
1

:

1

,

5

1

:

1

,

5

1:5

0.400m0.400m

0.550

1.435m

Intermediate layer

Ballast

Sleeper

Ballast

Intermediate layer

Embankment S

i

d

e

s

l

o

p

e

Shoulder

Ditch

Subsoil or natural ground

Definitions

Superstructure

R
a
i
l
w

a
y

b
o
u
n
d
a
r
y

R
a
i
l
w

a
y

b
o
u
n
d
a
r
y

Ballast shoulder

Track gauge 1435 mm

Sub-base

Substructure

(blanket)

1

:

1

,

5

1

:

2

1

:

1

,

5

1

:

2

→

1:30

→

1:30

6.00m

Upper surface of

intermediate layer

if 1:30 slope is used

→

1:30

→

1:30
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Railway Project

Pre-engineering, Phase 2

Definitions

Cross-section definitions

1:50

WGS 84 UTM 21

H1-100 - 1 6

15.12.2017 Henna Valppu

15.12.2017 Auli Vanhoja

15.12.2017 Heikki Akkanen

Version 15.12.2017



1

:

1

6.00m

1

:

1

,

5

1

:

1

,

5

Ditch 0.500mDitch 0.500m

1

:

2

5
:
1

1

:

2

5
:
1

5

:
1

Typical cross-section:
Category A-1 One track

       Structure layers 750mm
a b

5.000m5.000m

5
:
1

5

:
1

→1:30

→

1:30

≥0.500
≥0.500

1

:

2

Soil is removed from

≥1.500m from the edge

Cutting (rock), grade 1:1

No soil on top of the rock

Intermediate layer,

200mm

Ballast, 550mm

Cutting in the rock in

grade is between 5:1 and 1:1

depending on the quality

of the rock.

Ground surface

Bedrock

Additional ditch

above the slope

to prevent water

flow to the track

Cutting in the rock in

grade is between 5:1 and 1:1

depending on the quality

of the rock.

Cutting (rock), grade 5:1

Soil on top of the rock

1

:

1

5

:
1

1

:

2

1

:

2

6.00m

1

:

1

,

5

1

:

2

a bIn a cutting (soil).
On an embankment.

Typical cross-section:
Category B-1 One track

Structure layers 1000mm

→→

1:30

1

:

1

,

5

1

:

2→1:30

≥0.500

Ditch 0.500m

1

:

2

1

:

2

→1:30

1:30

→

Plane ≥ 1.00m when the drainage

level is under the sub-base level

1

:

2

Ballast, 550mm

Ground surface

Sub-base, ≥250mm

Embankment

Erosion protection,

material permeable to water. (*

Layer of soil and low vegetation,

 e.g. grass can be used

Intermediate layer, 200mm

Erosion protection,

material permeable

to water

1

:

2

1

:

2

Additional ditch

above the slope

to prevent water

flow to the track

Geotextile, N3

If subsoil is clay or silt

1

:

2

Erosion protection,

material permeable to water.

Layer of soil and low vegetation,

e.g. grass

6.00m

1

:

1

,

5

1

:

2

a bIn a cutting (soil). A layer of embankment

material is constructed underneath the

sub-base.

On an embankment.  A layer of

embankment material is constructed

underneath the sub-base.

Typical cross-section:
Category C-1 One track

Structural layers 1250mm

→→

1:30

1

:

1

,

5

1

:

2→1:30

≥0.500

Ditch 0.500m

1

:

2

1

:

2

→1:30

1:30

→

1

:

2

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Geotextile, N3

If subsoil is clay or silt

Intermediate layer, 200mm

Ballast, 550mm

Ground surface

Sub-base, ≥250mm

Subgrade layer, ≥250mm

embankment material, material

of existing track or stabilized soil

Erosion protection,

material permeable to water

1

:

2

1

:

2

Additional ditch

above the slope

to prevent water

flow to the track

0.50

2

:

1

Erosion protection,

material permeable to water. (*

Layer of soil and low vegetation,

 e.g. grass can be used

1

:

2

Erosion protection,

material permeable to water.

Layer of soil and low vegetation,

e.g. grass

6.00m

1

:

1

,

5

1

:

2

1

:

2

a bIn a cutting (soil). A layer of embankment

material is constructed underneath the

sub-base.

On an embankment.

Typical cross-section:
Category D-1 One track

Structural layers 1450mm

→→

1:30

1

:

1

,

5

→1:30

→1:30

1:30

→

1

:

2

≥0.500

Ditch 0.500m

1

:

2

1

:

2

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Geotextile, N3

If subsoil is clay or silt

Intermediate layer, 200mm

Ballast, 550mm

Ground surface

Sub-base, ≥250mm

Embankment

Erosion protection,

material permeable to water

2

:

1

Subgrade layer, ≥450mm

embankment material, material

of existing track or stabilized soil

1

:

2

1

:

2

Additional ditch

above the slope

to prevent water

flow to the track

Erosion protection,

material permeable to water. (*

Layer of soil and low vegetation,

 e.g. grass can be used

1

:

2

Erosion protection,

material permeable to water.

Layer of soil and low vegetation,

e.g. grass
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Railway Project

Pre-engineering, Phase 2

Typical cross-sections - One track

Categories A-D 

1:100

WGS 84 UTM 21

H1-100 - 2 6

15.12.2017 Henna Valppu

15.12.2017 Auli Vanhoja

15.12.2017 Heikki Akkanen

All organic material must be removed from

the top of existing structures and below the

new embankment.

Backfill with embankment material.

(* Water flow from structural layers and embankment must be ensured for

example by constructing sections to erosion protection from coarse

grained material. Water in structural layers will decrease bearing

capacity.

Version 15.12.2017



1

:

1

,

5

1

:

1

,

5

Ditch 0.500m

1

:

2

Typical model cross-section:
Flood areas, One track
Category B_f and C_f

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Ditch 0.500m

1

:

2

1

:

2

1

:

2

1

:

2

a Category B_f. Embankment

in flood areas.

→1:30

→

→1:30
1:30

→

1:30

1

:

2

Intermediate layer,

200mm

Embankment material

Granularity by Embankment

granularity requirements,

area 2.

Ground surface

Sub-base, ≥250mm

Ballast, 550mm

Erosion protection, ≥300mm

Granular material, e.g. crushed rock

See embankment granularity requirements,

area 2

Subgrade, ≥250mm

Erosion protection, ≥300mm

Granular material, e.g. crushed rock

See embankment granularity requirements,

area 2

b Category C_f. Embankment

in flood areas.

Existing track

The embankment material in new

embankments must be coarse

and fulfil embankment material

granularity requirements, area 2.

0.500

0.500

1

:

1

,

5

1

:

1

,

5

1

:

2

1

:

2

→1:30

→

1:30

1

:

2

1

:

2

Typical cross-section:
Existing track layers applied

Category A_ET One track
Structural layers 750mm

Requirements for A_ET
- Subsoil CBR > 18% (e.g.

rock, cobbles)
- Subgrade CBR > 18% and

after compaction E2 at
least 80 MPa

Intermediate layer,

200mm

Ballast, 550mm

Structural layers of current track

applied and compacted

Erosion protection,

material permeable to water

Erosion protection,

material permeable to water

1

:

1

,

5

6.00m

1

:

2

1

:

1

,

5

1

:

2

1

:

2

1

:

1

1

:

1

2

:

1

2

:

1

1:30
→1:30

→

1

:

2

1

:

2

Ditch 0.500m

Ditch 0.500m

≥0.500

→1:30
1:30

→

≥0.500

Soil replacement
Line on existing track
New structural layers

1000mm

2,60m2,60m

Ballast, 550mm

Intermediate layer

200mm

Sub-base

≥300mm

Structural layers of existing track

Additional backfill with embankment

material

Soil replacement

All organic material is removed

Backfill with embankment material

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Erosion protection,

permeable to water

Erosion protection,

permeable to water
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Railway Project

Pre-engineering, Phase 2

Typical cross-sections - One track

Categories A_ET, B_f, C_f and

Line on existing track

1:100

WGS 84 UTM 21

H1-100 - 3 6

15.12.2017 Henna Valppu

15.12.2017 Auli Vanhoja

15.12.2017 Heikki Akkanen

All organic material must be removed from

the top of existing structures and below the

new embankment.

Backfill with embankment material.

(* Water flow from structural layers and embankment must be ensured for

example by constructing sections to erosion protection from coarse

grained material. Water in structural layers will decrease bearing

capacity.

Version 15.12.2017



10.00...10.50m

1

:

1

4.00...4.50m

1

:

1

,

5

5

:
1

1

:

1

,

5

Ditch 0.500m

Ditch 0.500m

5
:
1

5

:
1

5

:
1

5
:
1

1

:

2

1

:

2

a bNo soil on top of the rock

Soil on top of the rock

1

:

2

Soil is removed from

≥1.500m from the edge

5.000m

5.000m

1:30
→1:30

→

Intermediate layer,

 200mm

Ballast, 550mm

Ground surface

Cutting in the rock in

grade of  5:1 or 1:1

or something in between

depending on the quality

of the rock.

Cutting in the rock in

grade of  5:1 or 1:1

or something in between

depending on the quality

of the rock.

Typical cross-section:
Category A Double track
Structure layers 750mm

Ground surface

Additional ditch

above the slope

to prevent water

flow to the track

1

:

2

1

:

2

1

:

1

,

5

4.00...4.50m

1

:

1

,

5

10.00...10.50m

1

:

2

1

:

2

Ditch 0.500m

Typical cross-section:
Category B Double track

Structural layers 1000mm
a b

1

:

2

In a cutting (soil) On an embankment

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Ditch 0.500m

1

:

2

→1:30

→→

→1:30
1:30

→

1:30

Ballast, 550mm

Ground surface

Intermediate layer,

200mm

Geotextile, N3

If subsoil is clay or silt

Sub-base, ≥250mm

1

:

2

1

:

2

Additional ditch

above the slope

to prevent water

flow to the track

Embankment

1

:

2

Erosion protection,

material permeable

to water

Erosion protection,

material permeable to water. (*

Layer of soil and low vegetation,

 e.g. grass can be used

1

:

2

Erosion protection,

material permeable to water.

Layer of soil and low vegetation,

e.g. grass

1

:

1

,

5

4.00...4.50m

1

:

1

,

5

10.00...10.50m

1

:

2
1

:

2

Ditch 0.500m

Typical cross-section:
Category C Double track

Structural layers 1250mm
a b

1

:

2

In a cutting (soil) On an embankment

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Ditch 0.500m

1

:

2

→1:30

→→

→1:30
1:30

→

1:30

Ground surface

Geotextile, N3

If subsoil is clay or silt

1

:

2

1

:

2

Additional ditch

above the slope

to prevent water

flow to the track

Embankment

Erosion protection,

material permeable

to water

1

:

2

Intermediate layer, 200mm

Ballast, 550mm

Sub-base, ≥250mm

Subgrade layer, ≥250mm

embankment material, material

of existing track or stabilized soil

Erosion protection,

material permeable to water. (*

Layer of soil and low vegetation,

 e.g. grass can be used

2

:

1

1

:

2

Erosion protection,

material permeable to water.

Layer of soil and low vegetation,

e.g. grass

1

:

1

,

5

4.00...4.50m

1

:

1

,

5

10.00...10.50m

1

:

2

1

:

2

Ditch 0.500m

Typical cross-section:
Category D Double track

Structural layers 1450mm
a b

1

:

2

In a cutting (soil) On an embankment

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Ditch 0.500m

1

:

2

→1:30

→→

→1:301:30

→

1:30

Geotextile, N3

If subsoil is clay or silt

1

:

2

1

:

2

Additional ditch

above the slope

to prevent water

flow to the track

Embankment

1

:

2

Erosion protection,

material permeable

to water

Geotextile, N3

If subsoil is clay or silt

Intermediate layer, 200mm

Ballast, 550mm

Sub-base, ≥250mm

Subgrade layer, ≥450mm

embankment material, material

of existing track or stabilized soil

Erosion protection,

material permeable to water. (*

Layer of soil and low vegetation,

 e.g. grass can be used

2

:

1

Ground surface

Erosion protection,

material permeable to water.

Layer of soil and low vegetation,

e.g. grass

Y
:
\
2
0
1
7
\
1
_
R

a
t
a
\
1
0
8
9
2
 
M

V
D

-
P

d
T

\
0
7
 
D

e
s
i
g
n
\
0
2
 
G

e
o
t
e
c
h
n
i
c
s
\
0
2
 
D

e
s
i
g
n
 
M

a
t
e
r
i
a
l
\
0
4
 
R

a
t
a
,
 
G

e
o
\
T

y
y
p
p
i
p
o
i
k
k
i
l
e
i
k
k
a
u
k
s
e
t
\
D

W
G

\
T

y
p
i
c
a
l
 
T

r
a
c
k
 
C

r
o
s
s
-
s
e
c
t
i
o
n
s
 
2
0
1
7
1
2
1
8
.
d
w

g

Railway Project

Pre-engineering, Phase 2

Typical cross-sections - Double track

Categories A-D 

1:100

WGS 84 UTM 21

H1-100 - 4 6

15.12.2017 Henna Valppu

15.12.2017 Auli Vanhoja

15.12.2017 Heikki Akkanen

All organic material must be removed from

the top of existing structures and below the

new embankment.

Backfill with embankment material.

(* Water flow from structural layers and embankment must be ensured for

example by constructing sections to erosion protection from coarse

grained material. Water in structural layers will decrease bearing

capacity.

Version 15.12.2017



1

:

1

,

5

4.00...4.50m

10.00...10.50m

1

:

1

,

5

1

:

2

Ditch 0.500m

1

:

2

Plane ≥ 1.00m when the drainage

level is under the sub-base level

Plane ≥ 1.00m when the drainage

level is under the sub-base level

1

:

2

Ditch 0.500m

1

:

2

→1:30

→→

→1:30
1:30

→

1:30

1

:

2

1

:

2

Ground surface

Intermediate layer,

200mm

Sub-base, ≥250mm

Ballast, 550mm

Subgrade, ≥250mm

a Category B_f. Embankment

in flood areas.

Erosion protection, ≥300mm

Granular material, e.g. crushed rock

See embankment granularity requirements,

area 2

Erosion protection, ≥300mm

Granular material, e.g. crushed rock

See embankment granularity requirements,

area 2

b Category C_f. Embankment

in flood areas.

Typical model cross-section:
Flood areas

Category B_f and C_f

Geotextile, N3

If embankment clay or silt

0.500

0.500

2.700m

2.000...2.250m

→1:30

Typical cross-section:
Canal and box shaped structure where

railway area is narrow
Structural layers 1000mm or  ≥ 1250mm

→1:30

0.400...0.600

Intermediate layer,

200mm

Ballast, 550mm

Ground surface

In narrow places distance of the

underground drain can be 2.500m

Sub-base, ≥250mm

Cast iron grid cover

Geotextile, N3

Concrete gutter

Inner support

Gutter wall, permeable by water,

e.g. cast iron grid, concrete gutter

with holes, etc. Wall must endure

load from the railway.

4.00...4.50

0.400...0.600

Cast iron grid cover

Geotextile, N3

Concrete gutter

Gutter wall, permeable by water,

e.g. cast iron grid, concrete gutter

with holes, etc. Wall must endure

load from the railway.

a bCategory B
Category C

Subgrade layer, ≥250mm

embankment material, material

of existing track or stabilized soil

Inner support

→

1:30

→

1:30

≥0.500

Ditch 0.500m

1

:

2

Plane ≥ 1.00m when the drainage

level is under the sub-base level

1

:

2

1

:

2

≥0.500

Ditch 0.500m

1

:

2

Plane ≥ 1.00m when the drainage

level is under the sub-base level

1

:

2

1

:

2

→1:30

→

→1:30
1:30

→

1:30

4.00...4.50m

10.00...10.50m

Typical cross-section:
Second track on new

embankment

1

:

1

Soil replacement

Backfill with embankment

material

Erosion protection, crushed rock

Embankment material

Intermediate layer,

200mm

Ballast, 550mm

Ground surface

Sub-base, ≥250mm

3.00

a New track constructed on

existing track

b New track on new

embankment

Embankment material

Existing structural layers and existing embankment can

also be applied on the bottom of the new embankment.

Material must be applied to the whole width of the new

embankment.

Erosion protection,

material permeable to water. (*

Layer of soil and low vegetation,

 e.g. grass can be used

1

:

1

,

5

Soil nailing

Support of the slope

Steep slope in cutting (soil) requires a support

structure. The support structure must be

designed in detail in the next design phase.

0.500

1

:

2

1

:

2

Erosion protection,

material permeable to water

Intermediate layer, 200mm

Sub-base, ≥250mm

Ballast, 550mm

Geotextile, N3

Inner support

Typical cross-section:
Tilted retaining wall

Steep slope when area is
narrow

Category B with 200mm intermediate layer and 250mm

sub-base is shown in the picture.

Category C includes also ≥250mm of sub-base.

1

:

2

Erosion protection,

material permeable to water.

Layer of soil and low vegetation,

e.g. grass

R
a
i
l
w

a
y

b
o
u
n
d
a
r
y

1

:

1

,

5

More steep slope alternative cases are

presented in Special cases 2

Concrete gutter
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All organic material must be

removed from the top of existing

structures and below the new

embankment. Backfill with

embankment material.

(* Water flow from structural

layers and embankment must

be ensured for example by

constructing sections to erosion

protection from coarse grained

material. Water in structural

layers will decrease bearing

capacity.
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Typical cross-sections - Double track

Special cases 1
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Cantilever wall

Alternative solution when
area for embankment is

narrow

Crushed rock fill

under the wall

Railing

Gabion barrier

Geotextile, N3

Alternative solution for steep
slope:

gabion barrier
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Cast iron grid cover

Concrete gutter

Gutter wall, permeable by water,

e.g. cast iron grid, concrete gutter

with holes, etc. Wall must endure

load from the railway.

Cantilever wall

Alternative solution for steep
slope:

cantilever wall
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Crushed rock fill

under the wall

Crushed rock fill

under the wall

Retaining wall

/cantilever wall

Retaining wall

/cantilever wall

Typical cross-section:
Retaining wall with footing in

embankment when area is
narrow

Typical cross-section can be applied in areas where

there is no space for normal embankment.

Existing track

Railing

Railing

Footing slab

Crushed rock fill

under the slab
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All structures are just examples.

Retaining walls and the steep slope

support sturctures will be defined and

other solutions can be considered in

the detail design phase.
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All organic material must be

removed from the top of existing

structures and below the new

embankment. Backfill with

embankment material.

(* Water flow from structural

layers and embankment must

be ensured for example by

constructing sections to erosion

protection from coarse grained

material. Water in structural

layers will decrease bearing

capacity.

Railway Project

Pre-engineering, Phase 2

Typical cross-sections - Double track

Special cases 2
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