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ABSTRACT: The Athens Metro project is a $ 2,6 billion project financed by EU. A consortium of 25 
international companies construct the project and Bechtel represents the Greek goverment as client. To 
provide a better focus for civil construction the seven contractors in that group formed the Athens Metro 
civil works Joint Venture. With this Joint Venture Ergotech signed a subcontract of 6 million. USO for 
suppling and installing geosynthetic waterproofing materials. The most interesting typical procedure of 
these works are presented in this paper. 

1. INTROOUCTION 
The Athens Metro ranks as one of the largest 
public works project in the history of Greece and 
presently underway in Europe. When fully 
operated, the two new lines will carry an 
estimated 140 million passengers a year or 450.000 
daily. The projeet will produce 2,5 million m3 of 
excavated rock and soil and utilize 700.000 m3 

of eoncrete and 60.000 tons of structural and 
reinforeed steel 
300.000 m2 geomembranes and 700.000 m2 

geotextiles will be used for the waterproofing of 
the 21 stations at the 2 lines. 

2. PROJECT OESCRIPTION 
Two methods are used for the excavation of the 
stations. The Cut and Cover structure method for 
the 14 shallow stations and the underground 
NA TM method for the rest 7 stations. 
Preeise speeification defines the procedure to be 
implemented for the waterproofing of structures 
based on the' German Specification for Railway 
Tunnel OS 853. 

21. Cut and Cover structures 
The following steps in the application of the 
geosynthetics are addressed. 

2.1.1. Subgrade Surface preparation 
2.1.2. Application of geosynthetics (geotextiles and 
membranes) 
2.1.3. Welding of waterproofing membrane 
:2.1.4. Testing 
2.1.5. Application of Protection layer 
2.1.6). Compartmentation 
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2.1.1 Subgrade Surface Preparation 
An important criterion for the functioning 
capacity of waterproofing membrane in Cut and 
Cover structure is the shotcrete retain layer 
which serves as a backing and for fixing the 
waterproofing system at the same time. 
It is essential that the shotcrete walls not only 
care for the stability but at the same time cover 
rock outbursts, ledges, ridges, projeeting, support 
anchorage to such an extent that the followin g 
conditions for suitable support are fulfilled. 
- Sufficient consistency for form and stability 
- Thickness at least 50 mm 
- Maximum grain size 16 mm 
- Ratio of the diameter of the height of local 
outburst related uneveness in the waterproofing 
carrier, given that flexible waterproofing 
membrane has a thickness of 2,5 mm, at least 5:1 
- Round off at least 2,OOmm minimum radius. 
In case these requirements can not be wel, two 
layers of sepa.ration are laid. 

2.l.2. Application of Geosynthetic materials 
a. Raft ~ 

A protection layer of a geotextile 500 gr./m2 is 
installed at the bottom face of the excavation on 
top of a conerete layer of 100 mm thickness. 
The geotextile is overlapped by 100 mm and 
jointed by spot welding to avoid over-str~ss 
during concreting. 
The subsequently applied geomembrane is laid on 
the geotextile. The laying of the geomembrane 
follows a design plan in order to minimize 
welding.After laylng, the waterproofing 
mem~rane is protected with a geotextile of 500 
gr./m and ·Öil' top ofthat a lean concrete layer 
with a thickness of 70 mm is poured. 



b. Side Walls 
The .l'rotection layer of the geotextile of 500 
gr./m> is installed with mechanical fixation on the 
top of the wall. The geotextile are overlapped by 
ISO mm and the overlaps are welded with hot air 
guns. 
On both sides of the overlaps in a distance of 20-
25 cm the geotextiles are fixed every 2m vertical 
with rondels of a diameter of 80 mm compatible 
with the membrane. 
After that the membrane is laid with adequate 
side overlapping. The membrane is precut in 20 m 
long pieces (equal to the depth of the wall). The 
pieces are held at the top with nails and they are 
welded downwards on the rondels that are already 
installed on the geotextile with a moving basket 
which is hung by a crane. 
The welding of the fixing device to the 
waterproofing membrane must be undertaken in 
such a way with the hot air guns, that any tear is 
outside the membrane in the event of stress. The 
material from the walls meet the raft membranes 
and are welded together. 

c. Roof Slabs 
After pouring the top slab, the geotextile of 500 
gr./m

2 
is laid and the waterproofing membrane is 

installed. The membrane which is already 
installed at the walls is cut from the top fixing 
nails and is folded to meet the roof slab 
membrane. The protection layer is laid on top of 
the membrane and a lean concrete layer of 75 
mm is poured before the backfilling 

d. Protrusion, detail f1ashing and singular points. 
All the penetration points are waterproofed using 
loose and fixed flange construction. A special 
profile of hydrophilic material is used. All the 
details have to be designed by the manufacturer 
and the installer, and approved by the supervising 
authority before the execution of the works. 

2.1.3. Welding of the waterproofing membrane. 
The membranes are welded by homogeneous 
welding undertaken by means of automatic 
heated wedge welding units, which produce a 
hollow channel between two weId seams running 
in parallel The double seam hereby produced is 
checked for tightness and mechanical 
characteristics. Welding can be carried out 
irrespective of the state (roughness, corrugation) 
of the shotcrete layer . In this process, the 
experienced laying personnel merely guide by 
hand the light and handy welding unit between 
the overlapped waterproofing membranes being 
welded and ensure the prescribed overlapping 
width of the strips. 

Extrusion- welded seam are used for alJ repair 
worle, special connections and details by means of 
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special extrusion welders and the use of welding 
rod of the same material of the membrane. 

·2.1.4. Testing 
a. Visual inspections 
Prior to installing the membrane complex , visual 
inspection of the supporting layer is carried out 
together with the verification of fixing devices. 
After the installation of reinforcement, visual 
inspection is performed to verify that the 
membrane has not been subject to physical 
damages. 

b. Double seam testing 
Air tightness and mechanical strength of the seam 
are checked by introducing compressed air into 
the test channel. Apressure of 0,2 mpa is applied 
in the test channel through a needle fitted with a 
built in manometer. This press ure is maintained 
for 10 minutes. It shall be noted that it is likely to 
notice apressure drop of up to 20% due to the 
widening of the test channel while the pressure is 
building up. 

c. Extrusion seam testing 
The vacuum test method is used for all the 
extrusion welded seams. The test fluid is applied 
to the seam by suitable means. The vacuum bell 
jar is placed over the seam area to be tested and 
the vacuum pump starts to produce a partial 
vacuum in the test bell jar. The reduced pressure 
of 20 kpa , at the most, is mainted. If there is a 
leak, bubbles are formed in the test fluid. 
In vertical extrusion seams or in thriedral corner 
or in any other case that the vacuum bell jar 
cannot be applied, dielectric test is applied. The 
dielectric method uses spark tester machines. The 
test demands a cord of cop per under the extrusion 
for making the area conductive. A spark gun 
charges high frequency voltage on the seam . If 
there is a hole, a spark will be transrnitted. 

2.1.5. Application of protection layer 
A geotextile of 500 gr./m2 as already mentioned, 
is applied on top of the membrane at rafts and at 
top slabs as a protection layer beneath the lean 
concrete. In case that the backfilling is placed 
directly on the membrane, a geotextile 800 gr./nl 
is installed. There is no protection layer on the 
membrane at walls. This is a choice of the design 
in order to justify the existence of the signal 
layer of the membrane. It is safer to see a defect 
from the placement of the reinforcement on the 
"negative" black board of the signallayer, than to 
cover the membrane with the geotextile trying to 
protect it without knowing the result. 



2.1.6. Compartmentation 
All the waterproofing is performed using 
eompartment methods. Waterbars are used at eaeh 
eonstruetion and expansion joints and also to 
form the eompartments whieh have a maximum 
size of 400 m2

. The eompartments are eonstituted 
by the membrane welded on the waterbars, 
resulting in independent waterproofed seetor 
whieh permits to loeate easily any defeet in the 
waterproofing work. At the loeation of expansion 
joints, the membrane is welded on the waterbars 
situated at the faee of the final eonerete 
strueture. 
All the waterbars are welded by extrusion weId 
seam. In eaeh eompartment, 5 injeetion pipes are 
installed in order to ereate an entrance for the 
injection grout. 

22 Underground structures 
The same proeedure as in C/C struetures is 
followed for the applieation of geosyntheties in 
underground struetures. 
After the surface preparation whieh is exeeuted 
as in 2.1.1, the applieation of geosyntheties 
folIows. 
a. Floors 
Aseparation layer of an 800 gr./m2 geotextile is 
placed to protect the geomembrane against 
mechanical damage. The subsequently applied 
sealing membrane is Iaid in the slightly curved 
form of the floor longitudinally. The sealing 
membrane ends on both sides at crown strips 
running radially in order to present the formation 
of a crossing point in the roof seetion and also to 
be better able to compensate for uneven strip 
length, which may oecur as a result of changes in 
cross-seetion. 
Whenever possible, the longitudinally laid 
membrane of the floor area is extended to 
approximately 1 m above the upper edge of the 
reinforeing bars of the fIoor eonerete, in order to 
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facilitate the welding of the floor sealing with 
the vault sealing. 
After laying, the fIoor sealing membrane is 
earefully seeured againsf mechanieal damages 
from work earried out in subsequent eraft phases. 
To this effeet, a proteetion layer of 500 gr./m

2 
is 

laid and an additional layer of 70 mm kak 
concrete is placed. The separation layer and the 
membrane are fixed on the shotcrete at a 
ninimum rate of 1 fixing device per m

2 
• 

:J. Crown and side wall 
The geomembranes for the crown and side wall 
are laid radially to the structural axis from a 
mobile Iaying scaffold and welded to the axially 
Iaid floor sealing. 
First the separation layer of a geotex tile 800 
gr./m2 is fixed onto the shotcrete substrate with 
the appropriate fixing devices and fixed to the 
farthest from the axis in the vault and side wall 
area. A minimum of 2 deviees per m2 on walls and 
a minimum of 2 to 3 deviees per m2 on roof are 
used. By means of this arrangement of fixing 
points, sufficient basic material is available for 
the sealing membranes and the possibility of over 
stressing valleys in the sealing carrier is 
eliminated in the event of straining movements. 
Subsequently, the sealing membranes are laid with 
adequate side edge overlapping. 
The sealing membrane radially aligned by the 
laying scaffold are welded onto the fixing devices 
by hand with hot air. The welding of the fixing 
device to the sealing must be undertaken in such 
a way that any tear is outside the membrane in 
the event of stress. The strip thickness shall not 
be reduced by the tearing of the membrane from 
the plate. 

The weiding of the membrane, the testing of the 
system and the compartmentation are executed as 
in the prescribed C/C structures section. 



3. MATERIALS SPECIFICATlONS 
3.1. Geotextiles 
All the geotextiles that are used are non wovens 
from 100% polypropylene with the following 
characteristics: 

WEIGHT THICKNESS TENSILE ELONGATION 

STRENGTH 

DlNS3854 DIN53855 DIN53857/2 DIN53857/2 

g/m2 mm kg/5cm 

SOO 4,4 25 

800 7 45 

Suppliers: Geofelt GmbH, Tessllbrenta SRL 

3.2 Waterbars 
PE modified waterbars are used for all the 
constructions and expansion joints and for the 
formation of the compartments with the 
VLDPE membranes and PVC waterbars are 
used with the PVC membranes, with 
tbe following characteristics: 

Physical Properties 
Properties 

% 

,60 

.60 

Test 

PERMEABILITY 

m/s 

4,OxI0-3 

3,OxI0-3 

Unit 
Standard DIN 

Tensile strength 53455 N/mm2 
Elongation at maximum tensile strength 53455 % 
Shore hardnes~ A 53505 
Welding f actor 18541 
Behaviour in fire 4102 
Flammability dass 4102 
Bebaviour after storage in bitumen. 18541 % 

Allowed modification of the median values 
Bebaviour at low temperatures- Elongation 18541 % 

at maximum Strength 
Supphers: DurabJl Bauplast GmbH, Slka AG 
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PORE TEAR 

SIZE X ESISTANCE I 

DlNS3363 

micron Kg 

70-90 10 

70-90 20 

Values 

.12 
.650 
85-88 
)0,9 
82 
82 
)20 

)200 



3.3. Geomembranes 
VLDPE geomembranes are use in 70% of 
the project.. PVC geomembranes are used 
in the rest, with the following characteristics. 

POS TESTING SIZE TESTING 
No STANDARDS 

1 Thickness DIN 53370 

2 Tensile strength DIN 53455 
(lengthwise and 
crosswise) 

3 Elongation tear DIN 53455 
(lengthwise and 
crosswise) 

4 Compressive strain at DIN 53454 
20% upsetting 
deformation 

5 Permanent set at 20% DIN 53517 
deformation 

6 Slot compressive DIN 16937 
resistance 

7 Cold fracture DIN 
temperature (thorn 46456/1 
2mm:-30 C) 

8 Cold fracture DIN 53372 
temperature( -20C) 

9 Shrinkage behavior SIA 280/3 

10 Shore hardness A DIN 53505 
11 Water absorption (28 DIN 53495 

days) 
12 Puncture OKI 

cC!mpressive resistance 
13 Continuouscompressi SIA 280113 

va resistance (48 hours) 

14 Behavior at water DIN 16726 
pressure load 

15 Correction of DIN 
dimensions after heat 16726/5.13.1. 
reversion 

REQUIRMENTS 

>2,0 mm 

>12,0 N/mm2 

>300% 

>2,5 N/mm2 

<5% 

12 barllh 

No fracture at: -
30C 

No fracture at:-
20C 

12% 

>70 
<1% 

> 700N 

> 3,0 N/mm2 

Tight at 10 bar 
lOh 

1% 

16 Behavior after he at DIN 16726/5.1-3.3 
ageing (over 70 days) 

RECEIVED 
MEASURED 

VALUES 

x-2,26 
s=0,10 

h:x-16,2 
s=I,4 q:x=15,3 
s=0,5 

f:x-983 s-9 
q:x=954 
s=32 

x-6,5 s-0,3 

x-3,96 
s=0,39 

Tight after 
12 bar/lh 

fulfilled 

fulfilled 

l;x--1,66 
s=0.2 q:x=-
0,30 s=O 

x-89 s-0,3 
x=-0,15 

s=0,02 
x=2147 

s=168 
After use 

tight therfore 
fulfilled 

Tight after 
lOh in 12 bar 

l;x=-1,65 
s=0.06 
q:x=-0,10 
s=0,05 

Structure free of bubbles and blowholes 

Correction of <2% 
dimensions 

Changing of the elongation at tear <20% 

17 Multiaxis elongation ONORM > 80% x-244 s-16 
at tear 2073 . ' . 

18 Behavior at the DIN • > 750 mm Tight al 
perforation test 16726/5.12 800 m height 

of fall 
Supphers: Agru GmbH, GundIe S.A., Alkor GmbH, Slka AG 
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4. DETAILS 
4.1. Cut and Cover structures 4.2 Underground slructures 

FS:==="~~~~=='~ 
_f1f"I._n..:.~~...-...L 

-.... J'-.-a f'U ___ =.:_:;.. ___ + . ....:.:..:..:..._ 

U/G STATION CURRENT SECTION 

Corner @ Top Slab U/G STATIDN SECTION CTYMPANUI.I WALL 

Corner @ Raft 

U/G STATION SECTION CTYI.IPAWUM WALL 
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4,3. General details 

500 gr/m2 rnin.) 

~~ 
@ Constructio~ W7rEiSl'GP' TYPE ;'-A 

DET_A_I_L __ @ __ C~o~m~p~o~r~,~rn~, ~e~n~t_-~W~o~ilc 
NrS 

r;:======~N coricRETE (50 1T1:T1 min ,' 
"EOTEXTILE (500 gr/m2) , 

E
~EM8RANE (VLOPE 2,5mm) 

r-SE'PAAA1ION LAY(R (qeoteKlile 500 gr/ml min.) 

I r--- lCN4 Ccr~CRETE (50 mm mint) 

, 
( · 7 /_ ,Y .. "" " ~ 
. ... ... e. ~.:~ ......... ~::.L~s: __ " /~;-,,-:,-,,,-, :,-"-, .-, ,-, 
... . - ... 

Detoil @ C:omno .. tment , Ro:: 
NTS 

INv'ÖC:-:-ION PIPE @ Roft 
tJT~ 
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Q DETAIL CRQSS!N6 PIPES 

":. ,., 
I 

" THEnMAL WELOING 

: 4 . 

- . ' 

~ . :{ ' G'EOr'Eiml-E: ~O~.);;;t~:. ,';: 
. ' • '. ... • ""'" • ... • • ~. '<J"' • . !. ':'" M E).(BnANE.. PE 2.5 m m ' .,: : :~" l, 
," ~''- '::~' .. ' ~:;:l:: '::- '- ·'· :'::''' .. ~ :.: .~: : ' · ~.I~:';. 

.1 ., 

DETAIL 

GE OTEX TlL E 500./m2 

~iEMBnANe' PE. !.5 '" m 

.' 

; .. . . 

DETAIL OF THE CONSTRU(JlON OF A THRIEORAL CORNER 
WITH MEMBRANE VLDPE 



5. CONCLUS10NS 
Tho requirement to provide a tota lly waterproof 
system with absence of any lea kase, seapage and 
damp pDtches led aU the involyed panies 10 selecl 
and instaU a system based on Seosynthetics. 
Strict specifications, designs, a5 built drawings, QC 
procedures Ind high quality materials applied by 
experienced and authorised installers, certify that 
the projecI will haye the defined qua lity and 
durability lhroughout the years. 
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