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1. Main Objective

Technical and Format Update of
UIC Leaflet 719

“Earthworks and Track bed construction for Railway Lines”

&
UIC Leaflet 722

“Methods of improving the track formation of existing lines”
Into

International Railway Solution (IRS)
IRS Design of Earthworks and Track Bed for Railway
Lines
&
IRS Maintenance and Improvement of Earthworks and
Track Bed of Existing Railway Lines
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15t meeting - Paris - May-2016

2"d meeting - Madrid - September-2016
3'Y meeting - Paris - October-2016

4t meeting - Madrid - March-2017

5th meeting - Madrid - October-2017

6" meeting - Madrid - March-2018

(Presentation of the final draft of IRS Design)
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3. Working Groups

(and corresponding Work Packages)

« WG#1: Soll classification and materials

« WG#2: Transition zones

« WG#3: Design criteria

« WG#4: Asphalt & bituminous layers

« WG#5: Soil treatment

 WG#6: Hydraulic sensitivity, drainage, flood risk, soil
liquefaction,...
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4. I RS DeSign comes from UIC Leaflet 719 carthworks and Track bed construction for Railway Lines

Current UIC Leaflet 719

Contents

2-

Earthworks and track bed for new lines ........cccevicececnnnn.

2.1 - Geotechnical and hydrogeological studies..........ccc....
211 - GENETal e
21.2- Preliminary studies........._...__.__.____.
2.1.3- Main ground investigation................

2.1.4- Supplementary ground investigation..
2.1.5- Supervision of investigations ............
2.1.6 - Geological and geotechnical report ...

2.2 - Suitability of soil for substructure works.........ccueeminiienn

221- Bodyofthe embankment ...
Summary 222 - Prepared subgrade (embankments and cuttings) ...
1- Terminology and classification of soilz and subgrades ............... 2.3 - Design and construction of earthworks. ... s
o 231- General
1.1 - Definitions ..o 232- Stabiliy analysis of ear i
111 - Geotechnical symbols, terms, definitions and units ... 23.3- Construction of embankments and prepared subgrades .
1.1.2- Schematic cross section 23.4- Earthworks on highly compressible or expansive soils.
1.1.3 - Geosynthetics 23.5- Transitions between structures and earthworks ...
2.4 - Composition and thickness of the track bed layers to give
1.2 - Geotechnical classifioation Of SOMHS ... oo eeeeeeeeseens the desired bearing capacity.........miini
121- General 241 - Typical track bed CONSIMUCTION ...t
M I eni 242 - Determination of the thickness of the track bed layers to give
122- soils . 3 -
the desired bearing capacity ... e
1.2.3- Organic soils ) )
. . N 2.5 - Protection against frost........is s
1.2.4 - Mixture of mineral and organic soils ...
251 - Track bed layers
1.3 - Classification of subgrades according to bearing capacity......... 2 o ) )
i i 25.2- Parameters for determination of required depth of frost protection ...
13.1 - Soil quality classes 253- Use of frost penetration depth chart
1.32- Bearing capacity classes for subgrade .. 2.6 - Properties of materials and construction of track bed layers......ccceinenns
1.4 - Frost susceptibility of soils. 2.7 - Control of compaction ...
2.8 - Drainage of SUDGIAde ..o s s s s
281 - Ground water
282- Surface water

2.9 - Special construction methods and materials for new lines.

291 - Treatment of soil stabilisation with binding agents.
292- Track bed layers of limestone compacted with cement or bituminous layers .
293- Asphalt coating
294- Concrete sub-ballast
295 - Industrial by-products and recycled products
2.10 -Ballastless track ..o s

2.10.1 - Definition used in this paragraph
2102 - Interfaces between supporting structure and earthwork ..

3-

Praaiilililig .

Maintenance of earthworks and track bed on exizting lines..........
3.1 - General MaINEENANGE ..o s s
3.2 - Maintenance of earthworks on existing lines ........ccovvviinianen
3.2.1 - General remarks, inspection and day-to-day maintenance ...
3.2.2- Geotechnical and hydrogeological investigation.................
3.2.3- Inventory of remedial measures (with comments) ...
3.3 - Maintenance of track bed layers......c.ni )
331- General
33.2- Determining factors "
3.3.3- Methodology of studies for maintenance of the track bed layers
and subgrade
33.4- Local repairs
3.4 - Vegetation Gontrol......ie o s

Chapters 1.1.4.
and 3. will go into
IRS Maintenance
Contents
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4. IRS Desigh New proposal for TABLE OF CONTENTS

1.

Introduction and scope

Definition of the cross section of a railway structure
2.1 Ballasted track
2.2 _Ballastless track (slab track)

Classification of materials for railway structures
3.1_Materials for subgrade or infrastructure

3.2 _Materials for track bed layers or superstructure
3.3.Frost susceptibility of soils {1.4)

Earthworks and track bed layers for new lines

4 1.Geotechnical and hydrogeological studies (2.1)
4 2 General (2.3.1)

4 3 Earthwork: embankment

4 4 _Earthwork: cutting or excavation

4 5 _Prepared subgrade / form layer

4 6.5ub-base layer / blanket layer

4 7 Ballast layer (2.6)

4 B_50il treatment

24t January 2018
T&S-TTI common meeting

Transition zones (2.3.5)
5.1.General ideas
5.2.Design

Ballastless track (Slab track) (2.10)
6.1.General ideas
6.2_Design

Construction requirements
7.1_Earthworks and track bed layers
7.2 .Transition zones

7.3 _Ballastless track (Slab track)
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Introduction and scope

Definition of the cross section of a railway structure
2.1.Ballasted track
2.2 Ballastless track (slab track)

Classification of materials for railway structures
3.1 Materials for subgrade or infrastructure
3.1.1 Definitions
3.1.2 Classification of soils and rocks
3.2_Materials for track bed layers or superstructure
3.2.1.Materials for ballast layer 5
3.2.2 Materials for subballast layer
3.3 Frost susceptibility of soils {1.4)

Earthworks and track bed layers for new lines [
4 1 Geotechnical and hydrogeological studies (2.1)
4 2 General (2.3.1)
4 3 _Earthwork: embankment
4.3.1 Materials {2.2.1)
4.3.2 Foundation (2.3.2.3. 5 2.3 4]
4.3.3 Stability analysis (2.3.2)
4.3 .4 Settlement analysis
4 4 Earthwork: cutting or excavation
4.4.1 Materials {2.2.1)
4 4 2 Stability analysis (2.3.2)
4 5 Prepared subgrade / form layer
4 5.1 Thickness (1.3.2)
4.5.2 Materials (2.2.2)
4.5 3 Drainage (2.8)
4 6.5ub-base layer / blanket layer
4 6.1 Granular layers
4611 Thickness [2.4.2)
4612 Materials {2.6)

24t January 2018

T&S-TTI common meeting

4. IRS Desigh New proposal for TABLE OF CONTENTS detailed

4613, Sublayers (2.4.1)
4.6.1.4. Protection against frost (2.5 & 1.4)
4.6.2 Asphalt or bituminous layers
4.7 Ballast layer (2.6}
4. 8.50il treatment
4 8.1 Materials to be treated
4. 8.2 Methods of treatment
4 8.3 Treated material properties

4 8.4 Use of treated material

Transition zones [2.3.5)
5.1 General ideas
L.2.Design

Ballastless track (Slab track) (2.10)
6.1.General ideas
6.1.1.Definition
6.1.2 5lab track analysis
6.1.3. 5lab track cross section
6.1.4 Transition zones
6.2 Design
6.2.1 5lab track System Requirements
6.2_2 Railway traffic loads
6.2_3 Substructure

6.2 4 Environmental conditions

Construction requirements
7.1 Earthworks and track bed layers
7.1.1 Construction of embankments and prepared subgrades (2.3.3)
7.1.2 Control of compaction (2.7)
7.1.3 Special construction methods and materials for new lines [2.9])
7.2 Transition zones
7.3.Ballastless track (Slab track)
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railway structure

1. Introduction and scope
2. Definition of the cross section of a

2.1 Ballasted track
2.2 Slab track (Ballastless track)

Fig. 31 - Schematic cross-section

Table 2 : Terms and examples

subgrade

Layers Surfaces Examples of materials
used
c3 Rail surface c Running (rail top)
- Rail steel
Super- c2 Sleeper - Timber
structure - Steel
- Concrete
c1 Ballast - Crushed hard stone
B5 Sub-ballast layer b2 Blanket layer - Bitumen cover
- Mineral aggregate
B4 Foundation layer - Sandy gravel |, 1l, 100, 120
- Sandy gravel CFF
rifra- B3 Filter layer - Sand
siructure - Geotextile
B2 Prepared b1 Prepared - Compacted
subgrade subgrade - Replacement fill
- Stabilization
B1i Embankment
A Natural subgrade a Surface of natural

24t January 2018
T&S-TTI common meeting

- Definition of railway track section
:>- Superstructure/understructure
- Track bed layer:

Ballast+Subballast

1 . - Spain =

Y1 #

P v — /
o . == V(B y
0 Lfe
/—"——_______.-__
= Nivel de 6 Nivel de
plataforma explanada
1 - Balasto 4 - Explanada mejorada o
- ; capa de forma
2| - Subbalasto 5 - Terraplen o desmonte

3 - Capas de asiento

L g - Drenes longitudinales
ferroviarias

Type dwarsprofiel.

Sidetrack
upperstructure Zijpad "_{_"L' ..f._} 4 J_+ _.I-—r_\
( Vo W { D,
Bedding | wwwwwm i
XY Onderloag. N S Subballast Baver (olten 0/33)
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. Zijdelingse
Be |g| um afwatering
drainage
orm layer
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1. Introduction and scope
2. Definition of the cross section of a
railway structure

2.1 Ballasted track

2.2 Slab track (Ballastless track)

5.1Ballastless track system, subsystems and components

A ballastless track system may consist of (but is not limited to) following levels of subsystems and
components shown in Figure 1.

Key Item Type
1 Rail /switch and crossing Subsystem
2 Fastening system /system for embedded rail Subsystem

Clip, clamp, rail pad etc. Component

Adhesive Component
3 Prefabricated element Subsystem
Sleeper, black Component
Slab, frame Component
4 Intermediate layer, boot, fixation Subsystem
Concrete filling layer Component
5 Pavement Subsystem

Single-, multi-layered pavement Component

Base layer Component
6 Intermediate layer Subsystem
Foil, sheeting Component
Compensation layer Component

7 Substructure System

Figure 1 — Ballastless track system - subsystems and components

—

v' Use of Slab Track section from

EN 16432-2:
Railway applications - Ballastless
track systems - Part 2: System
design, subsystems and
components

distortion”
as slab

v Include “angular
and “settlements”
track design criteria.
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4. IRS Design

3. Classification of materials for railway structures
3.1 Materials for subgrade or infrastructure
3.1.1 Definitions

3.1.2 Classification of soils and rocks

PRINCIPLES
v’ Concepts for UIC Materials groups (QSi) are kept

v’ Classification according to EN 16907-2 “Earthworks.
Classification of materials”

v Classification based on test results
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4. IRS Design

v According to EN 16907 “Earthworks”

3. Classification of materials for railway structures Ef;r:t‘i’('j’tysize cstiuyen
3.1 Materials for subgrade or infrastructure |:> Organic Material Content test
3.1.1 Definitions Y . Soluble Sulphate Content test
3.1.2 Classification of soils and rocks By 6351 f,fcl)zgftsezltt CPeTNSH
CBR
QSO QS1 QS2 QS3 Swelling test
Parameter Unsuitable Poor Average Good __ Collapse test
material material material material
oo | ov-ce S7ST an-san
MOSa - SIM - CIM CGrW - CGrN GrW-SaW
MOSi CIH - LOSa CSaWw -
MOCi - PE LOSi - LOC CSaN — .
Organic material 6 <6 <2 <1 CIaSS|f|c§t|on
content (%) of Soils
Sulphate content
(SO3%) >10 <10 <1 <0.1
Soluble salt -1 <1 <05 <00
content(%)
CBR <3 >3 >5 >17
Free swelling (%) >3.0 <3.0 <2.0 <1.0

Collapse (%) >2.0 <2.0 <1.0 <0.5
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Parameter
Fragmentability (NF P
94-66)

Degradability
UNE 146510

Micro Deval
(EN 1097-1)

Los Angeles Index test
(EN 1097-2)
Slake Durability Test

Soluble Sulphate
Content (%)

Soluble Salt Content (%)

Organic Material
content (%)

Density (EN 1097-6)

Unixial Compression
Strength

= ) 4
CENTRO DE ESTUDIOS
¥ EXPERIMENTACION
DE 0BRAS PUBLICAS

Qs1
Poor material

FR=27 %

DR > 2%
*DR > 20%

MD >40

LA >40

<1,7t/m3

< 5 MPa

|\l

QS2

Average material

FR<7%

DR = 2%
5<DR<20%

25 <MD <40

30 <LA<40

>70% (ADIF)

>1,7 t/m3

5-50 MPa

QS3
Good material

FR< 7%

DR < 2%
DR < 5%

MD <25

LA <30

<1%

<2%

>1,7 t/m3

>50MPa

24t January 2018
T&S-TTI common meeting

v According to EN 16907
“Earthworks”

v' By Tests:

" Particle requirements
Fragmentability (NF P 94-66)
Degradability (UNE
146510=ASTM D 4644, and
NF P 94-67)

Micro Deval (EN 1097-1)

Los Angeles Index (LA) (EN
1097-2)

& Slake Durability Test (¢?)

Chemistry requirements
Soluble Sulphate Content
test
Soluble Salt Content test
Organic Material Content test
Strength requirements
Density (EN 1097-6)
Uniaxial compression test

Classification of Rocks
for filling purposes
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v According to EN 16907 “Earthworks”

3. Classification of materials for railway
structures
3.1 Materials for subgrade or
infrastructure
3.1.1 Definitions
3.1.2 Classification of soils and rocks

Chemistry requirements
Soluble Sulphate Content test
Soluble Salt Content test
Organic Material Content test
Strength requirements
Density (EN 1097-6)
Uniaxial compression test
Deformation modulus in

:> v By Tests:

SO
Q . Qs1i
Parameter Unsuitable .
. Poor material
material
Soluble Sulphate Content (%)
Soluble Salt Content (%)
Organic Material content (%)
Density (EN 1097-6
Y ) <1,7t/m3
&?)
Unixial Compression
<5 MPa

Strength
Deformation modulus in <125 12,5<E,,<
static plate test (Ev, - MPa) ' 25

static plate test (Ev2)

Qs2
Average material

Qs3
Good material

<1%
<2%
Classification of Rocks
f/l’z >1.7 t/m? as railway structure
m
support
520 >50MPa
MPa
25<E, >80
<80
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4. Earthworks and track bed layers for new lines |

PRINCIPLES BASED ON
v Material coming from current UIC 719
v’ ldeas coming from EN 16907

v Part 3 “ Construction procedures”

v’ Part 4 “Soil treatment with ...”

v’ Part 5 “Quality control”

EUROPEAN STANDARD FINAL DRAFT
NORME EUROPEENNE FprEN 16907-3
EUROPAISCHE NORM

February 2018

1CS 93.020

English Version

Earthworks - Part 3: Construction procedures

EUROPEAN STANDARD FINAL DRAFT
NORME EUROPEENNE FprEN 16907-4
EUROPAISCHE NORM
February 2018
1CS 93.020
English Version

Earthworks - Part 4: Soil treatment with lime and/or
hydraulic binders

EUROPEAN STANDARD FINAL DRAFT
NORME EUROPEENNE FprEN 16907-5
EUROPAISCHE NORM

February 2018

1CS 93.020

English Version

Earthworks - Part 5: Quality control
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5. Transition zones Eﬁ

v Mainly material coming from current UIC 719
v No great changes

6. Ballastless track (Slab track) ﬂ

v Material coming from current UIC 719

v'Some ideas coming from EN 16432-2: Railway applications -
Ballastless track systems - Part 2: System design, subsystems
and components
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7. Construction requirements ' |

PRINCIPLES BASED ON
v Material coming from current UIC 719
v’ ldeas coming from EN 16907

v Part 3 “ Construction procedures”

v’ Part 5 “Quality control”

|

EUROPEAN STANDARD FINAL DRAFT
NORME EUROPEENNE FprEN 16907-3
EUROPAISCHE NORM

February 2018

1CS 93.020

English Version

Earthworks - Part 3: Construction procedures

EUROPEAN STANDARD FINAL DRAFT
NORME EUROPEENNE FprkN 16907-5
EUROPAISCHE NORM

February 2018

1CS 93.020

English Version

Earthworks - Part 5: Quality control
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5. IRS Maintenance and Improvement of Earthworks and Track
Bed of Existing Railway Lines comesfrom UIC Leaflet 722

(Methods of improving the track formation of existing lines)

UIC Leaflet 722

SUMMMEBY  crvunuasesensremsnnsscessasssssssssssnmsrssemsssa sassasssssssnsnss £2essEssansasssbmssssnsssnssnessss snssssnnnsssnnnnss
1- Civil engineering methods of improving the formation ...,
1.1 - Formation Improvement (FI) by means of a formation protective layer (PL)

of mineral substances (formation sand and gravel) .......cccccoceeveeeeeesieecviieens

1.2 - Formation improvement with formation sand and gravel (FSG)
ANA GEOTEXLIES ..ottt n e eeaeeanas

1.3 - Formation improvement by laying treated materials.........ccccooeeveerieeecveiensienenns

1.4 - Creation of frost-resistance by laying of thermal insulation sheets...................
2 - Description of Methods.....ccoiiiiini s

2.1 - Formation Improvement with formation sand and gravel (FSG).......cccccvvveeene..
2.2 - Formation improvement with FSG and geotextiles ...
2.3 - Formation improvement by laying of treated materials............cccovvvvvieeerieeeenns

2.4 - Laying of thermal iNSulation SNEELS .........cceiiieie e e ee e
3 - Evaluation of the working methods .........cccccceiiininnn s .

3.1 - Operating CONAITIONS ... .cciiiee e se e e e e e seee e e aeessbaeesraseereaennas
3.2 - Civil engineering CONITIONS ....viioveeie e ceeeer e see st erne e snae e sneesnnens
3.3 - Staffing and machine costs for 100 m formation improvement............c...co.....
3.4 - Performance for each working method.........coco e e

3.5 - Evaluation of qUAlITY OFf WOTK ...ccceeee e ceerte e e a e e e

T

3- Maintenance of earthworke and track bed on existing lines.........

3.1 - General MaiNtENANCE .. ... e s s s

3.2 - Maintenance of earthworks on existing lines ...

3.21 - General remarks, inspection and day-to-day maintenance ...
3.2.2 - Geotechnical and hydrogeological investigation .....................
3.2.3 - Inventory of remedial measures (with COMMEents) ..........occeee.

3.3 - Maintenance of track bed layers.....c.covne )
331 - General ..o
3.3.2- Determining fACTONS ... ...

3.3.3 - Methodology of studies for maintenance of the track bed layers
and subgrade ...

334- Local repairs ...

3.4 - Vegetation CoOntrol. ... e e e

T

UIC 719 Chapters 1.1.4.
and 3. are included in
this new IRS
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4. IRS Maintenance Proposal for New TABLE OF CONTENTS

1. Introduction and scope
2. Problems to be detected
2.1 Cuttings
2.2 Embankments
2.3 Platform
2.4 Drainage works
2.5 Slab track
3. Methodology of studies
3.1 Phase 1: Desk studies
3.1.1 Geological - geotechnical analysis
3.1.2 Hydrological analysis
3.1.3 Previous site technical documentation
3.2 Phase 2: Routinary in-situ inspections
3.3 Phase 3: Special/detailed in-situ inspections
3.4 Phase 4: Risk and priority order analysis
3.5 Phase 5: Analysis of alternative solutions
3.6 Phase 6: Design of solution
3.7 Phase 7: Implementation of solution
4. Remedial measures
4.1 Cuttings
4.2 Embankments
4.3 Platform
4.4 Drainage works
4.5 Slab track
5. Methods of improving the track formation of existing lines (UIC-722)
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Methods of improving the track formation
of existing lines
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