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Railroad Construction Rule Chapter 1 General Provisions

Railroad Construction Rule
[Enforcement Date 23, Mar. 2013] [Ordinance of MOLIT No.1, 23 Mar. 2013, Other

Laws and Regulations Amended]

Chapter 1 General Provisions

Article 1 (Purpose)
The purpose of this Rule is to define the terms and conditions of the railroad

construction guideline in accordance with Article 19 of the [Railroad Construction Act ]

Article 2 (Definition)
The terms used in this Rule shall be defined as follows:

1. "Rolling Stock" refers to a motorized car, passenger car, freight car or special
car manufactured for running on a track.

2. "Train" refers to a vehicle formed for running on a mainline by connecting a
passenger car or a freight car to a motorized car.

3. "Mainline" refers to a railroad installed for the permanent operation of a train.

4. "Siding" refers to railroad other than a mainline.

5. "Design speed" refers to the upper limit speed determined when designing the
railroad.

6. "Railroad" refers to the facilities including track, trackbed and other related
structures necessary for train operation.

7. "Gauge" refers to the shortest distance between the inner sides of both rails, and
is based on 14mm below the top of rail

8. "Cant” refers to the height difference of the rails where the outer rail is higher
than the inner rail to ensure that a train can stably run on a curved section.

9. "Station" refers to the place where railroad facilities for passengers or freight are
provided [including Yard (the place where railroad facilities are provided for
train formation or shunting) and signal station (the place where railroad
facilities are provided for a train to run alternately or wait)]

10. "Switch" refers to the device to change the track for a rolling stock or a train.

11. "Vertical curve" refers to the curve on a vertical section for a train to run
stably on the gradient transitional section.

12. "Track" refers to the structure comprising rail, sleeper, trackbed and accessories.
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Railroad Construction Rule Chapter 1 General Provisions

13. "Ballast" refers to sorted gravel or concrete structure that uniformly distributes

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

train load from rail and sleeper to the trackbed, and holds the sleeper in
position.

"Slack” refers to widening the gauge from outer rail to ensure that a train can
run on a curved section stably.

"Construction gauge" refers to a certain space required for a train to run safely
on the track.

"Catenary" refers to the facilities including cable and support installed along the
railroad to feed electric power to an electric car.

"Depot" refers to the place to handle freight or store rolling stock, and includes
freight depot, rolling stock depot, storage yard, maintenance depot and track
depot.

"signal box" refers to the place to handle a fixed signal (including train control
system) necessary for train operation without facilities for alternate train
operation or waiting.

"Crossing security system" refers to a variety of security systems to secure the
safety of trains, vehicles and pedestrians at a level crossing where road and
railroad intersect.

"Train control system" refers to a system that integrates the interlocking device
and train auto control system to directly control the train’s operation.

"Track circuit" refers to an electrical circuit to detect the occupation of the
track by a train.

"signal" refers to the Signal device or signal sign to indicate the possibility of
train operation at the boundary of block section or at the start of siding.

"Block section" refers to one of several sections where only one single train
shall occupy.

"Interlocking device" refers to the device in which a signal, switch and track
circuit are controlled or operated in a fixed order.

"Communications system" refers to communications lines and accessory
equipment that transmit and receive information on train operation and railroad
operation (through voice, symbol, text or image).

"Exclusive line for EMU" refers to the rail that is dedicated to electric rail
cars, and does not allow diesel passenger or freight trains, to accommodate

urban traffic.
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Railroad Construction Rule Chapter 1 General Provisions

Article 3 (Relationship with other laws)
Unless otherwise specified in this Rule, matters related to the exclusive line for
EMU shall be governed by the [ Urban Railroad Construction Rule] .

Article 4 (Detailed standards)
The Minister of Land, Infrastructure and Transport may prescribe the detailed

regulations necessary for enforcing the standards set forth in this Rule <Amended on
2013.3.23>



Railroad Construction Rule

Chapter 1 General Provisions

AI3A(CHE Wedate] #)
of AN AR ohUish M7 EAPE & Al0]



Railroad Construction Rule Chapter 2 Railroad

Chapter 2 Railroad

Article 5 (Design speed)

Design speed of railroad shall be determined considering economic & social
viewpoint, construction cost, railroad function and future transport demand. However, in
the event that the safety of railroad operation is granted, design speed may be
differentiated depending on the section, taking into account cost efficiency or

topographic features of railroad construction.

Article 6 (Gauge)
Standard gauge shall be 1,435 mm.

Article 7 (Radius of curvature)

Radius of curvature shall be determined considering design speed to ensure the safety
of train operation and ride quality. However, radius of curvature may be reduced at
the section before and after the station, and at the section where siding and turnout are

connected.

Article 8 (Cant)

D Cant shall be provided in response to radius of curvature and operation speed in
order to ensure the safety of train operation and ride comfort and to uniformly
distribute the load on the track, and cant shall be gradually increased or
decreased above a certain length.

(2 Nonetheless, cant may not be provided if it is difficult to install on a curved
section within turnout, or before or after turnout, or on a curved section within

siding.

Article 9 (Imsertion of transition curve)

Transition curve shall be provided between straight line and circular curve or two
circular curves on mainline to ensure the safety of train operation and ride comfort,
with the exception of curves with a large radius of curvature or when connected to
turnout. In addition, when it is difficult to provide a transition curve, necessary

measures shall be taken.
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Railroad Construction Rule Chapter 2 Railroad

Article 10 (Minimum length of straight line and circular curve)
Minimum length of straight line and circular curve on mainline shall be determined

above a certain length, considering design speed.

Article 11 (Gradient of railroad)
Railroad gradient shall be determined considering the characteristics and function of

the railroad as well as the characteristics of an operating train.

Article 12 (Vertical curve)
A vertical curve shall be provided at a location where the gradient changes,
considering train operation speed and vehicle structure, so as not to interfere with the

safety and ride comfort, provided that the safety of train operation is not affected.

Article 13 (Slack)
Slack shall be provided to the circular curve considering radius of curvature and
fixed wheelbase so as to prevent excessive lateral force on the track, except when

excessive lateral force on the track is not likely to occur.

Article 14 (Construction gauge)

(D The range of construction gauge on a straight section shall be as described in
Attachment 1.

@ No building or structure shall be built within the construction gauge, except
temporary facilities including overhead line or suspension necessary for track
maintenance without interfering with train or vehicle operation.

@ Construction gauge on a curved section shall be expanded considering cant or

slack, and shall be inclined depending on cant size.

Article 15 (Center to center distance of a track)

@D Center to center distance of a track on a straight alignment section shall be
determined considering maximum width of rolling stock gauge (length, width
and height limit of railroad vehicle measured while stopped on track to secure
the safety of railroad vehicle), operation safety and ease of maintenance.

(2 When it comes to a curved section, the distance shall be determined by adding
the value equivalent to the enlargement of construction gauge, depending on the

radius of curvature.
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Railroad Construction Rule Chapter 2 Railroad

Article 16 (Formation level width)

Formation level width (reference level of trackbed) on a straight section shall be
determined to maintain the function of the track structure, and shall provide the space
for pole and common duct and evacuation for maintenance workers, and cant shall be

considered on a curved section.

Article 17 (Considerations for track design)

(D Track structure shall be designed to ensure the safety of train operation
considering factors such as standard train load.

(@ Track structure including type and thickness of ballast, and rail weight shall be
determined considering design speed and passing tonnage.

@ Track structure shall be designed considering life cycle cost.

@ Track structure on bridge or in tunnel shall have safety equipment and
disaster-prevention facilities, and protection facilities shall be installed when train
safety is likely to be affected.

® When designing the track, interoperability of the neighboring track (including
those planned), power system, platform type and Signal system shall be taken

into account for smooth train operation in the future.

Article 18 (Railroad crossing)

@D In principle, an overpass shall be installed at a place where road and railroad
intersect. However, a temporary level-crossing can be considered if, for
example, a track work is under construction.

@ A wire line crossing the level-crossing or station area shall be installed under
the ground, but when inevitably necessary due to site condition, it may be

installed above the ground after consultation with authority concerned.

Article 19 (Track signs)

Track signs shall be installed for track maintenance and safe train operation.
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Chapter 3 Station and Depot

Article 20 (Location of station)
Location of station shall be determined considering topographic condition, transport

demand, cost efficiency and distance to neighboring stations.

Article 21 (Station and signal station)
(D Station and signal station shall be equipped with the necessary equipment
depending on the function.

@ A simple station shall have passenger-related facilities only.

Article 22 (Track layout at station)

(D Tracks at station shall be arranged for proper train operation.

(2 Tracks at station shall have an effective length appropriate for train operation
(meaning the maximum track length needed to accommodate a train without
interfering with train or vehicle operation on neighboring tracks).

@ At a station on a single track section or a station where two or more trains
depart or arrive at a time, safety siding shall be provided, except where
operational safety equipment is provided.

@ Track shall not be branched off or intersected at grade other than station or
signal station, except where safety equipment such as operational safety

equipment is provided.

Article 23 (Platform)

(D Platform shall be installed at a straight alignment section, but may be installed
on a curved section when inevitably necessary due to site conditions.

(2 The number and length of platforms shall be determined after considering
transport demand, train operation frequency and type of train.

@ Platform height shall be determined according to the type of train to be stopped.

@ Platform width shall be determined according to transport demand, structure and
equipment on platform.

® Columns and wall structures on platform shall be installed at regular intervals

from the platform edge.

Article 24 (Convenient and safety facilities on platform)

(D Platform passage and stair shall be installed after considering passenger safety.
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Railroad Construction Rule Chapter 3 Station and Depot

2 Width and length of platform roof shall be determined according to platform

size, train length and type.

Article 25 (Turntable)
The length of turntable for power car shall be at least 27m.

Article 26 (Buffer stop and anti-roll equipment)
@D A buffer stop shall be provided at the track end to prevent a vehicle from
running beyond the track area.
(2 Safety device shall be provided when the vehicle could possibly run beyond the

designated zone or run beyond the stop position.
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Railroad Construction Rule Chapter 4 Traction Power

Chapter 4 Traction Power

Article 27 (Receiving voltage)
Receiving voltage at a substation shall be determined considering power receiving

capacity, distance and related power system.

Article 28 (Power receiving line)

@D Type and configuration of power receiving line shall be determined according to
the scale and characteristics of load, geological features, environmental
conditions, power flow, voltage drop, power receiving stability, circuit resonance
and operability.

(@ Power receiving line shall be installed as overhead type or underground type

depending on site conditions, and spare line shall be available for emergency.

Article 29 (Location of substation)

(D Substation (SS) or sectioning post (SP) shall be located at the center of the load
in principle, but shall be determined considering construction and operational
aspects.

(2 Interval between substations shall be determined to be able to maintain a
minimal limit of catenary voltage, and detect fault current occurring from the
feeding system, considering train operation plan, importance of the railroad

section and potential transport demand.

Article 30 (Capacity of substation)
The capacity of substation shall be determined considering potential transport demand,

normal feeding and extended feeding.

Article 31 (Type of substation)
Substation, sectioning post, sub-sectioning post and parallel sectioning post shall be
indoor type, but may be outdoor type depending on environmental condition or cost

efficiency.

Article 32 (Configuration of feeding system)
Feeding system shall be configured considering the size and properties of load and
voltage drop, and a sectioning post shall be installed between substations in order to

feed by direction.
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Railroad Construction Rule Chapter 4 Traction Power

Article 33 (Control of substation)
Control and monitoring of substation or sectioning post shall be based on a
centralized remote control system from the electricity control center, and necessary

equipment shall be provided.

Article 34 (Nominal voltage of catenary)
Nominal voltage of catenary shall be selected from the standard electric railroad

voltages considering the need for safety and cost efficiency.

Article 35 (Wiring of catenary)
Catenary wiring shall be determined by selecting from the safe and reliable systems,

considering the need for cost efficiency and maintainability.

Article 36 (Standardization of catenary)
@D Specifications of catenary system shall be standardized by categorizing them into
appropriate speed levels in order to enhance the system quality.
(2 Catenary shall be designed to have the appropriate performance suitable for the
design speed.

Article 37 (Height of catenary)

Nominal height of catenary (meaning the height from the top of the rail at the point
where steady arm is installed to the contact wire) shall be within a range of 5,000
mm to 5,400 mm at all temperature conditions, and the nominal height of the track
shall be determined considering rolling stock gauge, freight height, safety, cost
efficiency and current collection quality. However, for the existing line, catenary height

may be reduced at or near the tunnel, overpass or bridge section.

Article 38 (Deviation of catenary)

With regard to deviation of catenary (meaning lateral distance deviated from track
center perpendicular to rail top at the point where steady arm or support is installed),
catenary shall be within the range of collecting plate of pantograph when a train stops
and runs, even in the worst case scenario, in order to ensure that the collecting plate

of pantograph can be uniformly worn out.
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Railroad Construction Rule Chapter 4 Traction Power

Article 39 (Grounding)
(D Grounding equipment shall be installed to constrain the increase of rail potential
even in the event of an accident such as grounding fault in order to protect the
public and prevent both damage by lightning and electric shock by induction.

(2 Common grounding shall be used to connect all groundings.

Article 40 (Insulation distance)
The energized part of catenary shall maintain the minimum insulation distance from
the ground, structure, other cables or plants depending on voltage level and pollution

area, even in the worst conditions.

Article 41 (Height of overhead feeder wire)
Height of feeder wire installed with bare wire shall be higher than catenary, and

proper insulation distance shall be maintained.

Article 42 (Strength of catenary facilities)
The support and accessories of overhead catenary shall be designed according to the
safety factor of the maximum wind velocity, snowfall, highest and lowest temperature

and topographic condition as well as seismic load.

Article 43 (Electrical sectioning device)

Catenary shall have an electrical sectioning device at regular intervals or for
operational purposes so as to limit the feeding stop section in an emergency or for
maintenance, and a proper interval shall be provided between electrically isolated

facilities.

Article 44 (Intersection with power transmission/distribution line)

AC overhead catenary shall not, in principle, intersect with other power transmission
or distribution cables with different voltage levels (except those at locations other than
the exclusive railroad site) or weak current cables; however, this may be allowed

according to other regulations when inevitably necessary.
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Railroad Construction Rule Chapter 4 Traction Power

Article 45 (Safety facilities at crossing and overbridge)

(D When installing a catenary at a crossing where an automobile passes, beam or
span-wire shall be installed on both sides of track or above the road with
danger signs.

(2 When installing a catenary under the overbridge, high level platform or bridge,
safety facilities shall be provided when safety could potentially be threatened.

Article 46 (Tunnel lighting)

Lighting system and exit sign shall be provided in tunnels over a certain length for
safe train operation and passenger safety in an emergency. However, this must be in
accordance with the life safety standards in Building Code or Firefighting Regulations,
if applicable.
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Railroad Construction Rule Chapter 5 Signal and Communication

Chapter 5 Signal and communication

Article 47 (Signal)

@D The structure and shape of railroad signal display and indicator shall be
designed in a manner that does not cause any misunderstanding.

(@ Optimal signal system shall be chosen either in the form of ground or onboard
type depending on headway, track capacity (maximum daily operation
frequency) and safety as well as efficiency of train operation.

@ When an onboard system and communication-based train control system are
adopted, a device that transmits various Signal information to the driver shall
be installed.

Article 48 (Switch)
Electrical switch shall be installed on mainline or major sidings for train operation

safety, while manual switches may be installed at less important siding.

Article 49 (Track circuit)

@ Track circuit to detect track occupation by a vehicle or a train shall be installed
to control the interlocking device including signal and switch, and other Signal
systems. However, this may be replaced with other appropriate systems in the
case of a communication-based train control system.

@ Track circuit shall be a closed track circuit type. However, it may be installed

with a combination of an open and a closed track circuit type.

Article 50 (Interlocking device)
Interlocking device shall be installed at a station, signal box and depot where signals

or switches are installed for efficient and safe train operation including shunting.

Article 51 (Train control system)
Train control system comprising interlocking device and many control devices shall
be installed to enhance the safety of train operation and train speed so that the track

capacity will eventually be increased.
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Article 52 (Automatic train stop system)
Automatic train stop system shall be provided to prevent train collision or collision
from behind, but it may not be provided when the equipment with the automatic train

stop function is installed.

Article 53 (Block system)
A device to secure blocking shall be able to display signal depending on the

condition of the block section or to guarantee the block.

Article 54 (Central traffic control system)
@D Central traffic control (CTC) system shall be installed at a section where
centralized signal operation and train operation control are more favorable.
(2 Remote Signal control device may be installed when operating the signal at

other stations is more favorable.

Article 55 (Safety equipment of railroad crossing)
Safety equipment of railroad crossing shall be installed at a level crossing where

road and railroad intersect in order to secure the safety of train, vehicle and pedestrian.

Article 56 (Protection of the signal)

D Protector shall be provided to protect the signal from burning if abnormal
voltage occurs due to lightning or catenary grounding fault.

(2 signal shall be equipped with grounding equipment to protect people and prevent
the signal from burning, if necessary, and common grounding type shall be
used.

@ The signal at the AC contact wire section shall be protected from induced

voltage or electromagnetic wave.

Article 57 (Power supply system of the signal)

Power supply system shall be a dual system.
Article 58 (Communication system)

Communication system and cable shall be installed for system stability and user

convenience.
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Article 59 (Transmission system)
Transmission system shall be able to stably transmit data necessary for train

operation and railroad operation, such as voice, symbol, letter or image.

Article 60 (Train radio system)
Train radio system shall be installed for safe and efficient train operation as well as

effective communication between train operator and maintenance worker.

Article 61 (Automatic fare collection)
Railroad station shall have an automatic fare collection system to provide automatic

station service including ticketing, ticket collection, related accounting and statistics.
Article 62 (Protection of communication facilities)

Wire and wireless communication system shall be protected from induced voltage,

electromagnetic wave or lightning.
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Railroad Construction Rule Supplementary Provisions

Supplementary Provisions
<Nol63, 2009.9.1>

Article 1 (Effective date)
This Rule shall take effect on the date of its promulgation.

Article 2 (Interim measures on railroad under design or construction)

Railroad under design or construction according to previous regulation shall follow

revised regulation.
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Railroad Constructions Rule Attachment

Supplementary Provisions
<Nol, 2013.3.23> (Enforcement regulations of MOLIT and subordinated agencies)

Article 1 (Effective date)
This Rule shall take effect from the date of promulgation <conditions skipped>

Article 2 through 5 skipped

Article 6 (Revision of other laws)

D through <99> skipped

<100> Part of Railroad Construction Rule is revised as follows.

“Minister of Land, Transport and Maritime Affairs” in Article 4 is replaced by
“Minister of Land, Infrastructure and Transport”

<101> through <126> are skipped

Attachment / Format

[Attachment 1] Construction gauge on a straight alignment section (relating to Article 14-1)
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Railroad Constructions Rule Attachment

Construction gauge on a straight alignment section (relating to Article 14-1)
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Railroad Constructions Rule Attachment

Details of rail parts within the construction gauge

1,435 135
al a _or
S
1. In an ordinary case.........ccccevercvrrverurenunnnnnns a=75+8S
2. when a guard rail is at one side
Side with guard rail..........coccoevvveciieiennne a=40+ S
Side without guard rail........c.ccceevuernennnee. a=75+38S
3. In case of tongue rail........cccoccvvevrrvrcurennnnn. a=70+S
4. In case of crossing part al............. Side with crossing guard rail
- Side with wing rail
al+a2............ as 90 + 28 a =40+ S
5. In case of crossing with guard rail a=65+38S
Example

Construction gauge in an ordinary case, but it shall be more than 7,010 mm
when structures crossing the railway are to be built.

The limit of the superstructure, excluding the overhead catenary and the suspension.
This gauge, if necessary for (D the bridge, tunnel, overpass and nearby the each
end of them, may be reduced to , @ the existing bridge, tunnel, snow
cover, overpass and nearby the each end of them, until it is refurbished, may
be tentatively reduced to the limit marker ** after approval

The limit for construction gauge, exclusive for overhead catenary, may be
reduced if necessary for Signaling pole, catenary support, door and interior
equipment of the garage, as well as, the existing bridge, tunnel, overpass and
nearby the each end of them on mainline (exclusive for Jungang Line, Taeback
Line, Yeongdong Line, Hwangji Line, Gohan Line and Hambaek line).

t+++ +++ The limit for construction gauge for switch sign
—+————— The limit for construction gauge for platform and storage yard

-+~~~ The limit for construction gauge for crossing Unit: mm
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Attachment
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4.8 B a2 i s v s v Sl X 0
S .o =4
T 2IEE8] B oy hwa v v v v a4 a & a= 75 +8S
2. BtZ0| D=0l A= A2
HSERIED $EE v smen s owow o5 sma a=40+ S
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4. AZAMBEC HAL  atl ... JEA JtEH g0 AEE
a2 ..., 24 Y0l A=FE
AT ®82 ¢« v v 90 + 28 A a=40+ 3
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Regulation on Railroad Construction
Standards

Chapter 1 General Provisions
Chapter 2 Track

Chapter 3 Station and Depot
Chapter 4 Traction Power

Chapter 5 Signal and Telecommunications
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Regulation on Railroad Construction Standards Chapter 1 General Provisions

Provisions on Railroad Construction Standards

Ministry of Land, Transport and Maritime Affairs Notice 2009-832, amended 2009. 9. 1.
Ministry of Land, Transport and Maritime Affairs Notice 2012-553, amended 2012. 8.22.
Ministry of Land, Transport and Maritime Affairs Notice 2013-236, amended 2013. 5.16.
Ministry of Land, Transport and Maritime Affairs Notice 2014-607, amended 2014.10.15.

Chapter 1 General Provisions

Article 1 (Purpose)

The purpose of this Regulation is to define in detail the standards necessary for

implementing Railroad Construction Standards according to Article 4 of the [ Railroad

Construction Rule] .

Article 2 (Definition)
The terms used in this Regulation shall be defined as follows:

L.

"Rolling Stock" refers to a motorized car, passenger car, freight car or special
car manufactured for running on a track.
"Train" refers to a vehicle formed for running on a mainline by connecting a

passenger car or a freight car to a motorized car.

3. "Mainline" refers to a railroad installed for the permanent operation of a train.

"Sub-mainline (mainline for stop) refers to a mainline in the same directional
operation at a station for the purposes of handling and emergency evacuation of

passenger and freight train.

5. "Siding" refers to railroad other than a mainline.

"Design speed" refers to the upper limit speed determined when designing the
railroad.

"Railroad" refers to the facilities including track, trackbed and other artificial
structures necessary for train operation.

"Gauge" refers to the shortest distance between the inner sides of both rails, and
is based on 14mm below the top of rail

"Cant" refers to the height difference of the rails where the outer rail is higher

than the inner rail to ensure that a train can stably run on a curved section.
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Regulation on Railroad Construction Standards Chapter 1 General Provisions

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

"Station" refers to the place where railroad facilities for passengers or freight
are provided [includes Yard (the place where railroad facilities are provided for
train formation or shunting) and signal station (the place where railroad
facilities are provided for a train to run alternately or wait)].

"Switch" refers to the device used to change the track for a rolling stock or a
train.

"Vertical curve" refers to the curve on a vertical section for the train to run
stably on the gradient transitional section.

"Track" refers to the structure comprising rail, sleeper, trackbed and accessories.
"Ballast" refers to sorted gravel or concrete structure that uniformly distributes
train load from rail and sleeper to the trackbed, and holds the sleeper in
position.

"Formation level" refers to the reference level when forming the trackbed.
"Slack" refers to widening the gauge from outer rail to ensure that a train can
run on a curved section stably.

"Construction gauge" refers to a certain space required for a train to run safely
on the track.

"Rolling stock gauge" refers to the limit of length, width and height of a
rolling stock measured while a train is stopped on a track to ensure the safety
of the rolling stock.

"Effective length" refers to the maximum length of the track required to
accommodate a trainset without interrupting the movement of the trainsets or
vehicles on the neighboring track.

"Turntable" refers to the device used to change the direction of a locomotive or
move it from one track to another track.

"Catenary" refers to the facilities including cable and support installed along the
railroad to feed electric power to an electric car.

"Depot" refers to the place to handle freight or store rolling stock, and includes
freight depot, rolling stock depot, storage yard, maintenance depot and track
depot.

"Simple Catenary" refers to one of the catenary systems, which has a single
messenger and a contact wire to suspend the catenary system, and it includes a
Heavy Simple Catenary.

"Headway" refers to the time interval between a preceding and a following
train, and the minimum acceptable value for headway is called minimum

headway.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

"signal station" refers to the station to handle a fixed signal (including train
control system) necessary for train operation without additional facilities for
crossing or wating train operation.

"Safety equipment of railroad crossing" refers to various security systems to
secure the safety of trains, vehicles and pedestrians at a level crossing where
road and railroad intersect.

"Train control system" refers to a system that integrates the interlocking device
and train auto control system to directly control the train operation.

"Track circuit" refers to an electrical circuit to detect the occupation of the
track by a train.

"signal post" refers to the Signal device or signal sign to indicate the allowance
of train operation at the boundary of a block section or at the start of siding.

"Absolute signal" refers to a signal that allows a train to approach only after
approval by a responsible person after the train has to be stopped when the
signal displays a stop sign.

"permissive signal" refers to a signal that allows a train to approach at a speed
less than speed limit without approval after the train is stopped when the signal
displays a stop sign.

"Block section" refers to one of several sections where only one single train
shall occupy.

"Interlocking device" refers to the device in which a signal, switch and track
circuit are controlled or operated in a fixed order.

"Communications system" refers to communication lines and accessory
equipment that transmit and receive information on train operation and railroad
operation (through voice, symbol, text or image).

"Railroad traffic control system" (hereinafter referred to as "Control system")
refers to the system for controlling and monitoring a train or vehicle
intensively, including central traffic control device (CTC), Train radio system,
control telephone and CCTV.

"Exclusive line for EMU" refers to the rail for an electric multiple unit (EMU),
excluding diesel passenger or freight train, to accommodate urban traffic.

"Exclusive line for HSR" refers to the track for high-speed railroad according
to Article 2.2 of the Railroad Construction Act.
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Regulation on Railroad Construction Standards Chapter 1 General Provisions

38. "Speed up" refers to the improvement of train speed by upgrading alignment,
trackbed, track and Signal system of the existing line.

Article 3 (Relationship with other regulations)

Unless otherwise specified in other regulations for railroad construction standards, this

provision shall be applied.
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Construction Rule and Regulation Chapter 2 Track

Chapter 2 Track

Article 4 (Design speed)
@ Considering following issues, cost and effectiveness analysis according to the

various speed range shall be evaluated to determine the design speed of a new
or an upgraded line:

1. Effectiveness analysis considering total cost including initial construction,
operation, maintenance and rolling stock procurement cost

2. Inter-station distance
3. Function of the line
4. Potential transport demand, among others.
(@ Design speed may be changed when it is difficult to maintain the same design
speed as other sections in the line including a section passing downtown,
starting and ending part, before or after station, and urban areas, or when it is

not economically feasible to maintain the same design speed.

Article 5 (Gauge)
Standard gauge shall be 1,435mm.

Article 6 (Radius of curvature)

(D Radius of curvature on mainline shall be higher than the values specified in the
following table.
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Construction Rule and Regulation Chapter 2 Track

: Minimum radius of curvature (m)
Design speed V' (km/h)
Ballast track Concrete slab track

350 6,100 4,700

300 4,500 3,500

250 3,100 2,400

200 1,900 1,600

150 1,100 900

120 700 600

V<170 400 400

(Note)  Values other than the above shall be calculated according to the following

equation by applying maximum applied cant and maximum cant deficiency in Article 7.

11.8V?
C. +C

max d,max

R>

where, R : radius of curvature (m)
V : Design speed (km/hour)

C_..  Max. setting cant (mm)

max

C

d,max

: Max. deficient cant (mm)

@ Despite the regulation of (D above, radius of curvature may be reduced to the

limit, as follows:

1. inevitable sections such as before and after a station

Design speed V' (km/hour) Minimum radius of curvature (m)
200 < V < 350 Adjustable depending on speed
150 < 7 <200 600
120 < ¥ < 150 400
70 < ¥V < 120 300
V<170 250

2. Exclusive line for Electric multiple unit (EMU): 250 m irrespective of design
speed

@ When extended to sub-mainline, siding or turnout, radius of curvature may be

reduced to 200 m. However, it may be reduced to the following table for an

exclusive line for high-speed railroad (HSR).
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Chapter 2 Track

Classification

Minimum radius of curvature (m)

Mainline and sub-mainline

1,000 (or 500 if inevitably necessary)

Turmback track and, arrival and departure track

500 (or 200 if inevitably necessary)

Article 7 (Cant)

@

Cant shall be calculated according to the following equation in order to ensure

operational stability and ride comfort as well as uniform distribution of the

pressure on the track within a curved section, and the applied cant and

deficient cant deficiency shall be equal to or less than the value in the

following table.

V2

C : Applied cant (mm)
V : Design speed (km/hour)

R : Radius of curvature (m)

C, : Cant deficiency (mm)

Design speed V'

Ballast track

Concrete slab track

Max setting Max deficient Max setting Max deficient
(km/hour) 1 1
cant (mm) cant (mm) cant (mm) cant (mm)
200 < ¥ < 350 160 80 180 130
v < 200 160 100? 180 130

) Maximum cant deficiency shall be applied only when a transition curve exists, or

when cant deficiency is gradually increased.

@ If upgrading to a high-speed railroad, maximum cant deficiency may be up to 120 mm.
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Construction Rule and Regulation Chapter 2 Track

@ When actual speed is significantly different from design speed, cant excess shall

be examined according to the equation below, and shall not exceed 110 mm.

c,=C 118V02
)

: Cant excess (mm)
: Applied cant (mm)
: Train speed (km/hour)

o S O QD

: Radius of curvature (m)

@ Despite the regulation of (D above, cant may not be applied for the cases
where a curve within or before or after the turnout, a curve on siding or in
other locations where the cant can hardly be applied and where the safety of
train operation is ensured.

@ Cant according to the regulation of (D above shall be diminished within the
length described below.

1. When transition curve is provided: Whole length of transition curve
2. When transition curve is not provided: Minimum reduction length (m) shall not

be less than 0.6AC. Here, AC refers to cant variation (mm)

Classification Location of diminishing
Curve and straight line Diminished from start/end point of curve to straight line ")
Double curve Diminished on the curve of large radius

" Shall be diminished on a straight line in principle, but can also be diminished on a curved section

when inevitably necessary due to track upgrading.

Article 8 (Imsertion of transition curve)

(D On a mainline, a transition curve shall be provided when a curve with radius of
curvature less than the value specified in the table below is connected to a
straight line. However, the wvariation of the cant deficiency limit in the
regulation in (2 may be applied when extended to the turnout, or when an

existing line is upgraded.
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Construction Rule and Regulation Chapter 2 Track

Design speed V' (Km/hour) Radius of curvature (m)
250 24,000
200 12,000
150 5,000
120 2,500
100 1,500
V<70 600
(Not)Values other than the above shall be calculated according to the equation below.
)
R= %”Vm

where, R : Radius of curvature (m)
V : Design speed (km/hour)
AC, ¢ Variation limit of the cant deficiency (mm)
Variation of the cant deficiency refers to the difference in equilibrium cant between
neighboring alignments, and the threshold shall be as follows, and others shall be
calculated by linear interpolation.

Design speed V (Km/hour) Variation limit of the cant deficiency (mm)
350 25
300 27
250 32
200 40
150 57
120 69
100 83
V<70 100

@ Transition curve shall be provided when variation of the cant deficiency within
turnout exceeds the values in the table below.
1. Exclusive line for HSR

Turnout speed v
v <70 70 < v <170 170 < v < 230
(km/hour)
variation limit of the cant
) 120 105 85
deficiency (mm)

2. Other

Turnout speed v

(km/hour)
\Variation limit of the cant deficiency

v < 100 100 < v <170 | 170 < v < 230

120 141-0.21v 161-0.33v

(mm)
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Construction Rule and Regulation Chapter 2 Track

@ On a mainline, a transition curve shall be provided when two circular curves
meet, and transition curves at both sides may be directly linked. When
necessary, two circular curves may be directly linked or linked through
intermediate line instead of transition curve, and in this case the estimated
variation of the deficiency shall be equal to or less than the value in the
regulation in (D.

1. When no intermediate line exists

R, R

dlI _ T | i R,
AC, =Cy +Cy, | chz Cdll |—4—|Cd2
T
AC, :lcdl - Cd2|

2. When intermediate line exists and the length is less than the reference value.

Ly

Ca Ca[ |l ————
AC, =Cy +Cys 7 |
AC, =max(C,y,Cphy)

When intermediate line exists, the reference value (L ) of the intermediate

s, lim

line shall be as follows depending on the design speed.

Design speed V' (km/hour) Reference value of intermediate line length (m)
200 < V < 350 05V
100 < V < 200 03V
70 < ¥V < 100 025 ¥V
V<170 02V

3. When intermediate line exists and the length is equal to or greater than the
reference value in the regulation in (@, it shall be in accordance with the
regulation in (D as in the case of a straight line meeting with a circular curve.

@ The length of a circular curve in the regulation in (D (m) shall be the greater
value among those calculated by the equation below, but in the case of Article

6-2, it may be reduced depending on the radius of curvature.
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Construction Rule and Regulation Chapter 2 Track

Lp=GAC Ly = GACG,
L, : Length of transition curve depending on cant variation (m)
L, : Length of transition curve depending on the variation of cant deficiency (m)
C; : A multiple depending on cant variation
C, : A multiple depending on the variation of cant deficiency

AC : Cant variation (mm)

AC, : Variation of cant deficiency (mm)

Design speed V' A multiple depending on A multiple depending on
(km/hour) cant variation variation of cant deficiency
350 2.50 2.20
300 2.20 1.85
250 1.85 1.55
200 1.50 1.30
150 1.10 1.00
120 0.90 0.75
V<170 0.60 0.45

(Noi©) Vialues other than those above shall be calculated by the equation below.

A multiple depending on cant variation: ¢, = —713(1)3/
. ) o . 6.18V
A multiple depending on variation of cant deficiency: G = 000

where, V' : Design speed (km/hour)

(® Transition curve shall be a cubic parabola.

Article 9 (Minimum length of straight line and circular curve)
Minimum length of a straight line and a circular curve on the mainline shall meet or
exceed the values in the Table below depending on design speed, but may be

determined differently when extended to sub-mainline, siding or turnout.
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Design speed ¥ (km/hour) Minimum length of straight line and circular
curve (m)
350 180
300 150
250 130
200 100
150 80
120 60
V<170 40

(Ne')Values other than those above shall be calculated using the equation below.
L=05V
Where, L : A minimum length of straight line and circular curve (m)
V : Design speed (km/hour)

Article 10 (Gradient of railroad)
(D Gradient of a mainline shall be equal to or less than the value in the table

below depending on the design speed.

Design speed V' (km/hour) Maximum gradient (per mil)
Passenger only 250 < ¥ < 350 3503
200 < ¥V < 250 25
150 < ¥ < 200 10
Passenger-freight mixed 120 < V < 150 12.5
70 < V <120 15
V<170 25
Exclusive line for EMU 35
()" Mean gradient for a continuous 10 km-long alignment shall be 25/1000 or less.
@ Alignment with a gradient of 35/1,000 shall not exceed 6 km in a row.
() However, when upgraded to HSR and when the operational safety of the train is
granted, gradient may be adjusted accordingly, considering the characteristics of the
rolling stock.

@ Despite the regulation in (D, the maximum gradient may be adjusted up to the

following values when inevitably necessary.
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Chapter 2 Track

Design speed V' (km/hour)

Maximum gradient (per mille)

200 < V < 250

30

150 < V < 200 15
120 < V' < 150 15
70 < V<120 20
V<70 30

(Not©) ‘'When upgraded to HSR, gradient may be adjusted accordingly, considering the
characteristics of the rolling stock.

@ When a curved section exists, it shall be less than the value calculated by

deducting converted gradient according to the equation below from the gradient
in the regulations of (D and @.

G, : Converted gradient (per mille)

R : Radius of curvature (m)

G

c

_ 0

@ Despite the regulations in (D, @ and ), gradient of the mainline within station
platform and other stop zone shall be 2/1000 or less. But, gradient may be up
to 10/1,000 for the exclusive line for EMU on a mainline where a train is
separated or not connected, may be up to 8/1,000 for other lines, and may be

up to 35/1,000 for the siding without storing the train.

(® Minimum length of the straight line between vertical curves shall be equal to or
greater than the following value:

L=15V/3.6

L: Length with the same gradient between vertical curves (m)
V. Design speed (km/hour)

® Despite the rules in D, @ and @, if the operational safety of train such as

restart after stop, continuous run at design speed and emergency braking

distance is granted, gradient may be adjusted when a station is built on the

mainline or on the existing exclusive line for EMU.
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Article 11 (Vertical curve)

(D When the gradient variation according to the design speed is varies more than

the values in the Table below, a vertical curve shall be provided.

Design speed V' (km/hour) Gradient variation (per mille)

200 < V < 350

1
70 < ¥V < 200 4
V<170 5

(@ Minimum vertical radius of curvature shall meet or exceed the values in the
Table below depending on design speed.

Design speed V' (km/hour) Minimum vertical radius of curvature(m)
265 <V 25,000
200 14,000
150 8,000
120 5,000
70 1,800
(N®)yalues other than those above shall be calculated using the equation below.
R, =0.35V?
Where,

R, : Minimum vertical radius of curvature (m)
V : Design speed V (km/hour)

When 200 < V' < 350 and vertical curve length is less than 1.5V/3.6(m), vertical
radius of curvature may be up to 40,000 m.

@ Despite the regulation in @ the vertical radius of curvature, depending on the

design speed, may be reduced as follows depending on when the design speed

when inevitably when passing through the downtown or urban area.
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Design speed V' (km/hour) Minimum vertical radius of curvature (m)
200 10,000
150 6,000
120 4,000
70 1,300

(N©)yalues other than those above shall be calculated using the equation below.
R =0.25V?

Where, R,: Minimum vertical radius of curvature (m)

V : Design speed V (km/hour)

@ Vertical curve shall be inserted to the straight line or to the curve having one

circle center, but when inevitably necessary,

it may be extended to the
transition curve or to the straight line including transition and curve having one
circle center in concrete track only.

Article 12 (Slack)

(D Slack calculated according to the equation below shall be provided to the gauge

on a curved section where the radius of curvature is 300 m or less, The
inserted slack shall be 30 mm or Iess.

2400,
§= 58

S : Slack (mm)
R : Radius of curvature (m)

S’ : Adjusted value (0 ~ 15mm)

@ The slack according to the regulation in (D above shall be diminished within
the same length shown in Article 7-4.

Article 13 (Construction gauge)

(D Construction gauge on a straight alignment shall be in accordance with Article
14-1 of the Railroad Construction Rule (hereinafter referred to as "Rule").

@ No building or structure shall be built within the construction gauge, with the

exception of overhead contact line, catenary or temporary maintenance

equipment which do not interfere with train or vehicle operation.
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Construction Rule and Regulation Chapter 2 Track

@ Construction gauge on a curved section shall be expanded by adding the value
shown below to a straight alignment, but the upper part of the construction
gauge excluding overhead contact line and catenary may not follow this rule.

1. Expansion due to the curve

_ 50,000 24,000 )
R R

W: Expansion in both directions from the track center (mm)

w

(for Electric multiple unit, W=

R: Radius of curvature (m)
2. Bias depending on cant and slack

Bias of inner side of curve 4 = 24C + S
Bias of outer side of curve B = 0.8C
A: Bias of inner side of curve (mm)
B: Bias of outer side of curve (mm)
C: Setting cant (mm)
S: Slack (mm)

@ Expanded construction gauge of the regulation in (Qabove shall be gradually

decreased within the length below.

1. When transition curve is 26 m or longer: Entire length of transition curve

2. When transition curve is less than 26 m: 26 m or longer extending transition
curve and straight line

3. When ftransition curve is not provided: 26 m or longer in straight from
start/end point of a curve

4. When a double curve is provided: 26 m or longer. In such a case, a reduction

shall be made on a curve with larger radius of curvature.

_35_



Chapter 2 Track

Construction Rule and Regulation

)

o

A

bt

k9
yul

A o]

=

olel w

o
=
o
mJ

e

)A
Hr

2 v E)

AzFAAA 2

W

]_

file)
Nt

1

oJ el A A

]

Nyl

o w&

il

5}

@A13

=

9
yul

of of

Ag7roz 26ME o]

Hr
o
ﬁo

)
G

)
Hr
o
ol

T
Hr
i

ﬁo

st
g

Hr
o)

_35_

bt

k9
yul

A 3



Construction Rule and Regulation Chapter 2 Track

Article 14 (Center to center distance of a track)

@

When installing two tracks in parallel outside the station, track spacing shall
meet or exceed the values depending on design speed. For an exclusive line for
HSR, it may be adjusted considering each of the following. When installing
three or more tracks in parallel with track spacing less than 4.3 m, one track

spacing among neighboring tracks shall be 4.3 m or greater.

Design speed V' (km/hour) Minimum track spacing (m)
250 < ¥V < 350 4.5
150 < V < 250 4.3
70 <V <150 4.0
V<70 3.8

1. Pressure when two trains are crossing

Safety of maintenance worker under train wind (when sufficient safety space

between tracks is available)

3. Error in track installation

5.

Safety against derailment caused by cross-wind and crossing trains at a
maximum speed on a straight and curved section

Maintenance convenience and etc.

@ Center to center distance of a track shall be is 4.3 m or greater for adjacent

tracks at a station (including depot), and if more than 6 tracks are installed in
parallel, track spacing at every 5 ftracks shall be at least 6.0 m. For an
exclusive line for HSR, track spacing between the passing track and the
sub-mainline shall be 6.5 m; however, this may be reduced when a windbreak

fence is provided.

@ In case of the regulations in D and @ above, a sufficient space for catenary

@

post or signal, when installed, shall be added.
Track spacing on a curved section shall be further expanded by adding the
expanded construction gauge in Article 13-3 to the track spacing according to
the regulations in (D through 3. But, when radius of curvature is 2,500 mm
or larger, expanded width may not be applied.
When upgrading to HSR, track spacing may be adjusted considering design

speed and the conditions described in the regulation in (D.
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Article 15 (Formation level width)
(D Distance from the track center in the earthwork section to the top of formation
slope (hereinafter referred to as "formation level width") shall be as follows:

1. Straight section: It shall meet or exceed the values below depending on design

speed
Design speed Minimum formation width (m)
V' (km/hour) Electrified Non-electrified
250 < ¥V < 350 4.25 -
200 < ¥V < 250 4.0 -
150 < ¥V < 200 4.0 3.7
70 < V <150 4.0 33
V<70 4.0 3.0

2. Curved section: The width of ballast slope extended by cant shall be added to
the width according to the regulation in (D (not added in the case of a
concrete track)

@ Despite the regulation of (D above, formation width may be adjusted within the
range of securing the safety of maintenance workers and train operation when a

line is upgraded to HSR.

Article 16 (Notes on track design)

(D In designing the track structure, a passenger-freight mixed line shall be based on
KRL2012 standard live load in Attachment 1, a passenger line shall be based
on 75% of KRL2012 standard live load in Attachment 2, and the exclusive line
for EMU shall be based on EL standard live load in Attachment 3. if needed,
the load of the train in operation or the load of the train to be operated,
whichever will grant safety, shall be applied.

@ In designing a track structure including the type and thickness of trackbed and
rail weight, structural stability and safety of the train operation safety shall be
ensured according to each of the following:

1. Type of trackbed shall be determined depending on design speed, passing

tonnage, operational safety and cost efficiency.
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2. Thickness of ballasted track shall meet or exceed the values below depending

on the design speed. In addition, the thickness of tracks other than the
ballasted track may vary depending on the characteristics of the trackbed to be

installed.
Design speed V (km/hour) Minimum track thickness (mm)
230 <V < 350 350
120 < V < 230 300
70 <V <120 270(1)
vV <170 250(1)

O CWR shall be 300mm

(Note)

Minimum thickness shall include the mat.

3. Rail weight, in principle, shall meet or exceed the values below depending on

®

@

®

design speed, but may be adjusted considering passing tonnage, axle load and

operation speed.

Rail weight (kg/m)

Design speed V' (km/hour)
Mainline Siding
V> 120 60 50
V<120 50 50

In designing a railroad structure, life cycle cost including construction and
maintenance cost shall be taken into account.

Railroad structure such as bridge or tunnel shall have safety and disaster
prevention facilities, and protection facilities shall be provided at locations
vulnerable to the safety of train operation.

In designing railroad, connection structure to a neighboring track(including the
track planned), train power system, platform type and Signal system shall be

taken into account for smooth operation.
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Article 17 (Railroad crossing)
(D When the road intersects the railroad according to Article 18 of the Rule, it

shall be a multi-level crossing in principle, except when it will be
decommissioned or relocated in the future.

Safety facilities shall be installed at crossings including existing railroad
crossings according to the regulation (D above or temporary crossings during

construction.

@ Cables crossing a level-crossing or station area shall be laid under the ground,

but when inevitably necessary due to site conditions, they may be installed at

ground level.

Article 18 (Railroad post)

The posts below that are necessary for maintenance and safe train operation shall be

provided to the track.

L.

NSk W

Kilo post at every 200 m

Gradient post wherever the gradient is changed

Speed post wherever train speed is limited or caution is required

Vehicle contact gauge wherever the track is branched off.

post indicating the boundary of a station where an home signal is not installed
Warning sign for pedestrians at a crossing if needed

Danger sign for electrical shock at a catenary section vulnerable to electric
shock

Other posts or markings, including station center sign
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Chapter 3 Station and Depot

Article 19 (Location of station)
@ In determining the location of a station, each of the following shall be taken
into account.
1. Topographic features, track condition, technical conditions including train
operation and compatibility with regional economic and traffic conditions
2. Accessibility to the downtown or economic and traffic hub, and limit in
gradient within a station
(@ Inter-station distance shall be determined considering operation condition and

economic feasibility.

Article 20 (Station and signal station)

Station shall have the operational facility for train stop and departure, passenger
facility, and freight facility, including the following. But simple stations need to have the
minimum facilities required for passenger service.

1. Operational facility: Track (including catenary), signal (including signal post),
posts (including clearance post, overhead line terminal indicator) switch and
signal control panel.

2. Passenger facility: Passenger service (lounge, passage, platform), station service
(office, ticket booth), elevator/escalator, other (A/C, lighting, etc.)

3. Freight facility: Loading deck, passage, sorting / storage and transport facilities

Article 21 (Track layout at station)
(@D Track layout at a station shall be designed considering train operation plan,

efficiency, safety, potential expansion and the following.

1. Effective overall perspective within a station and straight alignment for safety

2. Turnout on a mainline needs to be minimized, and turnout numbers shall be
determined considering train speed

3. Effective shunting without conflict at a station

4. Siding shall be installed at one side to minimize crossing over a mainline, if
possible

5. Equipment storage track and material yard shall be installed at a station

considering the need for maintenance
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Construction Rule and Regulation Chapter 3 Station and Depot

(@ Station track shall have the effective length specified below. Effective length
shall be greater than the total distance including sight distance from the starting
signal, safety allowance for overrun, locomotive length, passenger train length
and braking distance from rail insulation joint. But when it comes to an
exclusive line for EMU or diesel, the length of the locomotive shall be
excluded.

1. Effective length of mainline
A. Between the car limit posts when installed at both ends of the track
B. Between the car limit posts and the starting signal, if a starting signal is
installed
C. Between the car limit posts or the starting signal and the front of buffer
stop, if a buffer stop is installed

2. Effective length of siding
A. Between the car limit posts when turnouts are installed at both ends
B. Between the car limit posts and the front of buffer stop if buffer stop is at
the end of track
C. Effective length around turnout shall be up to the front end of point in the
case of standard turnout when innermost turnout is opposed to the train.

@ Safety siding shall be installed at the station where a single track or two or
more trains or cars depart or arrive at the same time, except where an
operation safety device is already installed.

@ Tracks shall not be branched off or crossed at other locations than station or

signal station, except where a safety device is already installed.

Article 22 (Platform)

@ Platform shall be installed on a straight alignment section, but may be installed
on a curved section with radius of curvature 600 m or more when inevitably
necessary, e.g., site conditions.

2 The number of platforms shall be dependent on transport demand, train
operation frequency and type of train, and the length of platform shall be
determined by adding the following extra length to the maximum train length
(passenger train includes locomotive)

1. Passenger train / Express EMU for mainline at ground level: 10 m
2. Passenger train / Express EMU for mainline under ground level: 5 m
3. EMU at ground level: 5 m

4. EMU under ground level: 1 m
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Construction Rule and Regulation Chapter 3 Station and Depot

@ Platform height shall be as follows:

1. Passenger train with stairs: 500 mm from rail surface

2.

Cargo deck height shall be 1,100 mm from rail surface

3. The height of platform for the train without stairs such as EMU (hereinafter

@

referred to as "Elevated platform") shall be 1,135 mm from rail surface, but
shall be 1,150 mm for ballasted track

The height of the elevated platform on a curved section shall be determined
considering the gradient by cant.

Platform width shall be determined considering transport demand, platform

structure and equipment.

® Poles including lighting post and catenary pole on platform shall be at least 1.5

m away from platform edge, while wall structure such as station, underpass
entrance and communication equipment room shall be at least 2.0 m away from
platform edge to provide effective width of passage, but the structure not used

by the passenger may be allowed for 1.0 m.

® Distance from the track center to the end of platform or loading deck shall be

1,675 mm for concrete track and 1,700 mm for ballasted track, and on a
curved section, extra values for curve, vehicle inclination and slack shall be
added.

For a concrete track of EMU, distance between the track center and the
platform edge shall be 1,610 mm (distance from vehicle edge to platform edge
shall not exceed 50 mm). But in the case of a ballasted track, it shall be 1,700

mim.

Article 23 (Convenient and safety facilities in platform)

(D Passage and stairs on platform shall meet the following requirements considering

L.

safety of passengers.
Width of passage and stairs shall be at least 3 m, but can be 2 m if
necessary.

One stair landing shall be provided every 3 m for passenger stairs.

3. Handrail shall be provided for passenger stairs.

Exit sign shall be provided to indicate fire escape.
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Construction Rule and Regulation Chapter 3 Station and Depot

(2 Width and length of platform roof shall be determined considering platform
scale, train length and type.

Article 24 (Station construction)
(D Scale of station shall be determined based on ridership and station employees.
(2 When installing passenger facilities (lounge, toilet, etc.), station and service
support facilities (office, crew lodging, etc.) as an integrated facility, it shall be

planned to minimize the scale considering their complex use and layout.

Article 25 (Turntable)

(D Turntable shall be at least 27 m long.

(2 Turntable shall allow rolling stock to smoothly move in and out, and when
turntable is installed at the end of a track, a buffer stop or an opposite track
may be provided.

@ Turntable structure shall include the drainage plan.

Article 26 (Buffer stop and anti-roll equipment)
(D A buffer stop shall be provided at the end of the track to prevent a train from
overrunning beyond the end of the track.
@ A safety facility shall be provided at a location where a rolling stock could

possibly run beyond the track, causing damage.

Article 27 (Depot construction)
D Depot location shall be determined considering the following.
1. Turnback time and distance
2. Area availability for installing the depot facility and expandability
3. Connectivity to the existing infrastructure including water and sewage line,
electrical power and fuel
(2 Storage tracks to accommodate the rolling stock before and after maintenance
shall be provided as follows:
1. Storage track for individual cars (length of storage track shall be determined
depending on the number of cars for storage)
2. Storage track for trainset (length of storage track shall be determined

depending on the number of trainsets for storage)
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Construction Rule and Regulation Chapter 3 Station and Depot

@ Track layout at depot shall be planned to minimize the in and out movement of
vehicles, and the gradient of storage tracks shall be zero in principle. However,
when inevitably necessary, it shall be within 2/1,000, and the stored vehicles
shall not be moved out of the boundary by gravity.

@ Tracks at depot shall include storage track, test track, inspection track, cleaning
track, wheel grinding track, in/out track and departure/arrival track, and in
particular, the wheel grinding track shall have the effective length to
accommodate one trainset before / after the underfloor wheel lathe.

® Depot shall have inspection, cleaning, environmental protection, welfare,
operation and inspection supplement facilities depending on vehicle type and
inspection level.

® The storage capacity of the depot shall be determined by considering present or
potential needs as well as operation plan, and the future train operation plan
shall be based on 30 years.

@ Catenary of each track within the depot shall have a safety device to check and
isolate the power as needed. However, construction gauge according to Article
13 may not be applied to the working platform installed for the worker’s

safety.
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Regulation on Railroad Construction Standards Chapter 4 Traction Power

Chapter 4 Traction Power

Article 28 (Receiving voltage)

Receiving voltage at substation shall be determined considering electric capacity,

distance and other power system after consultation with the power supplier, and shall be

selected from the nominal voltages given below.

Nominal voltage (KV) 22.9, 154, 345

Article 29 (Delivered power line)

@

@

®

The Configuration of delivered power system shall be planned considering
3-phase short circuit current, 3-phase short circuit capacity, voltage drop, voltage
unbalance rate and voltage distortion ratio, and protective relay shall be
properly corrected after consultation with the power supplier.

Allowable level of harmonics at receiving end of substation shall be determined
in consultation with the power company.

Delivered power line shall be either an overhead line or underground line,
according to the topographic conditions and regional characteristics (urban, rural
or mountainous area) and resident needs, and spare line shall be available for

emergency situations.

Article 30 (Location of substation)

Location of substation (SS) and sectioning post (SP) shall be determined after considering

the following.

1

2.

. Must be near the power source (for substation only)

Must be a location convenient to transport the substation equipment and
material, including transformer

Must be a location to minimize the air pollution and salt damage or other
natural disaster

Must be a location that has no negative effects on protected districts
(development restriction area, cultural properties protection, military facilities) or
protected facilities

Location where coasting operation (driving by inertial motion instead of power)
of train at substation or sectioning post area is possible

. Location where civic complaints are fewer
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Regulation on Railroad Construction Standards Chapter 4 Traction Power

Article 31 (Capacity of substation)
(D The bank shall be based on current load as well as future demand in estimating
the capacity, and standby transformer shall be included.
(2 The capacity shall be determined based on maximum output for an hour or
instantaneous maximum output under normal train load condition by feeding

section.

Article 32 (Type of substation)
Substation, sectioning post, sub-sectioning post and parallel post shall be, in principle,
the indoor type, but it shall be the outdoor type in each of the following cases.
1. When substation is a significant distance from any residential area and fewer
public complaints are expected.
2. When less air pollution or salt damage is expected
3. When the pollution is not dense

4. When it is difficult to install the indoor type

Article 33 (Configuration of feeding system)

(D Feeding transformer at substation shall use Scott connection, and the secondary
circuit of the feeding transformer shall in principle have the same phase as the
neighboring substation, except when it is inevitably necessary to connect to
previously installed lines.

(@ Feeding system shall be AC, single-phase, 25,000 V (nominal) Auto Transformer.

@ Sectioning post (SP) shall be designed to extend feeding from one SS section to
another SS section.

@ Sub-SP with auto transformer and sectioning device shall be installed between
SS and SP where train operation would potentially be affected by a voltage
drop.

® SP and sub-SP shall be designed to connect to the up and down line in
parallel, but when it is necessary to separate or is unnecessary in the point of

voltage drop, parallel circuit may not be installed.
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Regulation on Railroad Construction Standards Chapter 4 Traction Power

Article 34 (Control of substation)

(D SS and SP shall be designed to be controlled and monitored remotely by
electricity dispatch center as well as for control partially in substation or the
panel control at the site in preparation for local control, if necessary.

@ Electricity dispatch center, SS, SP or other location necessary for control shall
have communication equipment, and electricity dispatch center shall have an
information processing device to support the operation of a traction power

system and to record and manage the operation history.

Article 35 (Nominal voltage of catenary)

(D Nominal voltage of catenary shall be a single-phase, AC 25,000 V (25,000 V
for contact wire — rail and feeder — rail and 50,000 V for contact wire -
feeder). If DC power is used, it shall be 1,500 V.

@ In the system with nominal voltage of single-phase, AC 25,000 V, continuous
maximum voltage of contact wire shall be 27,500 V and continuous minimum
voltage shall be 19,000 V. However, the maximum voltage allowed for 5
minutes shall be 29,000 V and the catenary shall be designed to conform to

such voltage standard.

Article 36 (Type of catenary)
Catenary configuration type shall be either a Simple Catenary or a Rigid Catenary

Article 37 (Standardization of catenary system)

(D Catenary shall be categorized into 7 grades for standardization and quality, as

follows:
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Regulation on Railroad Construction Standards Chapter 4 Traction Power

Catenary speed grade Design speed V' (km/hour)
350 km/h 350
300 km/h 300
250 km/h 250
200 km/h 200
150 km/h 150
120 km/h 120
70 km/h 70

@ In dynamic performance of catenary, the contact loss ratio at the relevant design
speed shall be within 1%.

Article 38 (Height of catenary)

(D Nominal height of contact wire of overhead catenary shall be 5,000 to 5,200
mm depending on the speed grade of catenary. But, for speed grade of catenary
200 km/h or less it may be increased to 5,400 mm for the whole section of
line considering the loading height of particular cargo.

@ Notwithstanding the regulation of (), nominal height of contact wire may
adjusted within a range that ensures the safety of train operation when the track
is upgraded to increase the speed or the container is stacked in a double layer.

(@ The height of contact wire may be partially elevated at a level crossing section
for safety purposes, and partially lowered when passing the existing structures
such as tunnel, overbridge or bridge.

@ Maximum sag of contact wire within a span shall be within 1/1,000 of nominal
height.

(® Gradient of contact wire shall be within the values below depending on design

speed, but no gradient shall be allowed at an air section, air joint or turnout

section.
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Regulation on Railroad Construction Standards Chapter 4 Traction Power

Design speed V' (km/hour) Gradient (per mille)
V> 250 0
250 1
200 2
150 3
120 4
V<170 10

Article 39 (Deviation of catenary)

(D 1t shall be less than 200 mm from both sides, excluding special sections such
as overlap or turnout section.

@ To ensure even wear of the pantograph contact strip, an optimal deviation
guideline for each span length shall be provided considering radius of curvature,
track condition, train speed, railroad electric vehicle deviation, wind and
temperature effect and catenary construction error.

@ Deviation guideline for special section including turnout may be provided
separately, but contact wire shall not be outside of the current collecting range

of pantograph contact strip.

Article 40 (Grounding)
(D Grounding shall satisfy the following requirements.
1. Current passing through the human body when contacted shall be 15 mA or less.
2. If it is easily accessible by people, continuous rating potential shall be 60 V
or less.
3. If it is not easily accessible by people, continuous rating potential shall be 150
V or less
4. Instantaneous rating (less than 200/1,000 sec) potential shall be 650 V or less.
@ For grounding facilities, the following shall be taken into account to protect
from lightning.
1. A fault protective wire shall be installed as overhead line.
2. Common grounding wire shall be provided along the track.
3. Cross connection wire for connecting the rail, a fault protective wire and
buried grounding wire shall be provided at intervals of 1,000 m on average,

or 1,200 m at maximum, on a regular basis.
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Regulation on Railroad Construction Standards Chapter 4 Traction Power

4. Metallic enclosure for wayside equipment, metallic conduit, structure and steel
fence shall be connected to common grounding wire, but when it is difficult
to connect to the common grounding wire because of site conditions,
grounding may be in accordance with [ Standard for Electrical Facilities | .

5. Grounding terminal box shall be installed at intervals of 250 m.

@ All metallic devices at electric railroad site where AC catenary is installed
shall be grounded if they may be exposed to the person or maintenance worker

during maintenance without cutoff the power of catenary.

Article 41 (Insulation clearance)

Minimum insulation clearance when nominal voltage is 25,000 V or 50,000 V shall be

as follows:
Minimum clearance (mm)
Classification
25,000 V 50,000 V

Ordinary area 250 500

Polluted area 300 550
(Note) Polluted area: Seaside area where salt damage is likely, tunnel with dense dust or
industrialized area with severe pollutant.

Article 42 (Height of overhead feeder)
The height of an overhead feeder installed as bare wire shall be higher than the

contact wire, and proper insulation clearance shall be maintained.

Article 43 (Strength of overhead catenary facilities)

(D Maximum wind velocity (mean value for 10 minutes) applied to strength design
of overhead catenary support shall be based on the first to the third highest
value for the past 40 years, or based on the values in the table below (the
height from the ground’s surface shall be based on the height of the contact
wire, and "seaside" shall be the area within 30 km from the coastline). But, a

maximum wind velocity of 40 m/sec shall be applied to tunnel.
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Regulation on Railroad Construction Standards Chapter 4 Traction Power

Height from ground’s surface Ordinary area (m/sec) Seaside area (m/sec)
10 m or less 35 40
30 m or less 40 45
More than 30 m 45 50

(2 Maximum ambient temperature shall be 40C and minimum ambient temperature
shall be -25C, and recommended reference temperature for installation shall be 10C.
But, if the recorded temperature in the region has been below -25 or -30C for the
past 40 years, minimum design temperature shall be -30 or -35C, and maximum and
minimum ambient temperature in tunnel section 400 m inside from the portal shall be
30C and -5C, respectively, and the reference temperature for installation shall be 1
5C.
@ Earthquake load acting on the support, foundation and support wire shall be
added, to the extent of as much as 6% of structure mass horizontally and 3%

vertically from the gravity center of the structure.

Article 44 (Electrical sectioning device)

@ Air section shall have at least 300 mm static horizontal clearance between two
contact lines in parallel.

(@ Section switch shall be provided, and the switch to energize the neutral section
shall be provided to ensure that a train can run out of the neutral section on
its own.

@ Length of neutral section shall be sufficient so as not to cause a short circuit
between the sectioning posts considering maximum train length and
inter-pantograph distance of a train (inter-pantograph distance connected by the
same circuit)

@ A sectioning device shall not be installed at the location where railroad electric
vehicles stop regularly or wait for train control or signal operation.

Article 45 (Intersection with overhead power transmission / distribution line)
Intersection between AC overhead catenary and HV overhead transmission / distribution

line shall be allowed only in the following circumstances:
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Regulation on Railroad Construction Standards Chapter 4 Traction Power

1. When cable is used for HV overhead transmission / distribution line

2. A hard-drawn copper stranded conductor with sectional area at least 38 mm’
or the cable with equivalent strength is wused for HV overhead
transmission/distribution line

3. When the interval between the supports for overhead transmission/distribution
line is 120 m or less

4. When the distance between the energized part of catenary and overhead

transmission/distribution line is 2 m or longer

Article 46 (Safety facilities at the crossing and overbridge)

(D Beams or span wires for catenary at a crossing shall be sufficiently distanced
from the catenary, and metallic structure shall be grounded and safety facilities
shall be provided.

(2 The height of the beam or span wire from the road’s surface shall be lower
than the height of the contact wire minus 500 mm.

@ When installing an overhead catenary under overbridge, elevated platform or
bridge, distance between the energized part of the catenary and the structure
including the overbridge shall be at least 300 mm, and messenger wire and
feeder shall be sheathed wire or covered with insulating tube.

@ Safety facilities below shall be installed on overbridge, elevated platform or
bridge which the overhead catenary passes.

1. Safety wall or protective net shall be installed at overbridge or -elevated
platform. For an over-road bridge, however, rigid fence shall be installed
together with at least 3 m high safety partition to protect against throwing.

2. Metallic parts of the bridge such as handrail or girder shall be grounded.

3. Danger sign shall be provided for safety if necessary.

Article 47 (Power distribution line)

D The power distribution line shall be supplied from the railroad substation, or AC
3-phase 22,900 V or 6,600 V shall be supplied directly from the power
supplier.

@ Power distribution line shall be a multi-line for the following cases, and the
route of the multi-line shall be separated in principle.

1. Single track: Single line (a double line as needed)
2. Electrified double track: Double line
3. Underground and two double tracks: Triple line
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@ The source for Signal shall be supplied from the railroad HV power distribution
line through a signal transformer, and shall be redundant for normal and
emergency cases, and when normal service through the dedicated power
distribution line is not available, two or more normal power lines with a
different network shall be used.

@ When the power distribution line is installed using cable, conduit, common duct
or common hole shall be used to protect the cable, manhole or hand hole shall
be provided at a cable connection, branch point or intersection, and spare

conduits/ducts shall be provided when crossing the railroad or road.

Article 48 (Tunnel lighting)
(D Tunnel lighting shall be provided in the following cases.
1. Straight section: 120 m or more for a single track, 150 m or more for a
double track and 200 m or more for a HSR
2. Radius of curvature more than 600 m: 100 m or more for a single track and
130 m or more for a double track
3. Radius of curvature less than 600 m: 80 m or more for a single track and
110 m or more for a double track
@ In case of power failure, a guide light shall be installed, which can be turned

on continuously for more than 60 minutes.
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Chapter 5 Signal and Telecommunications

Article 49 (signal equipment)

signal shall be installed immediately above the track or on the left side of the track.
When installing the same type of signal at the same location for two or more entry
tracks, the signals shall be aligned with the entry track, except when this is impossible

due to site conditions or for other reasons.

Article 50 (Home signal and absolute signal indicator)
(D Home signal or absolute signal Indicator shall be installed on the track to the
station, except for the station in the middle of a block section.
2 A Home signal shall be installed on a single pole with single signal and single
route indicator. However, when this is impossible two or more Home signal

may be installed at the same location with a point by distinguishing the entry
tracks.

Article 51 (Starting signal and absolute signal indicator)

(D Starting signal or absolute signal indicator shall be installed on the track from
the station, except at stations where a point is installed.

(2 When there are two or more tracks branched off from the same departure track
a route signal shall be installed based on a single starting signal, except when
it is inevitably necessary to install a point.

@ When there are two or more different departure tracks at a station, the signals
shall be separately installed in order of track arrangement, but the signal for

mainline shall be installed higher than the signal for siding tracks.
Article 52 (Shunting signal and calling-on signal)

Shunting signal or calling-on signal for shunting or approaching another train to the

track with a train shall be installed at a station.
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Article 53 (Block signal)
A block signal shall be installed at the starting point of block section, except in any
of the following circumstances.
1. When a starting signal or a Home signal is installed
2. When an absolute signal indicator is installed
3. When a block signal is not considered necessary because of low frequency

train operation section, etc.

Article 54 (Protecting signal)
A protecting signal shall be installed at a plane crossing branch within a station or in
the block section, or at other locations that require train protection because of special

facilities.

Article 55 (Advanced signal and repeating signal)

When it is necessary to relay the signals from main signal (Home signal, Starting
signal, Block signal, Protecting signal), an advanced signal (the signal intended to
forecast or indicate the operation condition of main signal) or repeating signal shall be

installed at an appropriate distance in an outward direction.

Article 56 (signal confirmation distance)
signals shall be installed to secure confirmation distance for each of the following cases:
1. Home signal, starting signal and protecting signal: 600 m or longer, but when
a block section is 600 m or less, it may be longer than that.
Hand signal light: 400 m or longer.
Advanced signal, shunting signal and repeating signal: 200 m or longer

Calling-on signal: 100 m or longer

A

Route indicator: 200 m or longer for main signal and 100 m or longer for

shunting signal

Article 57 (Point machine)
@D Type and location of point shall be in accordance with the following cases:
1. Electrical Point: Mainline and siding
2. Mechanical Point (including sign): Less important siding

3. On-board Point: Station siding or frequent shunting location at depot
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(@ Safety device below shall be installed at turnout of major electrical points.
1. When the lead point end is opened by more than a designated value, a device
to detect it.
2. A device that prevents the point adjuster from being loosened easily by

persons other than the maintenance worker

Article 58 (Installation of track circuit)
Track circuit shall be installed according to the following:
1. DC power section: Audible frequency track circuit, High Voltage impulse track
circuit, power frequency track circuit
2. AC power section: Audible frequency track circuit, High Voltage impulse track
circuit, DC biasing track circuit

3. Non-electrified section: Audible frequency track circuit, DC biasing track circuit

Article 59 (Interlocking system)

For effective and safe train operation and shunting, appropriate interlocking systems
shall be installed at a station, signal box and depot where signals and points are
installed, as follows:

1. Electronic interlocking system that locks mutual conditions through
Microprocessor-based software logic
2. Electric interlocking system that locks mutual conditions by combining relay

conditions for each circuit

Article 60 (Train control system)
Train control system shall be designed to systematically integrate the interlocking
system with the following devices.
1. CTC: Centralized Traffic Control
ATC: Automatic Train Control
ATP: Automatic Train Protection
ATO: Automatic Train Operation

CBTC: Communication Based Train Control

N

Other control systems
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Construction Rule and Regulation Supplementary Provisions

Article 61 (Automatic train stop)
Automatic train stop system shall be installed considering the type of train and signal
aspect, as follows:
1. Point control mechanism is to stop a train that runs against a stop signal
2. Speed detection mechanism is to limit train speed or stop a train depending on

speed limit by signal aspect (4-aspect or more)

Article 62 (Block equipment)
One of the following types shall be used considering the operation conditions of a
track when a block section is set.
1. Automatic block system
2. Controlled manual block system
3. Cab signal block system
Article 63 (Centralized traffic control and signal remote control system)
(D Centralized Traffic Control shall consist of central device, station device and
communications network.
(2 Backup control system of the centralized control system shall be provided for
train operation in the event of an emergency.

@ signal remote control system shall be able to control one or more stations.

Article 64 (Level crossing safety system)
@D It shall have a level crossing gate and alarm by default, but the alarm only can
be installed, if required.
@ Level crossing safety system shall include the following devices, and shall be
installed depending on site conditions.
Level crossing alarm (including failure indicator)
Electromotive gate (Crossing barrier)
Fault monitoring and remote monitoring device
Exit barrier detector
Intrusion detector

Constant time controller of railroad level crossing

AU

signal Information analyzer for level crossing
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Article 65 (Protection of signal equipment)

(D signal protectors shall be divided into power and input/output circuit purposes
for installation.

(2 Common earth network (power, signal and telecommunications) shall be used for
grounding in principle. But specific grounding may be used if single grounding
is needed.

@ Fiber optic or shield cable or EMI protector, if necessary, may be used to
protect inductive voltage or electromagnetic interference.

@ When installing control cables, measures to protect against wild animals shall be

taken.

Article 66 (Power system of signal)
@D It shall use low voltage and have standby power for UPS or battery
@ Power for Level crossing safety device shall be supplied from the station or

neighboring transformers directly, and battery capacity shall be appropriate.

Article 67 (Safety equipment)

The following safety devices shall be installed at an exclusive line for HSR for the
safety of train operation and maintenance workers, considering the site conditions and
location. Safety devices shall also be installed at any section where a train runs on a
conventional railroad at a speed of 180 km/h or higher.

1. HBD (Hot Box Detector)
Tunnel alarm Equipment
Maintenance Crew Cross Railroad Device
Turnout heating device
Rail temperature detector
Obstruction detector
Meteorological detector (rainfall, wind velocity and direction, snowfall)

Dragging detector

N A o B

Wayside earthquake monitoring device
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Article 68 (Communications equipment)
@D Communications equipment for train operation, maintenance and passenger
service shall be as follows:
Communications line (including wayside telecommunication booth)
Transmission equipment
Train radio communications system
Communications equipment for station service

AFC (Automatic Fare Collection)

AN

Power and ancillary equipment

2 The power for communications equipment shall be installed to be independent
from the power of other station equipment, and shall be switched to emergency
power for seamless power supply in the event of an emergency.

@ The power equipment for communications equipment shall have the backup

power such as battery, Uninterruptible Power System (UPS), etc. to maintain

normal operation for more than the separately specified time duration in the

event of power failure.

Article 69 (Transmission equipment)

The following transmission equipment shall be installed at a station communications
room to stably transmit all the wired and wireless information (variety of information
such as voice, code, text or video) necessary for railroad and train operation, and the
backbone equipment for the entire communications network shall be a redundancy
configuration.

1. Optical transmission equipment
2. Communication multiplex equipment

3. PCM terminal equipment, etc.
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Article 70 (Train radio communications system)

@ Voice or data information through the train radio communications system shall
be conveyed with reliability and accuracy, and shall be transmitted or received
without interference.

(2 Train radio communications system shall be designed to have stable functions
through system automation, modularization and packaging.

@ Train radio communications system shall have sufficient capacity to support all
voice and data communication among terminals or between land terminals and
onboard terminals.

@ A remote monitoring system to remotely diagnose equipment fault and monitor
failure status shall be installed at unmanned stations such as unmanned base

stations or tunnel radio relays among the train radio communications systems.
Article 71 (Protection of communication equipment)

Communications equipment, cable, etc. installed along the track or at a communications

room shall be protected from inductive voltage or electromagnetic wave, etc.
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Supplementary Provisions

Article 1 (Effective date)

This Regulation shall take effect on the date of its announcement.

Article 2 (Transitional provision)
Service or works in progress according to the previous Regulation shall follow the
revised version, provided the head of the authority concerned recognizes it to be

necessary.
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[Attachment 1] KRL2012 Standard Live Load (Article16-1)

P=220KN |
“D3m | W=8oKN/m

[Attachment 2] KRL2012 Standard Live Load for passenger (Article16-1)

P=160KkN ,I
D=3m W = 60KN/m

i
e
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P=220KN

D=3m
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[Attachment 3] EL Standard Live Load (Article16-1)
Q| Q| Q| (= (=) o Q| (= (=] o
0| 0| 0| 0| vy w 0| 0| vy 0|
N N N N N N N N N N
EL-25 C 4)
1.75/1.75.2.10 10.30 2.10J1.75[1.75 2.10[ 10.30 2.10)1.75/1.75
18.00 18.00
(= (= (= (@] g (@) (=] (= (=) (=
N N N N N N N N N N
N N N N N N (Ef) N N N
EL-22
1.75/1.75.2.10 10.30 2.10]J1.75/1.75 2.10[ 10.30 2.10)1.75/1.75
18.00 18.00
(= (= (= o (=] o O (= (=) (=
3 8 8 3 8 8 ﬁ) g g 4
EL-18 — — 4
1.75/1.752.10 10.30 2.10)1.75/1.75 2.10[ 10.30 2.10)1.75/1.75
18.00 18.00
unit: kKN, m
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