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PROBLEM and MATE

PROBLEMS

During application, the waterproofing for lun-
nals and underground works |s often subject-
ad o the physical actions of dynamic puncture,
initially as a resull of yard traffic and subse-
quently as a result of tha material which will
be placed over the waterproof [ayer. During its
operational life, the watarproofing is mainly
subjected to static puncture and 1o the effects
of movement over cracks. These fissures oc-
cur as a resull of the shrinkage of the concrele
and the effects of fatigue. Fatigue effects arise
as a resull of vibration caused by the move-
ment of motor vehicles, traffic, etc. During the
earth covering operation, the lining is stressad
by abrasion and by the fraction of the vartical
parts coverad wilth drylined membranes (Fig. 1)
The waterproof membranes ara chamically at-
tacked by underground waters, including the
waters polluted by humic acids, ferlilisars, and

goll micro-organism. Oftan the covering serves
two functions such as baing a parking fagility
as well as a cover for areas beneath (see Tech-
nical Specification Mo. 8). It is usual to lay a
bituminous mix or asphall on top of the waler-
proofing layer (Fig. 8). Both of thase resist ther-
mal shock on the watarproof mantle (Fig. 2).
In this last case the waterprooling will be ex-
posead in winter fo frost-defrost cycles and to
the chemical attack of road salis. Finally, in
case of a selsmic avent the waterproofing will
be stressad by the differential movements of
tha layers of concrete in which it is insared
(see Tecnical Specification No. 5.2).

According to the level of stress to which the

membrane may be subjectad, it must ba:

- APPLIED FULLY BONDED TO THE WORKS
THAT HAVE TO BE PROTECTED. This will
reduce the possibility of water seepage o a
minimum in the event of accidental partoration
and will resist the stress caused by the parallal
forces which are due to differential movements
In the \wo layers of concrete into which the
membrane has been inserted, In addition thera
|= the stress caused by earth movement an the
vertical walls and top of the structure.

- APPLIED THICKLY: lor total adherence the
mambrane mus! be a minimum of 4mm thick
to overcome both the roughness of the sub-
structure and such unavoidable problems as
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small stones and other granula materials which
are always present in tunnal-like structuras
- APPLIED THICKLY: where there is a possi-
bility of earthquake or other movemeant to with-
stand the abrasive action of the granules
detached by friction from the cement surfaces
upon which the membrane was applied.

- REINFORCED WITH ELASTIC MATERIALS:
the membrane must be highly resistant to fa-
figue from fissures in the substructure onlo
which it is bonded.

- STRENGTHENED WITH REINFORCING
MATERIALS WHICH GIVE THE BEST CON-
TINUOUS STRENGHT compalible with the
adhesion of the waterproofing and APPLIED
{0 oblain a waterproofing layer of & uniform
mechanical behaviour and punclure resistance
In all thicknesses,

- INHERENTLY PUNCTURE RESISTANT: be-
fora It |s covarad and protected by successive
layers the membrane is exposed to acciden-
tal puncture which could cause problems
difficult to find and repair later (Fig. 3). It must
therefore be;

- RESISTANT TO CHEMICAL AND BIOLO-
GICAL AGENTS PRESENT IN THE SOIL AND
TO OTHER MATERIALS WITH WHICH IT IS
IN CONTACT.

- RDOOT RESISTANT IN ALL THICKNESSES.
In casas where the waterproofing layer (see
Tecnical Spacification No,10) is in contact with
the soil of a roof garden, or where the works
are to be coverad with earth in which thick
vagetation might subsequently grow.

- APPLICABLE IN SINGLE OR MULTI-
LAYERED BONDABLE SHEETS, thus allow-

ing the Incorporation into the waterproofing
pover of other spacific functions (such as anti-
Fiarclng function) and at the same fime allow-
ng the reinforcement of the waterpoofing ele-
ment,
- sufficient in its coefficiant of friction, IN SEIS-
MIC AREAS, to avoid excessive sliding be-
twean the works and waterproofing layer (see
Technical Specification Mo. 5:2) in the foun-
dations during high intensity shocks and to an-
sure stabllity during low intensity shocks.
- RESISTANT TO TRAFFIC, to tharmal shock
and to puncture during Installation and during
the application of asphalt

MATERIALS

In the field of membranes used for waterproof-
Ing tunneis, underground railways, anti-
avalanche galleries, etc. INDEX S.P.A. has
devoted considerable time to research and
testing to develop membranes of high
resistance and reliability such as TESTUDOD
SPUNBOND 25 polyester, TESTUDC SPUN-
BOND 20 polyester, MINERAL TESTUDO
SPUNBOND polyester and HELESTA P. The
perormance and the quality of the membranes
has been choacked and approved by ITALIAN
AND FOREIGN INSTITUTES WHICH
SPECIALISE IN CIVIL ENGINEERING
WORKS.

TESTUDO SPUNBOND POLYESTER 25-5
mm has beaen lested and approved by the
|aboratories of the LCPC (Laboratoire CEN-
TRAL DES PONTS ET CHAUSSEES) of the
French Ministry of Public Works in accordance
with the 5. T.E.R. 81 rules, and by the SNCF
[Societe Nationale Des Chamins Da For Fran-
cals) which has used the membrane for the
waterproofing of angineering works; including
150,000 M? of lunnal on the new high speed
TEV Atlantigue line,

In Paris this membrane has been used for
waterproofing several of the METRO under-
ground rallways, The membrane has also been
tested and approved by the LGC (Laboratoires
of the University of Liege) and by The Belgian
Ministry of Public Works.

Tha MINERAL TESTUDO SPUNBOND 4.5
has recelved SNCF Agrement, approval for the
material 1o be used as an antl-punciure water-
proofing layer and also reinforcement over
TESTUDO SPUNBOND 25-5 which has bean
usad to waterproof the TGY Atlantique tunnel.
In addition, TESTUDO has besn used fo water-
proof stations on the Pars Metro,
TESTUDO SPUNBOND POLYESTER 20-4
mm has been checked and approved by LCPC
In accordance with STER B1 rules. In has bean
used in ltaly to protect the anti-avalanche
gallery in the province of Bolzano, The Poly-
technic of Milan has lested its parformance as

a foundation membrane in earthquake arsas. _)

The performance of HELASTAP 4 mm as &
foundation membrane in earthquake zones,
has also been tested at the laboratories of the
University of Munich in Bavaria whera Milan's
dala has been confirmed. The membranes are
applled fully torch bonded In single or multi-
layersof 4-5 mm thickness. These membranes
are reinforced with 8 non-women polyester
fabric which has been impragnated and coal-
ed with elther an elasto-plastomeric bituminous
compound or with alastomeric material. They
are resistant to both low and high lempera-
tures, to polluted water and are rot resistant.
The membranes can resist frosl-defrost cycles
and de-icing salts and they have a coefficlent
of friction with the cement layer which Is 3
limes more resistant than that of necprene.
The TESTUDO SPUNBOND 25 and TESTU-
DO SPUNBOND 20 membranes ara heal resis-
tant when laid and can withstand the stresses
associated with the application of asphalt. Al-
tough the membranes are rool resistant and
meet the DIN 4062 requirements, they can be
further treated with ® PREVENTOL B2 BAY-
ER, an antl-root additive which will give the
membrane high resistance in all its thickness
and in the selvedge.

The schemes of technical specifications out-
lined balow have bean developed by INDEX
as a result of experience in [taly and abroad.
[t has been decided to publish these in the
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hope that they might prove useful as guidelines
in the planning and building of similar works,
However, because sach work to be undertaken
presents unlque problems thal require indlvidu-
al solutions,; these guidelines cannat In totall-
ty be applied to all works. They should however
help In arriving at the best solution for each
individual case.

During the planning of individual constructions,
our mambranas can be used (o meat any spe-
cial requirements. Our experienced tachni-
cians are always available to assist the cus-
tomer ta determine the most suitable materi-
als and systems.

The leaflet BUILDING WITH WATERPROOF-
ING MEMBRANES: THE SEISMIC ANSWER
which contains the combined results of the
research carred out by INDEX and THE POLY-
TECHNIC OF MILAN, can be supplied on re-
guest.

1 - WATERPROOFING THE PARIS UNDER-
GROUND

2 - TGY ATLANTIQUE TUNNEL

i - PROTECTIVE EFFECT OF AN ANTI-
AVALANCHE GALLERY




APPLICATIONS

TESTUDD 25-5-— \

TECHNICAL SPECIFICATIONS

ATERPROOFING ON THE TGY ATLAN
IQUE TUNNEL TYPE

The twnnel of the new Atlartigus TGV line
(Train Grand Vitesse = High Speed Train)
funs complataly underground for some kilom-
eters. The latleral walls are constructed from
jointed perfabricated elements, These support
the top of the structure which is made of
prefabricated beams covered by reinforced
conerete. The concrate has a joint every 910
m. As there is no water bearing table, the
waterproofing sheath of Index membranes
used on the roof of the tunnel is continued on
the vertical sides for at least 1 m. whaera it is
joined 1o the vertical dralnage. This layer made
of a 20 mm non woven yam is coupled with
a geotextile filtering layer which weighs aboul
1560g/sg.m. Al the foot of the vertical side of
the tunnel the drainage layer is joined o a
drainpipe where It Is sealed with mastic (rub-
ber cement). The vertical oints in the walls of
the tunnel are protacted by the application of
heat bonded strips of TESTUDO 200-300 mm
wide.

At the point where the vertical sections join the
base a layer of TESTUDO should be bonded
along the joint where the vertical and horizon-
tal sections meet. Prior 1o applying the mam-
brane the concrete should be coated with a
bituminous primer. The waterproofing element
of the covering should be a layer of TESTU-
DO SPUNBOND polyestar 25-5 which s lorch
bonded and this is protected by a puncture
resistant layer. Initially the protective layer was
made up of a simpla polyester membrane; sub-
sequently this was replaced by the plannars
with a MINERAL TESTUDO. Both membranes
are polyester reinforced. The MINERAL
TESTUDO is protectad with slate granules.
The MINERAL TESTUDD Iz heat bonded anto
the first layer and acts both as a protective and
waterproofing element. In those areas whera
tha normal siow frain passes over the tunnel
tha protectiva walerproofing layer is further
strangthanad by the addition of another layer
of MINERAL TESTUDO which, as usual, Is
heat bonded. The ballast [s then laid dirsctly
on this extra MINERAL TESTUDO sheet.
Since ceraln parts of the tunnel had to be to-
tally coverad with soil to aliow plant growth, the
building mamagemt used INDEX meambranes
freated with the antiroot additive Preventol
BAYER.
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The technical specifications can be sum-
marisad as follows:

bafore applying the waterproofing layer the
whole surface must be coatad with INDEVER
bituminous primer. This is a bituminous solu-
tion containing oxidized bitumen additives and
solvents with a 50% solld content and viscosity
FORD No. 4 at 25° C for 20-25 sec. Once the
primer has dried a polymer-bitumen polyester
walerprooling TESTUDO SPUNBOND 25 of
5 mm thickness is fully heat bonded to the out-
side of the tunnel roel and the covering is con-
tinued for at least 1m down the vertical sides,
Tha membrane s reinforced with a palyester
non woven fabrlc of 250 gr/M2, having a
resistance to traction (Soc. Autostrade - The
ltalian Motorway Company) equal to L: 180
kg8 em, T: 125 kg!8 cm; ullimate elongation
(Soc. Autostrade), LIT of 50%:; resistance to
hot puncture 12 kg; resistance to puncture
with a punch of 0.3 mm in diameter at a speed
of 500mmimin. at 20° C which is equal fo 10.0
daN and at -10° C which is equivalant 1o 310
daM ; a dynamic pucture resistance on as-
bestos cement (UNI 8202 re-verified al 01
atm) of over 30 kg; cold flexibility (UNI 8202)
of =10° C.

The material will also resist thermal shock of
{LCPC -140° C x 10 mins.) and be resistant
to a fissure test camried out at -10° C (LCPC)
belore and then after thermal shock: It will also
resist frost-defrost cycles and de-icing salts.
The waterprrofling mass is treated with the
BAYER ® PREVENTOL antiroot additive. The
antiroot test must comply with DIN 40062 re-
quirsmants, no rool must either perforate the
lower face of tha mambrane OR PENETRATE
INTO THE UPPER FACE. All membranes
should be laid to allow side laps of 100 mm and
and laps of 150 mm which will be fully bond-
ed. After the installation of the first membrane
a second ane should be laid. The second
walerproofing membrana should be fully bond-
ed astride the laps of the first layer. This mam-
brane, a MINERAL TESTUDO SPUNBOND
polyester 4,5 which Is manufactured from poly-
mer bitumen medified with elastomers and
plastomers and reinforced with non woven
fabric of continuosly extruded spunband poly-
aster, has the upper face self-protected by a
layer of slate granules. Weighing 4.5 kg/M*®
the sheet meets the UNI B202 requirements
and has an ulimate longitudinal breaking point
of 75 kg/5 cm, transversal of 65 kg/S am, an
ultimate elongation of 50% at -10° C and
resistance to stalic puncture of &> ka.

The first layer will have been treated with BAY-
ER PREVENTOL B2 anti-root additive. When
subjected to a test this mambrane will resist

rool attack 1o both the u
faces in accordance with

r and lower sur-
IN 4062, It [s vital

thet side laps of 100 mm are allowed and thesa
must be fully bondad.

LATER PROTECTION FO THE TGV TUNNEL

Antirool treatment with
® PREVENTOL B2

* PREVENTOL is a registered trade mark ol
BAYER AG Leverkusen.
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TECHNICAL SPECIFICATIONS

TECHNICAL SPECIFICATIONS

WATERPROQFING
PARIS METRO

TUNNELS ON THE

A STATICN BUILT UNDER A PUBLIC
GARDEM

The waterproofing system is almost identical
o the ane used for the TGY line tunnel. The
only difference in that on the side of the wall
against the soll a gutter was bulll to carry water
to drains.

WATERPROOFING UNDER HOT APPLIED
ASPHALT

In this case the waterproofing element was ob-
tained using a single layer of TESTUDO
SPUNBOND 25-5; this was not treated with
anti-root additive, The membrane was laid fully
bonded after the concrete had been primed.
Asphalt was then applied o the area which was
plannaed for vehicular usea,

NTI-LANDSLIP OR ANTI-AVALANCHE
IGALLERY

Genarally the protective surface (“'the roof™)
will be waterproofed with 8@ membrane as will
the vertical wall of the structure against the
mountain side. The innar wall will have vertl-
cal drainage through gravel fram which the
waler |5 collected by draining pipes.

The technical specifications can be sum-
marised as follow:

The surfaces which will receive waterproofing
must first be treated with a coat of bltuminous
primer, type INDEVER, which is a bituminous
solution made of oxidized bitumen, additives
and solvents, with 50% sold contents and vis-
cosity FORD No, 5 at 25° C al 20 -25 sec.

THE TESTUDO SYSTEM

When the primer has become completaly dry
on the roof and vertical walls (the inner wall)
a waterproofing membrane of type TESTUDO
SPUNBOND polyester 25 will be applied. This
membrane is made of polymer bitumen modi-
fied with elastomer and plastomers and rein-
forced with a non woven (isofroplic) fabric of
continuosly extruded spunbond polyester. The
mambrane, when tested to UNI 8202, has the
following characteristics: ultimate breaking
point Long. 80 kg/s cm, Trans. 70 kg5 em; ul-
timata elongation LT of 5004; dynamic punc-
ture resistance o perforation on asbeastos ce-
ment equal o PD4 the stalic resistance is
aqual 1o PS4,

The cold temperature flexibility is-10° C. The
mambrane has a resistance (o hydraulic pres-
sure {thickness 5 mm} on free discs = 188
em® (F.S.) lo bursting point. It also has a
rasistance o fatigue of 1,000 cycles on active
gsa?m opening 3 mm Iin both directions {In-

).

The membranes must be faid o allow side laps
of 100 mm and they must ba fully bondad with
& suiteble propane gas torch on the lower (out-
side) retainer wall, and cover all its surface
etarting from the bottom and continuing to the

1op.

In mountain areas alfecied by particulary cold
weather, HELASTA P can be used as the al-
temative o Tesluda moembrane. The nstruc-
tions for use can be summarsad as follows:

THE HELASTA SYSTEM

When the primer has become completely dry
on the rool and vartical walls & waterproofing
layer of Felasta P mambrana 4 mm thickness
will be applied fully bonbed using a suilable
propang gas burner, HELASTA P is a modi-
fied bitumen membrane made of & mixture of
distilled polymer bitumen and thermoplastic
styrene butadiene copolymers (SBS) rein-
forcad with a *'non woven' fabric produced
with a continuosly extruded SPUNBOND fibre;
the bituman compound will achieve elongation
of 2000%, The technical characteristics of the
mambranes when testad to UNI 8202 ara:

- Resistance lo traction: Long. 90 kg/s cm,
Trans. B0 koS cm

- Elongation to breaking point (ultimalte elon-
gation) LIT 50%

= Flexibility at low temparature -25% C

- Resistance to dynamic puncture on asbestos
cement PD4

- Resistance to static puncture on asbestos ce-
ment PS4

- Resistance 1o fatigue at least 10,000 cycles
at 0°C and af least 1,000 cycles at -10® C.

The membrane applied by heat bonding should
always have side laps of 100 mm width. The
waterproof covering should be complated as
for the Testudo solution.

ANTIROOT TREATMENT WITH
PREVENTOL B2

PREVENTOL IS A REGISTERED TRADE
MARK

of BAYER AG LEVERKUSEN.



DETAILS

1 - FLAT JOINT (TGV ATLANTIGUE)

On the roof of the TGV lunnel there are trans-
varsa joints in thea concreta overy 8 - 10 m.
Each joint has been coverad with an alumini-
um plate 20 - 25 cm In width which has been
fixed on one side only and then coverad with
the waterprocfing layer.

2 - JOINING WITH THE VERTICAL WATER-
PROOFING (TGV ATLANTIQUE)

The top end of the layar of MINERAL TESTU-
DO runs down from the roof to the upper part
of the wall for a lenght of 40-50 cm to form a
square [oose overlap which rests on the drain-
ing fabric.

3 - BRIDGING THE JOINTS BETWEEN THE

PANELS

Strips of TESTUDO SPUNBOND 25-30 cm

wide have been bonded over the |oints of the

vertical panels which form the curtain wall, The

int re the vertical surface mests the

orizontal beam at the base of the wall 50 mm

wide strips of TESTUDO SPUNBOND 25-5

have been applied fully bonded.

VERTICAL DRAINING LAYER

For draining purposes a special draining mat-

o,

tress is used. It is made of two distinctive lay-
ers: the first is composed of 20 mm non woven
fabric, the second is a geotextile frabric weigh-
ing about 150 griM® which is fixed along the
top and on one lateral side only of the drain-
ing fabric. The draining coverage is applied to
the structure starting from the top and is con-
tinued until the draining pipes are completely
coverad.
DRAINING PIPE
On the TGV tunnel, draining pipes with boles
the sides were used, while draining pipes
ﬁu of & porous concrete were used for the

D,
PROTECTION DURING THE REFILLING OF
THE TUNNEL

Vertical panels of 1-2 om thickness made of
compressed cellulose fibres were installed to
protect the waterproofing applied to the walls
of the TGV funnel. Then the exposed side of
the tunnel was coverad with earth.

REFILLING OPERATIONS

Altough the membranes used have an ex-
tremaly high degree of resistance to puncture
the refiliing operation has to be carred oul
carafully.

The firs! layer of sarth should be free from
stongs, After completion of the first layer of
earth, & sscond layer made with suitable peb-
bles can be added. Those vertical areas co-
vered with waterproofing membranes are bast
rafilled with material capable of carrying out
a drainage function whilst offering adeguate
mechanical protection. It only mechanical pro-
tection is required pansls of polystyrena foam
or comprassed fibre panals can ba used,

INDEX's production uses exclusive industrial patents covering secret processes employed during manufacturing.
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advanced waterproofing systems,
insulations and refurbishment
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