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Behavior of a drainage geosynthetic and reinforced geomat for the remediation of a
dismissed industrial site in Milano city area

THE HISTORY

* The Pirelli Tires and Cables factory site
“Pirelli Bicocca” located in Milano city
was active from 1908 to 1984.

* After the dismissal, the stockpile of soil
and debris coming from demolitions was
forming an artificial hill over 20 m high,
280.000 m3 volume, covering an area of
15.000 m?

Pirelli Bicocca in 1922
End of activities of the factory (1984) The stockpile (2002)
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DESIGN CONSTRAINTS

* The stockpile was considered as a non-hazardous waste landfill. Regulation to be
followed: EC Directive 1999/31/EC (National Act 36, Jan 2003)
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DESIGN PROPOSAL

¢ Geosynthetic clay liner (GCL) in place of the CCL

* Drainage geocomposite in place of the gravel drainage layer.

* Reinforced geomat to provide stability to the upper cover layer

¢ Reduce the cover layer to 0.50 m, having 1.00 m depth only where trees had to be
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DESIGN CONSTRAINTS

The Municipality of Milano was asking to propose a cover system to the whole area
capable to convert the area into a park at the end of the work

PROBLEM: Need to plant medium-high
trees according to the landscape
architects requirements

’év;wé.\-magwga > 5 :

Excavation of the holes on the
existing slopes, and protection
with a nonwoven geotextile.
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DESIGN OF THE GEOSYNTHETIC CLAY LINER

* According to the regulations, the CCL should be at least
500 mm thick and should guarantee a hydraulic
conductivity smaller than 1.00E-08 m/s.

Design concept based on the equivalency

* The hydrated GCL should guarantee in its thickness a
leakage smaller than the one of the CCL.

QGCL < QCCL

DESIGN OF THE GEOSYNTHETIC CLAY LINER

Q:v.Azk.i.Azk.%h.A

where:

e Q(m3/s)is the total leakage

v (m/s) is the filtration velocity

k (m/s) is the hydraulic conductivity

i = Dh/h (m/m) is the hydraulic gradient
A (m?) filtration surface

QGCL = kGCL A= kGCL :

H+ Tgo,

TGCL

. H+T,
QoL =keo I+ A=Kkgg - —-A

TCCL

A

QGCL = QCCL

where:

oH (m) is the hydraulic head

T, (m) is the thickness of the hydrated GCL
T, (m) is the thickness of the CCL

H+Tee  Toa
Tea  H+Teo

(kGCL )required < kCCL ’
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DESIGN OF THE GEOSYNTHETIC CLAY LINER

Installation of the GCL;
0.40 m minimum overlapping
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DESIGN OF THE DRAINAGE GEOCOMPOSITE

* The drainage geocomposite has to be equivalent to 500
mm thick gravel, and it should not allow the development
of an hydraulic head (that is guarantee the drainage of
the water that can enter into the capping system during a
critical rainfall event whose intensity is known).

Design concept based on the equivalency

* The geocomposite transmissivity is compared to the one
of the gravel; its flow rate is compared with the rainfall
water that can enter into the cover system.
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The flow in a drainage layer on a slope subjected to a uniform
rate of liquid supply is governed by a differential equation.

LIQUID SUPPLY, g,
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Conference

When the length is much bigger than the thickness, the real shape
of the piezometric surface is almost linear.

EQUIVALENCY GRAVEL- DRAINAGE GEOCOMPOSITE
Q=kAi[m¥s]
The proposed thickness of the gravel drainage layer is: t = 0,50 m.

Therefore, the required flow rate corresponding to 1 meter width of the drainage
layer is

i=sinR=0,44

G044 = KX t x 1,00 x i = 2,27E-04 m¥/s/m

1.0E-03

HYDRAULIC FLOW RATE, [m?/sec]
————— E--------=

This value has to be
compared with the value
measured with EN 1SO 12956
test under the same
boundary conditions (
gradient and stress )

1.0E-04
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1.0E-05
0

COMPRESSIVE STRESS, [kPa]
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DESIGN OF THE DRAINAGE GEOCOMPOSITE

Installation of the drainage
tri-planar geocomposite
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DESIGN OF COVER LAYER

Cover layer stability was verified by taking into account the
acting forces (weight of the soil), the resisting forces (friction at
the base - passive thrust) and by calculating the required long
term design strength of the reinforced geomat to have a proper

Factor of safety.
/ t
L X
>
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DESIGN OF COVER LAYER

ACTING FORCES

W=¢t-L- y where: t:_thickness of the topsoil
L = slope length
v = unit weight of the saturated top soil

The component F along the slope is:

FS =W. Sinﬂ where: B = slope angle.

RESISTING FORCES

P,=passive thrust = 2/3 % y K, t* (reduced to take into unadequate compaction)
R¢ = resistance due to friction = W cos 3 tan &

R, = tension in the geogrid

where d = interface friction angle
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Conference FS — Fresistant — R * Rg
I:active FS
R, =FS-F,-R

DESIGN OF COVER LAYER

Installation of the reinforced
geomat
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CAPPING DESIGN

GCL

Draining
geocomposite

Reinforced
geomat
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View of he landfill beforethe beginning of theworks related to the capping
system
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laying down of the drainage laying down of the geogrid reinforced
geocomposite (white) onthe GCL  geomat over the drainage
(black) geocomposite
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Planting

Excavation of the
intermediate and
longitudinal trenches

Detail of the
intermediate
trench with the
pipe outlet
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The “Cherry-
Trees Hill” Park
1 year after the
end of the works:
established
vegetation on the
finished capping.
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The “Cherry-Trees Hill”
Park today

Winter: sledding

Spring: Cherry blossoms.

'SanayjuAsosg e

20

10



3/31/2020

@
G)
D
o
(V)
~
—
~
= g
(q0)
g
O

The “Cherry-Trees Hill” Park today
Summer: students during lessons break

THE “CHERRY-TREES HILL” PARK TODAY
L] - - '. Pl =
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