(2) Transition Between Different Design Speeds

The difference in speeds at connection points is kept within
10-20 km/h. The design speed is changed according to varia-
tions in topography and zone, or at interchanges.

©

e

Table I-1-1
Standard Special Case
Minimum c.hslancc 30-20 km Skm
for one design speed

2. Cross Section

As Fig. I-1-2 shows, the cross section on an expresgway
consists of lanes, center strip and shoulders, and, if neces-
sary, a buffer zone is also installed.

It is difficult to establish the width of the cross section
quantitatively in relation to design speed, but, in general, wider
structure elements such as lanes, shoulders and center strips
are required for higher design speeds. The wider road struc-
ture is also required for a large planned traffic volume. The
relationship between the width of each element and the ex-
pressway standard is presented in Table II-1-2, and the‘}:on-
cepts are related hereafter.

{1} Lane width

This is the most important among the elements of an ex-
pressway because vehicles travel on it. The standard lane
width for expressways is 3.5m since the vehicles travel at
high speed. But for Class 1, the inner lane of two lanes o one

/

Level Terrain 100 km/h

Mountainous Area 80 kim/h

Level Terrain 100 km/h Level Terrain 120 km/h

Fig. I-1-1 Continuity Design Speed
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Table I-1-2 Standard Widihs of Type 1 highway

Lane Widths
6-Lanes

Stnp

Left  Middle

Medial

Marginal
Strip of
Median

Shoulder Widths
Right

Left

Cut and
Embank-
ment

Cut and
Embank-
ment

Lang
Bridge

Long

Bndge Tunnel

335
375
350

3.50
3.50
3.50

1.00
1.00
0.75
0.75

1.25
1.25
1.00
1.00

1.75
1.75
§.00
1.00

325
2.50
1.75
1.25

3.00
3.00
2.50
1.75

0.75
0.75
0.50
0.50

direction and the middle lane of three lanes in one direction is
3.75m wide. These widths are special to routes with heavy
traffic and a high proportion of large vehicles in order 1o per-
mit high speed and comfortable driving. When the first ex-
pressway Nagoya-Kobe (Meishin) Expressway was con-
structed in Japan, a lane width of 3.6m was adopted, follow-
ing the practice in various foreign countries. Since then, lane
studies have been done on the basis of the operation of the
Meishin and the Tokyo-Nagoya (Tomei) Expressways, and a
lane width of 3.5m was then adopted as being more suitable

in Japan.

(2) Center Strip

This consists of a median and a marginal strip. The me-
dian separates the two dircctions of traffic, prevents turns,
minimizes disorder in the traffic flow and increases driving

Carmiageway

safety. The median strip is provided with a guard fence to
ensure these functions. The marginal strip has the function of
maintaining the lane effect by indicating clearly the external
line of the traffic line, guiding the driver's vision, increasing
driving safety and providing a lateral clearance.

To increase visibility a white making Line 20 cm wide
indicating the outer line of the carriageway is drawn on the
marginal strip. The basic width of the median is 3.0m.

This is sufficient to ensure that the lateral clearance will
not be affected by the guard fence and the plantings within
the median.

The minimum width of a median strip for expressways is
2.0m, which is established because it is sufficient for any safety
facilities instatled within the median.

Buffer Zone

Shoulder Center Strip

Shoulder]

T

Marginal Strip

Traffic Lane
Marginal Strip
Marginal Strip

Margina! Strip

Fig. I-1-2 Cross Section of an Expressway
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A. Earth Wark

0.25
! 7.25 45 7.25

.75 0.75 0.75

o 2.25 — r 3iu 4’ L ’—2.25 nq'

B. Middle-iength and Short Bridge

] 725 45 7.25
075 075 | 075

77

C. Long Bridge

| 725 45 7.25 L 325 .
075 0.75 | 0.75 075

S TR Y 41 T— r 2.50 e

— - —

J? 0.5

Fig. I-1-3 Standard Cross Section of Expressway for Each Structure
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(3) Shoulders
The shoulder for an expressway has the following func-

tions.

(a) It prevents accidents and traffic disturbances because dis-
abled cars can get out of the traffic lane.

(b} It contributes to traffic safety and comfort by providing
lateral clearance.

(c) It protects the carriage way

The shoulder width is determined by these functions. In
Japan a passenger car is 1.70m wide and a truck is 2.50m side
so a width of 2.5m is required to provide adequate space off
the traffic lanes for any kind of disable vehicle; the width
should be at least 1.70m, assuming only passenger cars. The
basic concept is that the shoulder installed to the left of the
outer lane should provide space for a disables car.

Variations in the allowable space for kinds and widths of
disabled vehicles in accordance with the regulations are shown

| 1.om | 3.0m lo.75m)|

Shoulder|  Climbing Lane ’ ‘ Lane
]

r

l

Marginal Strip

Fig. 1-1-4 Shoulder on a Carriageway with a Climbing Lane

in the figures of Table II-1-2.

But for sections alongside a climbing lane, since the car-
riageway is wider than that of other sections, and vehicles
travel at a lower speed on the climbing lane, cars can safely
pass cars parked on a narrow shoulder (Fig. II-1-4),

The right shoulder 15 not installed in cases of standard
cross section with center strip, but for roads with grade sepa-
rations and those where the two directions of raffic are sepa-
rated by a means other than a center strip, the shoulder is
installed on the right side of the lanes in that direction. The
width is determined by the requirement for lateral clearance
on the right side of the outer lane and is as shown in Table II-
1-2. The shoulder includes a marginal strip, the function of
which is the same as that of the center strip, The thickness of
the pavement of the shoulder is the same as that of the road-
way itself. (Fig. I-1-5).

0.50m . Shoulder
T

[a

Carriageway
Shoulder

Fig. I-1-5 Standard Shoulder




Table E-1-3 Standard Values of Geometric Design

Minimum Design Radius for - Minimum _ Minimem  pga5imum Super-elevation Rate
Design Various Values of Super-elevation Minimum Curve Length of Ra%g:stﬂig:m ' -
Speed Length(m) Transition  Cumve (my . Rotton Rotation
(km/h) Desirable Minimum(m) Curve —_— abmét CcEter abo];_l.lcl1 Mcc}ian
(m) 6% 8% Desirable  Minimum (m) Desirable PoavE?rfem Each o oment
120 1000 710 630 1400/ 8 200 100 4000 1/250 1/200
100 700 460 410 1200/ 8 170 85 3000 1/225 H175
g0 400 280 250 1600/ & 140 70 2000 1/200 11150
60 200 150 140 700/ & 100 50 1000 11175 1/125
A Minimum sight Distance Maximum Vertical Minimum Vertical Curve Radius Minimum oo m
Design Grade Length of ¢mnound
Speed Stopping Sight Distance (%) Crest (m) Sag (m) Vertical 340
(km/h) {m) Curve (%)
Disirable Minimum Standard  Absolute Standard  Absolute (m})
120 210 2 5 17,000 11,000 6,000 4,000 100 8.5
100 160 3 6 10,000 6,500 4,500 3,000 85 8.5
80 110 4 7 4,500 3,000 3,000 2,000 70 9.6
60 15 5 8 2,000 1,400 1,500 1,000 50 9.0

Note : Special consideration is given for snowy and cold areas.

3. Geometric Design

Road alignment includes horizontal and vertical alignment;
the horizontal alignment is composed of straight lines, circles
and transition curves, and the vertical alignment is composed
of straight lines and vertical cures. The standard minimum
values for these elements are shown in Table 1-1-3.

(1) Horizontal Alignment
This consists of straight lines, circles and cloth-cid curves
to be used as transition curves. The general policy for hori-
zontal alignment design is as follows;
(a) The alignment should be suitable to the topography.
(b) The alignment should be continuous with no rapid changes.
(c) Sufficient curve length should be maintained to prevent
an illusion in which the curve looks less sharp than it ac-
tually is. this is a particular problem where the radius of
the curve is small.
The radius of the circle curve given in Table H-1-3 is the
minimum for guaranteeing driving safety and comfort and
the applicable radius is generally far bigger than this value.

(2) Vertical Alignment

For the vertical alignment, the maximum vertical grade
applicable which will ensure driving safe and comfort accord-
ing 1o the design speed has been established as shown in Table
I-1-3. The case of an alignment which is satisfactory in terms
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of visibility from the driver's lane may occur if the grade ver-
tical follows. The design should be executed to provide aver-
tical grade that is, in relation with the horizontal a!ignn’iém,
continuous in terms of visibility and smoothness. In cases
where the up grade is so long that the climbing speed of large
vehicles falls below half the design speed, the regulations re-
quire the installation of a special Jane for low-speed vehicles.
In 2 flat area, the minimum gradient is specified at 0.5-0.3%
to ensure drainage.

(3) Combination of Horizontal and Vertical Alignments

The design of a combination of plane and profile align-
ments must include a full consideration of the driver's vision
and the psychological effect as well as vehicle motion dy-
namic requirements. In order to execute such a design, it is
desirable to make the horizontal curve correspond with the
vertical curve at a 1:1 ratio. This has been obtained fromvari-
ous studies and foreign examples. If the combination is not
satisfactory perspectives are checked as shown in Fig. I-1-3,
and further study is done to provide a smooth alignment.

Vertical

Crest

Fig. II-1-6 Goordinution of Horizontal and Vertical Alignment
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Fig. I-1-7 Examination of Aligment by Means of Perspective

4. Geometric Design for Cold Areas

Because Japan is a long land cxtending north and south
with many mountains, the weather varies frequently.

The geometric design of the roads must include consider-
ation of the weather. Especially in northern parts, there is heavy
snow, and the depth exceeds 3 meters in some areas. In addi-
tion, the temperatures are extremely low; there are districts
where temperatures below freezing continue for more than
30 days during winter. In such areas a geometric design pro-
viding for snowy surface and icy road surface is required to
keep traffic moving in winter time. The countermeasures for
snow are different from those for ice. For ice enly the impor-
tant measures to be taken in the design are those to provide
against a decrease of sliding friction caused by the freezing?
for snow the geometric design must ensure clear carriageway
and provide against a decrease of the sliding friction drag.

(1) Measures for Securing Traffic Width

As snow removal work in Japan is carried out by snow
plow and rotary snow-plow, space for the snow being removed
is provided on the shoulder. (Fig. I-1-8)

Usually snow piles are made on the slope in the case of an
embankment and on the cul slope in the case of a cut.

The shoulders are widened to accommodate the piles with-
out affecting the lanes. Shoulder widths for snow piles are
established according to the maximum depth of likely snow-
fall once every ten years, and the width is adjusted for the
sunshine effect.

These relationships are presented in Table II-1-3.

{2) Horizontal Alignment, Grade, Superelevation and combined

Gradient

On roads with snow-fall and freezing, the sliding friction
of vehicles decreases and side-slipping occurs when starting,
when stopping and when driving on curves, thus creating road
conditions quite different from normal.

Accordingly, the minimum radius of a plane curve and
the maximum grade, superelevation and combined grade are
stipulated separately from those for normal cases. These val-
ues are as shown in Table II-1-5.




Allowable Carriageway Width
]

__@ -

On First Removal After First Removal
Allowable Carriageway Width Allowable Carriageway Width
~30 ) ]
EL__ILT % J
On Swecond Removal After Second Removal
. Windened Shoulder
“\.100 for Snow Removal Roadway
b ]
™ N Standard |  Shoulder Width ‘
1.00
‘Widening for Snow Removal (Unit: m)
Fig. 1-1-8 Space for Snow Piles
Table 1I-1-4 Widening for Snow Removal on Cut Section
(a) WIDENING FOR PILING REMOVYED SNOW (b) ADJUSTMENT FOR SUNSHINE
Maximum Snow Depth Amount of Adjustment :
Probable Oncein  |o—qgs| ~1.0] ~1.5] ~20| ~30] ~35| >35 Snow Depth | Snow Depth
10 Years(m) =2.0m >2.0m
Slope in NW +0.5m +1.0m
Widening(m) 0 05 | 1.0 20| 30 | 40 | 50 ~NE Direction
SlOPé in SE —0.5 — 1.0
~SW Direction —m o

Note NW : Northwest NE: Northeast
SE : Southeast SW : Southwest
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Table 1I-1-5 Curve Radius and Grade in Cold Areas with Snowfall

Design Speed Minimum Curve Radius

Maximum
Superelevation

Maximum

Maximum Grade Combined Grade

Standard A

A

Standard | Exception
Standard | Exception

120 km/h 710 710 630
100 km/h 460 460 410
&0 km/h 280 280 250
150 140

60 km/h 150

A Zone, "A" ——

B: Zone “B" —

(¢} Annual average temperature in January is below 0T

(a) There are more than 30 days with snowfall of over 10 cm.

(b) Annual average temperature in January is below - 4T

(a) Maximum snow depth for February in successive years (averages for
more than five years) is over 50 cm.

(b) There are more than 10 days with snowfall of over 10 ¢cm.

and there are

more than 10 days with rainfall of over 10 mm for the period during

December to February.

II-2 Interchange, Rest Area and other Facilities

1. Interchange and Junction

(1} Classification

JH classifies the connection of expressway and highway
into the following two categories by the class of highway.
(1) Interchange

This means a connection of an expressway with a normal
road, not with another expressway, and requires the type of
grade separation used for entry and exit from highway to ex-
pressway.
(ii) Junction

This is a type of grade separation and is used for the sepa-
ration and merging of expressways.

«2) Plan of Interchange Location

Expressways are completely closed to entry and exit from
the roadside and drivers must pass through interchanges to
travel on the expressways.

The plan of interchange locations is a critical factor for
drivers’ convenience. The function of an expressway is to pro-
vide fast, safe and uninterrupted travel but, if many entrances
and exits are installed, constant traffic flow will be disturbed

and the original function may be impaired,

For this reason it is not desirable to install interchanges
too close to one another. However in the surroundings of big
cities, if the number of interchanges is insufficient, traffic
congestion occurs due to vehcle concentration into one place.
As a solution the distance between interchanges is kept short
to increase the diversification effect. In consideration of traf-
fic, social and natural conditions, interchanges are generally
planned for the following location.

(a) Crossings or nearest poinis of important arterial roads such
as highways.

(b) Surroundings of cities with a population of more than
30,000, or a location to provide an interchange for areas
with a populations of 50,600 tc 100,000. -

{c) Crossings or nearest points of major roads to important
ports, airports, material transport facilities and internation-
ally known sightseeing areas.

{d} Locations with more than 30,000 vehicles per day through
the interchange '

(e} Locations to maintain the distance between interchanges




Photo I-2-2 KITA IBARAKI Interchange = Joban Expressway / Ibaraki Pref. / 1988




between the minimum 4 km and the maximum 30 km. The standard distance between interchanges for each area

is listed in the following table.
The relation between city population and the standard num-
ber of interchanges according to the above standard is as shown

Area Standard Distance

in the following table.
Within a city SKm~10Km

Population $tandard Number of Interchanges City outskins 15Km~25Km

Lass than 100 thousand Between Cities 20Km—30Km

Less than 100 thousand
~ 300 thousand
Less than 300 thousand
~- 500 thousand

Over 500 thousand

{3) Types and Applicalion of Interchanges (b) Standard Y-Type
The typical types on expressways are the "Trumpet” and This is used in cases where it is difficult to for the loop of
the "Y" because it is easy to install all toll gates in one place. a Trurnpet-type due tu topographical restrictions.
Large construction space and expense are reguired because
(a) Trumpet Type the crossing with main lanes occur at two points.

This is the most typical type and is used at the crossings e e (Approx. 40,000m)
for connecting highways with heavy traffic. Y

Some examples are illustrated as follows;

{Approx. 35,000m) Highway (Connecting Road) (Standard area
) Trumpet on a main lane and at-grade 18 3PDFO?L
intersection with a cennecting 30,000m')
highway (Single Trumpet} \/_
/CQJCD/ Expressway

(c) At-Grade Y-Type (including an at-grade intersection be-

i) ‘Trumpet on 3 main lane and trumpet tween ramps)
on the connecting highway .. . , ,
(Double Tmmpe% g This is a variation of the Y-type and is used in cases where

traffic is light and no waiting time occurs in crossing an

intersection.

Because this type has one intersection with the main

lanes, the cost for land and construction is less than for
the type described in (b)

iii) Trumpet on a main lane and Y-Type
on the connecting highway (d) Diamond Type

m This is applied when the service is mainly for one direc-
N

tion. This is a simple type, and the construction cost is

very low. But in cases where service is provides in both
Toll Barrier directions, 1o}l gates are required at two places and main-
tenance costs are high.




3
P L

4

{(e) Others

Table 11-2-1 shows the number of interchanges of each
type installed and in use at present in Japan, and the share
of the Trumpet-type is of the total. But in the future, be-
cause smaller traffic volume is anticipated on the proposed
branch lines and end lines, a study is being made on the
application of the at-grade Y-type (with at-grade intersec-
tion), which is more economical in construction and land
costs.

Modiﬁedm
/"——‘“\\

L AR

Rotary w

LT L]

Partial Cloverleaf Type

D

{4) Geometric Design of Interchanges
The following gives the alignment conditions of the main
road for interchange installation, design speed, lane width and

geometric design used in interchange design.

Table 1-2-1

Number % 1998
Trumpet 397 66
Y-type i13 19
Diamond 39 10
Others 3 5
Table 1-2-2
Design Speed - Main Line (Km/h) |
120 100 80 60
Radius of Standard { 2,000 | 1,500 | 1,100 500
plane curve
(over m) | Exception | (1,500) | (1,000) | (700} | (350}
Radius of
minimum Standard | 45,000 | 25,000 | 12,000 | 6,000
curve -
convex type | Exception |(23,0000{(15,000)] (6,000} | (3,080)
.(overm) :
Radius of | standard | 16,000 | 12,000 | 8,000 | 4,000
curve
concave t j
(overynPS Exception {(12,000)| (8.000) { (4,000) | (2,000)
Maximum Standard 2 2 3 45
Grade
(%) |Bxception| (2) (3 4y | G.3)
Table II-2-3
Design Speed
of Main
route | 120Km/h | 100Km/h | 80Km/h | 60Km/h
Planned
Traffic Volume .
More than 10,000 | ¢ mm | 40Kmh | 40Kmvh | 35Km/
vehicles per day
5,000~ 10,000
vehicles per day 40Km/h | 40Kmvh | 35Km/h | 30Km/h
Less than 5,000
vehicles per day 3I5Km/M | 35Km/h | 30Km/h | 30Km/h

* Applicable only for connecting side roads with a main road and
excepting highway side roads

{a) Alignment Condition of Main Lane for Interchange In-
stallation
(b} The design speed for interchanges is determined accord-




ing to the design speed of main road and access traffic {e) Speed Change Lane

volume at the interchange, as per Table II-2-3. A lane is installed with sufficient length for acc4ss ve-
(c) Lane width is of two kinds according to the design speed hicles to decrease or increase speed upon entering or leaving
at the interchange, the main route.
(d) Geometric Design The two lypes shown in Fig. I-2-2 are used.
Table I-2-4 shows the radius of the smallest-radius curve,
visibility distance, transition curve, grade, vertical curve and (a} Parallel
bined . Speed Change lane ————
combined gradicnt. Taperal-— Standard Length ——,
A 9/ .
— _
{b) Straight Line Speed Change Lane
Standard fe————————— Speed Change Lane
Taper Standard Length ———=
40,35Km/h A Standard //;
¥ _/-/,/,—ﬁ
30Km/h B Standard -——Exﬁg
‘Width of Speed

* Applicable only for connecting side
roads with a main road and excepting
highway side roads

Change Lane

Fig. [-2-2 Shape of Speed Change Lane

700+ ¢ 600+ )

. 0z5 | 250015 350 .
One lane in one 150 e 0.2

100
direction \E% t@1 F Dﬁ{ |__ 0.50
[

Two lanes in one 8502
direction

0.25 1075 7.00+ 0 0.75] 025
Two lanes in two 07| | 050 S| | |00
directions without |

separation \

11.5+0+3(1200+0+8)
Two lanes in two 0.25 | 2.50(1.50) 35040 2.50(2.00) 350+ 4 2500150 | 028
directions without 0.7 0.50 050 0.50 0.50 0,
separation B _.. |-'

]_110_

(0.

=

Fig. 0-2-1 Cross Section of A-Standard Ramp
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Table 0-2-4 Ramp Design Speed and Standard Value

{5) Geometric Design and Types of Junctions

An interchange connecting expressways to one another is
called a junction and is distinguished from an interchange
connecting with highways. This means that a junction is a
facility for changing expressways and is an important grade
separation with high standards to handle heavy and fast traf-
fic. The design speed applied to junctions is high, at 40 -
80km/h.

Among the types of junction, the Y-type and the Trumpet
type are ulilized for three-way intersections, and the Y-type 15

Radius of Minimum Transition Curve Maximum Grade Radius of Minimum Vertical Curve
Design Radius of Small- Convex Type Concave Type
(kmvh) | Standard | Exception Minimum | est-radius Curve | Standard | Exception
(m) (m)  |Parameter | to omit Transi- (%) (%) Standard | Exception | Standard {Exception
tion Curve (m)
40 50 40 35 140 6 7 900 450 900 450
35 40 30 30 140 6 7 700 350 700 350
30 30 20 20 140 6 8 500 250 400 300 |
Minimum Length of | Minimum Sigh
Design | Vertical Curve (m) | Combined| 2 t
: Gradient | Distance
(km/h}
Standard | Exception| (%) {m)
40 40 35 11.0 45
35 35 30 11.0 35
30 30 25 11.0 30

generally adopted in cases of heavy traffic and high lane stan-
dards. :

A Y-type junction consists of a direct ramp and a‘semi-
direct ramp and can correspond to a high design speed, but it
usually has three-way construction whose cost is high due to
the many bridges or C-boxes.

In case of small traffic volume and low lane standards,
the design speed of a junction is kept low for reasons of
economy, and the Trumpet junction is employed. A trumpet
junction has a loop as its major feature, and it is generally

Table N-2-5 Standard Length of Speed Change Lane

Design Speed(km/h) 120 100 80 60
Length of One lane 100 90 80 70
Deceleration Lane | Two lanes 150 130 110 90
Length of One lane 200 180 160 10
Acceleration Lane | Two lanes 300 260 220 10
Taper Length One lane 70 60 50 45
. One lane
Exit Angle Two lanes 1425 1720 1/15
One lane
Entrance Angle Two lanes 1740 1/30 1720
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suitable to every lopography and economical. It is important
to design with sufficient attention to traffic problems which
may be caused by a loop ramp, the curve radius of which is
necessarily small. It is used for a direction with light traffic.

Sufficient distance from the nose to the minimum curve
part is maintained since the vehicles pass through the diverg-
ing nose at high speed without speed reduction in a decelera-
tion lane in cases where the loop is on the off-ramp side. Good
forward visibility is maintained throughout the loop in order
that drivers may see the loop.

A junction with a four-way intersection is often utilized in
cities with a large traffic volume. In its construction, while a
direct or semi-direct (turbine)type is adopted, a cloverleaf with
semi-direct loop on the side with the heavier traffic is used.

In the provinces a full cloverleaf type is also used, but it
has the operational deficiency of requiring a detour at the loop
and the ramp speed is restricted to about 40 km/h due to space
limitations.

It is often appropriate to use a modified cloverleaf, direct
or semi-direct.

Fig. I-2-3 Trumpet Junction

Al m
W
]

Fig. f1-2-4 Semi-direct Y-type Junction
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Fig. II-2-5 Example of Direct (4-way intersection) Junction




Table 1-2-6 Junction Design Speed (unit:km/h)

Design Speed (sub-route)
120 km/h 100 km/h 80 km/h 60 km/h
Traffic Volume (vehicle/day)
More than 20,000 vehicle/day 80 or 60 80 or 60 60 or 40 60 or 50
Less than 20,000~
more than 10,000 vehicle/day 80 or 60 60 or 50 60 or 50 40
Less than 10,000 vehicle/day 60 or 50 60 or 50 40 40

Table 1-2-7 Geometric Design Standard for Junctions

(a) Design Speed of Junction

(b) Lane Width for Junctions
In cases in the design speed category of 80 or 60 km/h
Table I1I-2-7, the lane width is the same as that of the main
road, and in other cases, the lane width of standard-A at
interchanges is used.

{c) Geometric Design
This is stipulated as shown in the following table.

2, Bus Stop

In order to promote maximum utilization of expressways,
bus stops are installed at interchanges and at intermediate
points along the route for busses operating between cities.
There are, in Japan, many communities with large popula-

Radivs of Minimum Transition Curve Maximum Grade Radius of Minimum Vertical Curve
Design Radius of Mini- Convex Type Concave Type
(km/hy | Standard | Exception | Minimum | mum Curveto Standard | Exception
(m) (m) | Parameter | omit Transition (%) (%) Standard | Exception | Standard |Exception
Curve
80 280 230 140 800 5 4,500 3,000 3.000 2,000
60 150 120 70 350 6 2000 | 1400 | 1,500 | 1,000
50 100 80 50 220 6 1,600 800 1,400 700
40 60 50 35 140 6 200 450 900 450
Minimum Length of | Minimum tions in level terrain and a number of communities with a
Design | Vertical Curve (m) Combined SD]'gs:];nc considerable population in mountanous area.
; istance , .
(km/h) — Gradient ) The bus stops provide on the expressways can offer a high
Standard | Exception| (%) (m , .
speed transportation system to the communities along these
80 100 0 10.5 e roads by shortening the travelling time for route busses.
60 70 60 10.5 75 The bus stops on expressways are located at sufficient in-
50 60 40 10.5 65 tervals not to interfere with high speed bus operation by re-
40 40 35 10.5 45 quiring too frequent stops and not to unnecessarily disturb

the traffic flow in the main lanes by frequent bus entry.

The types are classified into three by location of the bus
stop.

A rough sketch is given below.

3. Rest Area

(1) Objective

The expressways in Japan are fully controlled for entry
and exit, and their facilities are not available to outside users.
This means that an expressway is a roadway with control of
the number of entrances and exits to the main traffic flow, in
order to maintain rapid, constant, comfortable and safe driv-
ing, the original purpose of the expressway.

The provision of service facilities at proper intervals for
comfortable and safe driving is indispensable to expressways
users,




Quter Separat.igu

Taper — 150130110 | B[ |2 &| 110.100.90
150.130.110. = 1/30(1/20) —] (70} 60 I_

(70) T
Acceleration Lane / ' \ Deceleration Lane Acceleration Lane Deceleration Lane

Secondary Acceleration Secondary Deceleration Lane 40 {30} Secondary Acceleration | Secondary Deceleration Lane 40 (30)
Lane 30(25) 30¢20) Lane 30(25)

2005

W ! Width of Speed Change Lane. Figures in parenthesis apply in case that design speed is 60kn/h

Fig. M-2-6 Typical Design of Bus Stops Between Interchanges

Tool Gate Bus Stop

Bus Stop Bus Stop

e
g

I Connected Highway

Toll Gate

i| Expressway

(1) Type A

Fig. 0-2-7 Typical Design of Bus Stops al interchanges

{2) Classification - Intervals between interchange and rest facilities

The functions of rest facilities are classified into two cat- * Roadside conditions
egories, and they are installed in appropriate combinations at If rest facilities are provided along an expressway, liltle
various location intervals. objection is raised by local residents, A place with a con-
(a) Service Area venient water supply and drainage is suitable.

Restauvrant, Parking Area, Public Lavatory, Gas Station, - Conditon for Road Structure

Free Rest Place, Route Information, Repair Shop, Garden The structure is to adjust the soil volume of the main road
{b) Parking Area and is very economical.

Vending Machines, Parking Area, Public Lavatory, Gar- - Alignment condition of route

den - Intervals between interchange and rest facilities

{(3) Plan of Location

. . L Minimum Interval imum
In the study of a location, consideration is given to road- Standard | Maxim

Standard | Exception | Interval | Interval

side conditions such as topography and geometric design of 5
. . . . etween
the route for a systematic combination of service area and Interchange and | 5 Km 3Km
parking area and to maintain the proper interval between in- Facilities
terchanges. Between Rest
. . Facilities
Suwa Service Area beside Lake Suwa -
Between Service

Oya Parking Area of Tohoku Expressway Areas




Photo 11-2-3 Suwa Service Area beside Lake Suwa

Photo [-2-4 Oya Parking Area of Tohoku Expressway
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Table 1-2-8 Alignment of Main Road at Location Selected for Service Area

Alignment Factor

Design Speed
Main Road

Radius of Horizontal
Curve{m)

Minimum Radius of
Vertical Curve
Convex type (m}

Minimum Radius of
Vertical Curve
Concave type(m)

Maximum Grade
(%)

120

2,000 1.50C

45,000 | 23,000

16,000 | 12,000

160

1,500 1,000

25,000 15,000

12,000 8,000

80

1,000 700

12,000 6,000

8,000 4,000

60

500 400

5,000 3,000

4,000 2,000

Table I-2-9 Alignment of Main Road at Location Selected for Parking Area

Alignment Factor

Design Speed for
Main Road

Radius of Horizontal
Curve(m)

Minimum Radius of
Vertical Curve
Convex type (m)

Minimum Radius of
Vertical Curve
Concave type(m)

Maximum Grade
(%)

120

1,500 1,200

45,000 | 23,000

15,000 | 12,000

100

1,600 850

25,000 [ 15000

12,000 8,000

80

700 600

12,000 6,000

8,000 4,000

60

400 400

6.000 3,000

4,000 2,000

{4) Types of Rest Areas

a) Types of Service Area
These are classified by location into the following three
calegories.

(D Classification by the relationship between parking area

(@ Classification by location of the building, whether it is
located outside the through road or inside it
+ Quter type
The restaurant is located outside the through road.
* Inner type

and main road The restaurant is located inside the through road,
(@ Classification by location of the gas station

- Entrance type

+ Central type

- Exit type

- With separation between the two directions traffic park-
ing areas are installed on both sides.

* One side
A parking area is provided on one side.

() Inward Type
Fig. 1-2-9

{a) Outward Type

Regend

P : Parking Lot
F : Filling Station
W: Lavatory

R : Restaurant

Fig. 1-2-8




There are combination of the above types, but in general,
a traffic direction separation, external and exit type is used in
Japan. Examples of service areas are shown in Figs.lI-2-8 to
I-2-10.
b} Types of Parking Area
Different from service areas, a parking area is limited to
the minimum required facility and is classified by the re-
lationship between parking area and main road and be-
tween building and through road. In principle, traffic di-
rection separation and external type is used. The arrange-
ment of various facilities of the type illustrated in Fig. -
2-11 is common.
c) In the case of a combined installation of rest facility and
interchange, the line of Traffic of users may become com-
plicated and operation difficult compared with separate
installations. But when the interchange and the rest facil-
ity are required within a limited area due tu topographical
restrictions, this type is used, It is adopted in cases where

Parking for Small Cars Parking for Small Cars

Stand

Lavatory

Lavatory

-If-]

Parking for Large Cars
(1) Relatively Small

Parking for Large Cars
(2) Relatively Large

Fig. 1-2-11

the traffic line can be handled properly because the inter-
change access traffic and the number of vehicles usmg
the rest facility are small.

Proposed traffic volume
x 1/2

Factor of service on a holiday

Design traffic volume for one direction

Visitation rate

Visiting vehicles

Rush rate

Visiting vehicles at rush hours

Rotation rate

|

Average number of persons per vehicle

Number of users

]

Number of parking lots I

— Restaurant

Vending machines

Free rest area

Public lavatory

Function of facility

Parking places

Ramp
—— Gas station

Garden

—— Open garden

Plantings for environmental
preservation

Auxiliary garden

Service yard

Other control facilities
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(5) Scale for Rest Areas Average Daily Traffic Volume

The total scale of a rest facility is obtained by adding the (vehicle /day in both directions) Holiday Service Factor

scales of each structural factor, which are calculated accord- 0< Q< 25,000 140
ing to the proposed traffic volume and the established num-

ber of parking lots. 25,000 < Q = 50,000 165 —Q X 107

a) Parking Lot 50,000 < Q 1.15
Parking Lot = Proposed Traffic Volume > 1/2
X Holiday Service Factor
X Visitation Rate x rush Rate/ Holiday Service Factor :
rotation Factor to be used for calculating the traffic volume on the
35th day of a 365 day year, using average daily traffic

volume.

Average
Kind of ,Kind of Visitation Parking Visitation Rate : Number of visiting Vehicle

Facility Vehicle Rate Time (vehicle/day)/Traffic
(minute) Volume on Main Road

Small vehicle 0.175 25 (vehicle/day)

Large bus 0.25 20 Rush Rate : Visiting Vehicle at Rush Hours
Large truck 0.125 30 (vehicletday)/Visiting Vehicles

Small vehicle 0.10 15 (vehicle/day)
i - Rotation ; 1 (hour)/Average Parking Time
Parking |} e bus 0.10 15 (h(our) ) g g

Large truck 0.125 20

Service
Area

Area

Garden Composition
Garden is composed of the ¢elements shown in Fig, I-2-12

Garden f—-—i Use Garden j{ § Rest Garden with Resting Facilities

| Used for rest, walking, exercise, recreation and observation

Street and Plaza

| | Plantings for Environmental Il Surrounding Plantings I
Freservation

Plantings to surround an area for environmental
preservation

- Buffer Plantings |
l Plantings to separate the main road from the rest facility ]

——I Landscape Plantings I

Plantings to promote comfortable utilization of rest facility |

I
]
1
1
)
i
1
1
1
!
)
1
1
1
1
1
1
1
[}
[}
1
I
1
[

L Auxiliary Garden |- ‘[ Area for facility expansion—j




Table 1-2-10 Standard Number of Parking Spaces

Kind of Rest Number of Parking Area (one side)
Facility ] .
Maximum Standard Minimum
Small vehicle 70
. Small vehicle 200 | ‘00 Large vehicle 30 Small vehicle 50
Service Area | 250 oo vehicle 50 | L1° 70 [ arge vehicle 20
rg 200 Small vehicle 150 rge vehicle
Large vehicle 50
Small vehicle 20
. 25  Large vehicle 5 .
Parking Area 60 E::all :z:;z}: ;g o 15 f;nail :CEEC}C lg
ge 40 Small vehicle 30 fge vehicle
Large vehicle 10
Rest Garden with
Resting Facilities Surrounding Plantings

= s,
T

‘t

O LT (TS T ey
TN

I FI-}
L. N N

o N T I

o B

Plaza

Landstape
Plantings

Parking Area

// \—.ﬂ' 1_..!' ‘-—V
Auﬂer Plantings Main Road

Fig. I-2-12 Composition of Garden

¢) Total Scale

The Rest facility is composed of parking area, various ser-
vice facilities and garden. The total area of a rest facility in
Japan is 50-80 ha for service area (both sides) and 20-40 ha
for parking area. The area parking is 1/2-1/3 of the above
area.

4. Toll Gate

Since an expressway is a tool road, it is necessary to in-

70

stall a facility to collect fees from the using vehicles. The toll
barrier is the facility for this purpose. The toll barrier is com-
posed of tool office, toll gate (island, booth, gate, building),
plaza (toll plaza) and is classified by place of installation into
two kinds.

Toll gate on a main road:

Toll gate installed on the main road

Toll gate at an interchange:

Toll gate installed at an interchange

A general drawing for a toll barrier at an interchange is




Toll Gate

Expressway
{main route) ™——————

side

Highway side

<

I L P e e PP e e LT LT T T T

Fig. 0-2-13 Toll Barrier

illustrated in Fig. 1-2-13.

a) Toll Office
This is a building in which staff collecting fees rest and
conduct business, and its scale varies according to the fa-
cilities provided at the interchange. (Overall maintenance
or snow removal work)
Toll Gate
In this facility toll collecting machines are installed, and
the staff perform the collection.
Toll Plaza
This is an area created by expansion of the part of the lane
provided for installation of a tolt gate.

(1) Caleulation of the Number of Lanes at a Toll Plaza
The required number of lanes at a toll gate is calculated
by the access traffic volume at the interchange, the time re-
quired for collection at the tol] gate (average service time)
and the number of vehicles waiting to pay (service standard).
a) Traffic volume at normal times
This is the 30th time traffic volume calculated according
to the estimated access traffic volume at the imerchange,
adjusted by K-value (ratio of the 30th time traffic volume
against ADT) and D-value (ratio of the traffic volume in
the direction with more traffic at 30th time traffic volume
against that in both directions)
Normal Time Traffic Volume (DHV)=ADT KXD
Average Service Time
This is generally 6 sets at the entrance side and 14 secs. at
the exit side.
¢) Service Standard
The number of waiting vehicles is usually one.
d) Vehicle Handling Capacity at Toll Gate

The maximum number of vehicles at toll gates with lanes

are, by service time, as follows;

(2) Geometric Design of Toll Gates

The cross section is as shown below, and the lane width is
that required for large vehicles.

A width of 3.0m is required to accommodate the fee col-
fector and a vehicle,

The left most lane is 3.5m wide to accommodate mainte-
nance vehicles. (in cold areas with snow, the width is 4.0m
wide to allow snow removal vehicles)

The grade is less than 2% at the front and back slopes of a
toll gate, which does not require braking of the vehicles mov-
ing through the gate, and the cross slope is less than 2% at the
maximum but is enough to provide drainage.

Table II-2-11 Vehicle Handling Capacity at Toll Gate

Service Time 6 8 10 i4

Average No. of
yfuina?‘ig Waiting Vehiclest 1.0 1.0 1.0 1.0

1 300

Clw e | 2 lonfwv | B | Ww]| K

—




The figures within
parenthesis apply to
cold areas with snow.

Booth Booth
0.5 3.50 2.20 3.50 0.9
(4.00) (4.00)
Lane Lane /l\ |
N
0]
- Il
) i
il ] I,
1 1
h _:111
h [T il hI 7
H o
L ’ )| il —
— A o AN !
Entrance 1 Entrance 1

_________

Fig. 0-2-14 Figure of a Toll Gate
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Fig. I-2-15 Location of Toll Gate
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1. Guard Fence

(1) Definition of the Protective Barrier

TRAFFIC SAFETY DEVICES

to the occupants of the vehicles and to the other vehicles. The

Protective barriers prevent errant vehicles from leaving secondary purpose of protective barriers is visual guidance
the proper lane or encroaching into oppasite lanes, and redi- of drivers.
rect them back to the right course while minimizing damage

{2) Types of Protective Barriers
The following types are available.

Table I-1 Types of Protective Barriers

Level of rigidity Type of barrier Outline
Guard rails Wave rails connected together and supported by posts
Box beam Box beam pipes supported by posts

Flexible barriers
Cable type

Initially tensioned cables supported by posts

Beam-type for bridges

Multiple circular or angular beams of closed sections supported by posts

Rigid barriers

Concrete protective barriers | Concrete barriers with vartical or sloped front surface,

free from plastic deformation

Fig. -1 Guard rail

10780

Slope Type

Fig. M-2 Box beam Fig. II-3 Cable type

Fig. M-4 Beam-lype for bridges

Florida Type Vertical-walt Type
Fig. M-5 Concrete Prolective Barriers
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(3) Classifications of Protective Barriers
Protective barriers are divided into the following classifi-
cations according to the strength {impact level}.

{4) Places of Installation
(i) Roadside
Protective barriers are basically installed in the following
sections.
a) Embankment sections
b) Sections where bridges, overpasses and box culverts
are located
¢) Sections where piers, abutments, sign posts, emergency
telephones, etc. are located
d) Cut sectipns near lunnel portals

¢) Cut sections with a height of 1.5 m or less and cut sec-
tions with an 1.5 m-plus height of cut and an length of
40 m or less

f) Traffic islands between service areas or parking areas
and matn traffic lanes

(i1) Median strip
Median strips are basically equipped with protective bar-
riers throughout the highway.

Table 1I-2 Classitications of Protective Barriers

Classifications
(t)

Roadside barriers | Median barriers

Vehicle weight

At-crash speed
(kmv/h)

At-crash grade
(degrees)

Strength
(impact level)
kD

A Am
SC
SB
SA
S8

SCm

SBm

SAm

45 130

50 160

65 280

80 420

650

{5) Application of Protective Barriers by Classification

The classifications of protective barriers applied accord-
ing to the design speed and section of installation are listed in
Table T-2.

The sections vulnerable 10 serious damage include the
following.
a) Sections crossing or near to railway lines in the sub-
urbs of big cities or local trunk railway lines

b) Sections crossing or near to high-speed, heavy-traffic-
expressways or fully-access-controlled highways

c) High-speed, heavily trafficked sections with median
strips

d) Sections where serious secondary damage is expected.

¢) Sections where the safety of vehicle occupants is likely
to be seriously threatened due to the existence of large
off-street drops or other factors

Table M-3 Application of Protective Barriers

Classification of
) Design speed
highways

Ordinary sections

Sections crossing
or nearing

the Shinkansen
(bulket train) lines

Sections
vulnerable to
severe damage

100 km/h or higher

National expressways
80 km/h

Fully-access-controlled highways
60 km/h

SB, SBm S5, 885m

SC, 5Cm

SA, SAm




2. Traffic Sign and for advising drivers to exercise caution.

{1) Purpose (iti) Regulatory signs

Traffic signs are atmed at providing guidance, warnings,
notice and regulatory information to road users in certain for-
mats for ensuring safe and smooth traffic.

Regulatory signs are used for traffic control, restriction or
specification, and include closed-to-traffic, speed limit and
access-control signs.

{iv) Notice signs

(2) Classification :
Notice signs inform drivers of regulations ahead in the

Traffic signs are grouped into four classes.
lane, specify areas where parking is allowed and providé other

(i) Guide signs information on the points necessary for traffic operations,

Guide signs inform drivers of their positions by indicat-

ing directions and distance to designations, and landmarks (3) Examples of S igns

including famous points, and provide information on road-
side areas for the convenience of travellers. (1) Guide signs
Guide signs are intended mainly to provide informjation

(ii) Warning signs on positions, areas, etc. 1o drivers for guidance in the speedy
Warning signs are installed mainly for notifying drivers and assured travel to the destinations. The pieces of informa-

of conditions on or adjacent to a street that are potentially tion required by drivers until they reach their destinations and

hazardous to traffic operations or require particular attention, the corresponding signs are listed in Table IlI-4.

Table -4 Information Provided by Guide Signs

. informatiop displayed
Information ;
Position on required for road  Comesponding ini i i
; quires for T information tobe | Minimum information . . Related signs
the highway users'decision- provided required for Other information
making : logical route guidance
é National () Entrance ramp - Advance notice - Name of entrance + Entrance ramp guide signs
g highway which of entrance ramp
£ the driver is ramp - Entrance mmp
g heading for number
g » Distance to entrance
g amp
= + Direction + Destination
Section of @ Information on the | - Rouie on which the - Kilometer posi - Guide signs for confirnation
uninterrupted highway on which |  vehicle is running (direction and distance}
flow the vehicle is * Direction in which
currently running the vehicle is
Information on the | cumently moving
area to which the | * Presence of larget
vehicle is currently|  exit
moving » Distance to target
] exit
B
5] @ Information for » Present position - Prefecture - Roadside guide signs
g confirming - Famnous point (jurisdictional boundaries, tunnels, rivers,etc)
& appreximate * Route boundary « Areas and distance signs for confirmation:
current position + Junction name - Junction name guide signs .
on the route
g
E |lmmediately @ Information on - Route to follow * Route number or + Destination * Advance branch notice signs
S | before the the direction - Direction in which route pame
= |junction to travel - Direction
=5 | (advance notice - Distance 1o the - Distance 1o the
& | of the branch) Junction junction
Z
Junction @ Information on + Route to follow + Roule number or + Junction guide sign
(junction the direction foute name
guide) + Direction in which .
to trave] - Direction + Destination
Tmmediately | & Information for * Route selected + Rowte number or » Destination - Hybrid guide signs which display (8 and
after confiming route name provide (1) and (2) as well.
the junction the direction Guide signs for confirmation double as gaide
{guide for - Direction selected | - Direction signs in sections of uninterrupted flow.
confirmation {Guide signs for confimation)

76




Exit ramp guide

Mear the exit
ramp

® Information for
confirming
the desired
exil ramp

- Advance notice of
exit ramp

- Exit ramp name
- Exit ramp number
+ Distance 10 exit

- Locations accessible
from the exit and
access roads

- Locations accessible from the exit and access
roads are indicated.
Signs for confirmation are installed beyond
the point of exit sign.

- Exit amp

+ Exit amp name
+ Exit ramp number

+ Exit guide signs

Toll Barrier on
the expressway

* Toll plaza name
+ Distance io toll plaza

* Toll plazas and check barriers

End of
the expressway

- Exit ramp name
- Exit ramp number
- Distance 1o exit

* End mark

Guide on auxiliary facilities

Information on
the positions of
auxiliary facilities
on the highway

Note 1) Destination (place to which one is dirccted displayed on guide signs),
encouragement to secure adequate headways, emergency phane signs,
ermergency parking lanes, automatic ticket dispenser signs,
electronic toll collection system signs, climbing lanes,
emergency exits and evacuation passages in the tunnel, centedines, inside tanes,
outside lanes, areus for applying or removing tire chains, bus stops,
advance notice of cutside lanes, highway radios, eic.

Rest areas

Information for
confirming
the desired rest area

- Advance notice of
entrance 10 rest area

+ Entrance

+ Name of entrance

Guide for service areas and rest areas,

advance notice of rest area, parking space signs,
signs for facilities for the handicapped

(guide signs for any facilities)

RAOE R

TOMEI EXPWY

&

el Bt

TOME! EXPWY

Fig. I-6 Direction of entrance (103-A)

R 68 &

TOME! EXPWY

Fig. -7 Advance nolice of entrance (104)




S —

Fig. -8 Areas and advance notice of exit (100-A)

=+

Fujilkawa

Fig. BI-10 Services {116-A)

{ii) Warning signs

Fig. -9 Areas and exit (112-A)

& 1+ 1

Fujikawa

Fig. fl-11 Services (116-B)

Table I-5 Advance Warnings and Warning Signs

Advance waming

Type of sign

Remarks

Advance warning of changes
in horizontal alignment

"Bend Ahead”, "Tum Ahead”,
"S-shaped Bend Ahead”,

"5-shaped Bend Ahead”, "Reverse Turn Ahead”.
Only waming lamps are installed for

hfb - "Reverse Tum Ahead” "Reverse Turm Ahead”
I3 =
§ :E: Advance waming of changes "Steep Downslope Ahead”,
£ %ﬂ in vertical alignment "Steep Upslope Ahead”
g 'fg ° Advance waming of changes "Merging Traffic Ahead”.
28 €& in traffic flow "Lane Decrease”, "Two-way traffic”,
<G E "Opposing Traffic Ahead”
- Advance waming of changes "Freezing”
c of road surface
2
£33 ¢
=2 E = '.g
g'C = & F | Wamings of cross wind “Cross wind”, "Fog"
g2 a 8 S | andfog
$35ET
25538

Advance wamning of animals
crossing the road

" Animals crossing the road”

Roadside environmental
conservation

"No snow disposal”

Bulletin boards for road administrators

Guidance at steep curvatures
in horizonta! alignment and
at the end of an expressway

"Arrows"

Signs are installed continuousty along
the outside edge of the road.

Prevention of slope fires

"No cigarette lossing”

Prevention of rear-end
collisions

Other advance warmings

"Secure adequate headway"

Safe traffic in tunnels

"Lighting in the tunnel”,
"Radio rebroadcast available”

8




“Right (or left) curve” (202) " “Right (or left) turn™ (203)

3% Display of the radius of curvature (R=xx m} with the sign board is also desired on the expressway.

Fig. M-12 Bend and turming signs

Fig. l-13 Steep slope Fig. M-14 Advance warning of a long downhili

Fig. 11-16 “Slippery” {209)

D5k

Fig. -15 Advance cautious driving in the fog

Eas]

Fig. M-17 “(Warning of) cross wind” Fig. I-18 “Animals crossing the road” (214-2)

EDERS [@%&%} =]

Fig. HI-19 “Animals crossing the road” (monkeys, raccoon dogs and hares)
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Fig. -20 Sign board for securing adequate headways
{in open sections)

Fig. M-21 Lighting in the tunnel and availability of radio
broadcast

3. Road Markings

This is a traffic control facility instailed to supplement the
road signs. This is done by painting instructive lines and sym-
bols on the roads.

The purpose is to control the traffic flow, to promote safety
and smooth traffic and to protect the road structure.

The markings are classified in the Sign Ordinance into
two categories; one is carriageway markings such as lane lines
and outer boundary lines set by road administrators and the
other is information and instructions set by the Public Safety
Commission. Concerning the color of road markings lines
are in white, some indications are in yellow.

8

£H

Iwata

X RE

Tenryu

W1/
N s

5% bR

1
]
i
|
!
Maisaka |

Fig. M-22 Example of Displaying Name of
Expressway in Sign of 108 Faction

(1) Lane Line
On a road with more than two lanes in one direction, the
lanes are separated from each other by the lane lines provided.
The marking is a dotted line, in white and of the follow-
ing dimensions.

(2) Outer Boundary Line

The outer boundary is lined to separate the shoulde¢ from
the lane. The indication is made by a solid line, in white and
of the following dimensions.

1) Typel. (Boundary line between main route and ramp)

Ld o3 b

[ [ I =

—_— | ] = 3

Note: §i: §2=2:3 (Standard values for }; are shown below)
Design Speed (kmvh) | Under 40 km/h 50 ~ 60 Over 80 kim/h
Length Unit (m) 4 6 8

ii} Type2. {Boundary lines between main lane and speed changing lane and

slow vehicle lane)

llu P2

i = I W =

0.45m

Note: }1: 12=1:4 (The 1, is usually 3m}
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Photo II-1 Boundary Lines

“J—g
T g

e 0.20 /A
7 ] Shoulder
~ 015 — | Lane
o 020 —— | Lane
- Marginal Strip

\A
Marginat
Shoulder Lane i Lane  SYIP Center line |
Marginal ’ I l ]
Stip 20 0.15 0.20

i
| h
,i. |
\ Outside Lane \Ouler \Oulsidc Lane Line

Line Boundary Line

Fig. 11-23 Example of Standard Separation Lines used with 4 Lanes
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4, Delineators

This is erected along the roadsides and indicates the road
alignment. It functions mainly at night to guide the eyes of
drivers.

The Road Structure Ordinance stipulates that proper sight
distance be maintained on the roads, in actual driving, drivers
are always seeking for something to guide them.

The delineator is effective in promoting safe driving by
providing advance notice of the alignment, which serves to
prevent traffic accidents.

The color and number of delineators are determined by
the location, as shown in Table TI-6. The arrangement Hori-
zontal Vertical too is fixed in cases of more than two reflec-
tors on one post to indicate where expressway runs and

Table II-6 Location and Kind of Defineator

Location Color | Number Remarks

kcol;tds:g;lder of Main White N
Median of Main Roadway Orange 1
Ramp at Interchange and
Service Area Qrange 1

; Longitudinal
Speed Changeing Lane Crange 2 Amangement
Start of Merging lane and o 3 Longitudinal
End of Acceieration Lane range : Arrangement
Start of Separation lane and Paralle!
Start of Deceleration Lane Orange 3 Arrangement

T

Photo llI-2 Example of Standard Sepafation Lines (Tohoku Expressway)

locatings of interchange and facilities at night. The maximum
distance between delineators is 50m on the main roadway
and 25m on rampways and the speed-changing lanes of inter-
changes and tunnels.

The intervals at shown in Table II-7 to provide continu-
ous visual guidance. '

1t is standard practice to locate delineators on the lefi:side
of the carriageway, at a distance of 120 cm from road surface
to the center of the reflector and with 50 cm clearance.

The delineator is installed 90 cm from the road surface on
the median side of the main roadway and on an interchange
rampway. It is attached directly on the front surface of guard
rails, it is installed 60 cm away from the marginal strip. (Fig. H-
24). ‘

Table -7 Standard Location Interval

Radius of Road Curve Location interval for Delincator .
R (m} S (m)
- 50 5
51 ~ 80 7.5
81 ~ 125 10
126 =~ 180 12.5
181 -~ 245 15
246 - 320 17.5
321 ~ 405 20
406 -~ 500 22.5
M~ 650 25
651 ~ 900 30
S0~ 1200 35
1,201 ~- 1,550 40
1,551 -~ 1,950 45
1,951 - 50
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% WHITE ¢ 100 WHITE ¢ 100 WHITE ¢ 100 /T WHITE § 100

_ =

In the case of Installation at Left Side of Carriageway

ORANGE ¢ 100 L, ORANGE § 100
G AR

‘ T &
:

1O
ol

In the case|of Installation on Median

Fig. M-24 Installation Method for Delineator




5. Distance Marks

Distance marks, which identify geographical points, are
required for both appropriate and quick maintenance, repair
and improvement of expressways and for informing road us-
ers of their positions. Their most common use is at the time of
traffic accidents or vehicle breakdowns. Communications and
reporting for support and handling of vehicles are carried out
based on the distance marks. Road improvement work is also
based on the marks. They should, therefore, be instalied ac-
curately.

Distance marks also serve as landmarks for general road
users.

Table M-8 Types of Distance Marks

{1) 50-kilometer posts:  Instailed on the shoulder of the expressway at 50-km spacings

(2) 10-kilometer posts: Installed on the shoulder of the expressway at 10-km spacings

(3) 1-kilometer posts: Installed on the shoulder of the expressway at 1-km spacings
(4) 500-meter posts: Installed on the shoulder of the expressway at 500-m spacings
(5) 100-meter posts: Installed on the shoulder of the expressway at 100-m spacings

(6) 20-meter posts. Installed on the shoulders of interchanges, junctions and service area ramps on expressways at 20-m spacflmgi




The following types of distance marks are used.

Table -9 Cutline of Distance Mark Installation Procedures

Type of
distance mark

Installation height

Installation method

Colors, letters, design and notation

20-meter post 30 cm from Cut and Embankment section:
(at interchanges the bottom Set on guard fences Fo
and service area Bridge or viaduct section: A4©©© L{‘B
ramps) Attached to concrete barrier curbs
L 300 ’ ] = 300X 100
I | - (Green letters on
a white background
+ Non-reflective
100-meter 1.25 m from Cut and Embankment sections:
post the bottom Set on guard fences
] ol o
Cut sections: S
500-meter Tunnel sections: Installed as freestanding posts 'S
post Without inspection
iage : : e 400
galleries: Bridge or viaduct section: } I - 400X 180
125 m from Posts are attached to the outer - Green letters on
the bottom face a white background
- Reflective
1-kilometer With'inspection Tunnel sections:
alleries: Installed on the wall paraliel
post 4 allp
2.00 m from to the road centerline
the bottom 8l 3
— o~
[ 550 |
[ i - 550% 250
* White letters on
a green background
- Reflective
10-kilometer Cut and Embankment section:
post Installed as freestanding posts
Bridge or viaduct section: 9 2
Kilometer posts are used B
Posts are attached to the outer face
Tunnel sections: © 700 X360
Installed on the wall parallel | 700 | Whiteletiers on
nstalle ° P [ | a green background
to the road centerline - Reflective
50-kilometer 12.00 m from Cut and Embankment section:
post the bottom Installed as freestanding posts 't
Bridges, viaduct, tunnels and
when the distance marks are installed b
. ] o
as part of the gunde‘ sign systfsm at J ] | D ~ | = - 1200 X 1200
interchanges, junctions, service areas - Top half:
and parking areas: For Kawaguchi White letiers on
10-kilomete-post types are used. 1 a green background
* Bottom half:

50-kilomete-post types are used
in the earthwork sections at the
40-km or 60-km point.

[ 1200 1
I 1

Green letiers on
a white background

- Reflective

Installation position : Signs are installed generally on the left protective shoulders.
Where noise barriers are installed, distance marks are installed on median strips.
In snowy cold areas, distance marks except 50-kilometer posts are installed on median strips.
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6. Glare Reduction

(1) Purpose
Glare reduction devices are installed for reducing the head-
light glare of opposing traffic at night.

(2} Place of Installation
On the primary and secondary national highways among
the first-class highways, glare reduction devices are installed
on the median sirips in bridge and overpass sections and in
cut and embankment sections without vegetation. The tertiary
national highways are equipped with glare reduction devices
only in the sections where such devices are considered neces-
sary in view of the design speed and alignment. Installation
of glare reduction devices can be omitted in the sections with
the following characteristics.
a) The median strip has a width of 7 m or larger.
b) The difference in the elevaticn of centerline in opposing
directions is 2 m or greater
c) Lighting devices are installed continuously.

{3) Structura! Specifications
(i) Height

The height of a glare reduction device is set at 1.4 m on
the assumption of combinations of opposing passenger ve-
hicles and of a passenger car and a large-size vehicle running
in the opposite directions.

(ii) Shading angle

The shading angle & in the case where passenger ve-
hicles passing other vehicles are moving in opposing direc-
tions with a 50 m gap between them is calculated by the fol-
lowing equation.

B85 . e '
#=1tan’! 50 9" 30

In order to reduce the headlight glare of a vehicle passing
other vehicles for another vehicle travelling in the opposite
direction, greater shading angle is required. Full shading, how-
ever, narrows the view of the driver and deteriorates a view
of opposing traffic during patrol. Therefore, a shading angle
of approximately 10 degrees has been selected to provide
partial shading.

7. Fences Against Falling Objects

The purpose of installation of fences against falling ob-
jects is the prevention of objects from falling from overbridges
down to expressways or the prevention of objects from jump-
ing beyond the vehicles on expressways to areas out of the
expressways, to ensure Iraffic safety,

(1) Types .
Fences to prevent falling objects are grouped into the fol-
lowing two types according to their purposes.

(i) Fences to prevent objects dropping from overbridges: In-
stalled on overbridges

(i) Fences to prevent objects falling off expressways: Installed
along roadsides of expressways

(2) Places of Installation
(i) Fences to prevent objects dropping from overbridges
a) National highways and major prefectural roads
b) Overbridges in densely populated areas used by a large
number of people and vehicles _
c) Overbridges designated as school-commuting roais °
d} Other sections where installation of fences is degmed
necessary

(i1) Fences to prevent objects falling off expressways
a) Sections crossing or nearing railway tracks
b} Sections crossing or nearing heavily trafficked trunk
roads
¢) Sections in the vicinity of housing areas
d) Other sections where installation of fences is deemed
necessary

{3) Area of installation

The area of installation of fences to prevent objects fall-
ing off expressways include the area crossing the facili}ty to
be protected and the adjacent allowance area. The adjacent
allowance area is shown below.

The adjacent allowance area is represented by the follow-
ing equation. '
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Length of the fence preventing
objects from falling off expressways

Over the facility
to be protected

Adjacent allowance area

* Rai]way track or trunk road
A Y

Length of adjacent allowance area

Love f2HA3) [ oo sinls
g tan a

where, Vo = Speed of object jumping out of
the expressway {m/s)
H = Height from the base of the facility to
be protected to the road surface of
the expressway (m)
e = Crossing angle between the facility and
the expressway (between 0 and 180 degrees)
{ @ =90 degrees is assumed in
the case of proximity)
g = Gravity acceleration = 9.8 m/s’




8. Boundary Fences

(1) Purposes
Boundary Fences are installed to prevent unauthorized

people or animals from entering the expressway and to pre-
vent illegal occupation of the road site.

(2} Installation Sections

@
@
©

® O CECECNGHEC)

®@ ©® e 6

O Boundary Fences are installed in the following places

Sections where other roads are constructed adjacent to the expressway

Sections with houses adjacent to the expressway and with a possibility of people entering the expressway

Scction's with a less-than-3-m difference in elevation between the expressway and the land outside the road area or sections with
a difference in elevation of 3 m or larger where the possibility of entrance is assumed

Around such facilities as interchanges, service areas and parking areas

Rermaining land

Under viaducts

Sections where adjacent land is expected to be developed for housing and there is a danger of illegal occupation

Other sections where instailation of fences is deemed necessary

() Despite the above conditions, boundary fences can be omitied in the following sections.

Sections with channels or ponds where neither entry nor illegal occupation is expected in the future

Sections with retaining walls of a height of 1.5 m or greater, concrete masonry walls or other types of walls, which are
structurally considered free from future entry or illegal occopation.

Sections which are siructurally considered free from future entry or illegal occupation e. g. points of connection with

national highways

Sections which are topographically considered free from future entry or illegal occupation €. g. under viaducts in extremely
steep mountainous areas

Sections whete noise barriers, snow fences and landslide control devices are installed and there is no danger of people’s access
or future illegal occupation

Sections whete occupation is allowed under the overpass

O | Other

In exceptional cases such as the development that integrates embankment slope and roadside facilities, separate studies are made,
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(3) Places of Installation
Boundary fences in the road areas are installed at bound-

aries of the road areas, and those in the remaining land are
installed at boundaries of the land.

<. Reference drawings >

Bondary fence Expressway

Land boundary

Bondary fence

E Frontage road Land boundary

==

Side diich

\, Side ditch

(a)

Land boundary
Bondary fence

Expressway Bondary fence
»* Land bounda

Frontage
road

Side ditch

Overlapping of frontage road
and road proper
' Side ditch
1

Road area

(b}

Expressway

e

Bondary fence Bondary fence

Land bound /
nd boundary N Land boundary
AN Frontage /
road ‘I_Lr-‘?i

\/ Side ditch
Side ditch
Road area
1

(c)

Expressway

Bondary fence

/ Land boundary

Frontage ' /—
road \

Side ditch / Maintenance channel / ‘

Channel Road area
L

(d)
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(4) Types and Use {11) Barbed wires

(i) Wire netting Hilly and mountainous areas
(a) Sections adjacent to national highways and frontage
roads (ii)) Wire mesh
{b) Sections adjacent to buildings Sections in hilly and mountainous areas adjacent to agri-
(c) Sections recognized as urban areas other than (a) and cultural tand
(b} above

- Wirc netting (A, SA1~4,88)  2000(500)%

| |
%y ! Galvanized wire ¢ 4.0mm |
1 ] [
: Deformed wire netting |, § % 3
‘ ¢ 3.2X 56mn !
] 1
\ X % For snowy areas
L <
L L H 1L 10 AL 1 1 A 111 118 L)
1= =
1! il =) 8
ik W =
b b
- Barbed wires (B) ! 2000 y
‘ Galvanized barbed wire |
{_ $26XaPX100m AN
1 1
1 1 o
: ~z | g1 8
L L o[- —_
) :
[ :
: M &
il apls
RK i 2 =
| h : g ! = &
V! i
2000 .
+ Wire mesh (C) r /Galvanized wire ¢ 3.6mm I

3.6mm
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V. TECHNOLOGICAL DEVELOPMENTS

1. ETC (Electronic Toll Collection System)
. less operation and for the reduction of overhead costs. Radio

(1) Qutline
ETC is a new toll collection system currently under de-
velopment for the mitigation of traffic congestion at toll pla-
zas on expressways, the increase of efficiency through cash-

communication between aniennas installed at tol] plazas and
in-vehicle equipment enables automatic toll payment with-

out stopping at toll plazas.

Fig. IV-1 An lllustration of ETC

o Decrease
(2) Objective of lanes 2%
Reduction of traffic congestion at toll plazas is one of the Service areas,
, . ) ] parking areas
major objectives of ETC. At present, the most serious con- ggﬁ“’g%@ge

gestion on expressways is found at toll plazas, where 35% of
congestion is detected, If all the vehicles passing toll plazas
are equipped with the ETC, the capacity is expected to be-
come three to four times as large as at present. Thus a great
contribution to the mitigation of congestion.

Merge points at interchanges
12%

Source:
Japan Highway Public Corporation

Fig. IvV-2 Condition of Traffic Congestion
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(3) Tolt Payment Procedure Under ETC
On expressways where per-distance rate system is applied,

vehicles equipped with appropriate ETC equipment (ETC ve-
hicles) entering the toll plaza receive entrance information
via an antenna installed on the toll plaza.

This means the vehicles receive an invisible ticket. The
ETC vehicles, as they reach a desired exit, send entrance data
from the on-board equipment to an antenna, and the toll is
calculated and charged based on the data received.

a) Entrance information is sent to the on-board equipment
via an antenina at the toil plaza.

b) Entrance information is sent to an antenna at the toll plaza
from the on-board equipment,

¢) Toll is calculated and conveyed to the on-board equip-
ment via an antenna at the toll plaza.

2. VICS {Vehicle Information and Communications
System}

(1) Outline

Quick collection and processing of information on ever-
changing road conditions and real-lime provision of as much
accurate and detailed information as possible are critical to
safe, smooth and comfortable traffic.

JH has been developing VICS, an advanced information
dissemination system which enables drivers to obtain traffic
information real-time.

{2) Mechanism of Information Dissemination

VICS conveys traffic information to drivers real- time to
ensure safe and comfortable travel.

Radio-transmitting beacons installed on the shou!ders of
expressways or national highways use semi-micro waves to
send various messages direct to the equipment in the vehicles
on the highway. Such messages include information on con-
gestion, travel time, traffic disruption, traffic regulations, traf-
fic control and parking spaces.

Places where radio-transmitting beacons are installed??

Beacons are installed three to four kilometers short of
interchanges, one to two kilometers short of toll pla-
zas and three to four kilometers before service areas
or parking areas. They are also scheduled to be placed
before tunnel portals, at interchanges, junctions or
merging points, at congestion points, at points of.
warning of weather changes and at other points.

Fig. V-4 An image of information dissemination by VICS
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