111411111E7117111111111111111 *159159* Met hod- and devi ce for checking the
seal of structural seals 5 The present inv&Mm

I l,Ates to a nethod and
devi ce for checking the tightness of str m %@NH@EME. The invention
relates in particular to a nethod for det ed or faulty points,
in particular weak points having a reduced ndats®ffal thickness in a
menbr ane-type, electrically non- 10 conductive or only poorly conductive-
structural seal which has a high electrical disruptive strength by
conparison with air and is provided wiqth an electrically conductive |ayer
which is arranged inside-or outside the structural seal and extends over
substantially the entire surface of the structural seal 15 and to which an
el ectri caifetlesd ampl tdmgeidcs Hpplhesbkiargl the semnirfinettypoarstiy uodalksal seal ,
which is made of electrically non-conductive or only poorly conductive
material and has a high electrical disruptive strength by conparison with

air.,5 conpé i sitdeerae tasietievdeer i d @h LIestndLanyddpoe saur ce 20 for
detecting damaged or faulty points, in particular weak points having a

Feducedhat eY il H i ckifesas $h thes sthdfetiaals st , Bl ot sithg an
el ectri£al dye conducti ves ayere yhi %t!k?o@rf%“%i;%éhé‘éﬂ QeI e the

structural seal and extends over substanti e entire s of the
struct ufallseateiss  Thius dart ioeidr arss it ypel sealisahiave a eprdsent ed a
consi der abl e. proportion of. structyral seals, I%g(purpose of structural

seal s i 8210 PHot €6t FHe butt dif AV 4%4b1 ¥ Biyai st thie pehet Tt on Of

gr aundvwad edy ctgiard Mo b Sl Neo idy rad iy el BFe ath 30 d iS40 prigyviedyt wlaymge to
the basic structure and limtations on the use of the building over the

entire %iPeIfelee HFa i drgS T Wb e rfe- T et Is dalf CyBetialdy wiotsiastr of
bi tum ngus ;s provided with an.electrically conductive iayer which is
arranged inside-or outside the structural seal and extends
over substantially the entire surface of the structural seal
15 and to which an.electrical test voltage is applied, and to a
membrane-type structural seal, which is made of electrically
non-conductive or only poorly conductive material and has a
high electrical disruptive strength by comparison with air,
comprising a test device having an electrical voltage source
20 for detecting damaged or faulty points, in particular weak
.points having a reduced material thickness in the structural
seal, and comprising an electrically conductive layer which is
arrangéd inside or outside the structural seal and extends

over substantially the entire surface of the structural seal.

Thus far, membrane-type seals have represented a considerable
proportion of structural seals. The purpose of structural
seals is to protect the building reliably against the
penetration of groundwater, earth moisture and rain watef and

30 thus to prevent damage to the basic structure and limitations
on the use of the building over.the entire life of the

building. Membrane-type seals generally consist of bituminous

I
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1111111111111111 *@&00002* - 2 - masses or of the mass plastics materials
whi ch are avail abl e nowadays, and industrially are produced generally as
web-type products but also increasingly as sealing masses to be applied to
surfaces on the building site. To carry out their function, 5 nmenbrane-type
seal s hmssd0 de aatere gy .plRrsaduct ntefadts,s fallldly JrOcessi hle
inapprgrgri ac#e | oads. and the effect of weathering can lead to a | oss of

ti ght ndS¥'347 Yot Hhe-t P St lict i Reduceh e naiad lvak T dlifs e@%ensi ve

10 furthesqdamagad o ithe b dding dify the damage is, Nots idenid faﬁgﬁise%ﬁ”
enough in order to be elimnated inediately in a targeted manner. Thus,

t he major igyr fofcadnmige o Duildiny s ittis TFarcadrmy een Weused wyctdianage to
thecstr seal s._ Further ystemati.c damage elimnation is often

i mgssirﬁﬁq‘]{eb%%{ee\%gﬁbﬁ fsetar%ies }s}lé—"é’l'e istsO oWt 1 %&%ﬁﬁaged, since the danaged
poi nt cannot be |ocated and is often inaccessibly enbedded in the structure
of the bui] ding, mage to nmenbrane-type structural seals thus involves

consi derafi¥ ot RAYIHY, PHPSAGE G (P IFRgradin dioaterad have

al r eady; theety atdemt sydamdmnyg ¥eal S d P de Qptd Qsi%}pgné@iitrpri ng
tightness and locating leaks in structural seals, with the aim of
r ecogniBSTRY BT ¢ ekl ¥kl $eon sas Pob silbise cand daow iS4t isvadanage as

pre¢i sely..as po aﬁ; e.. TQ%eor S .Iry availabl e 25 saol utiagns are . _.
characteri se l%s/aﬂ e fol |'ow r%)gllgl;golpeqr tjitgs?hesydtseatmear%e of° 3's r?pqae_él,ec“led
conventsanalergypet iim drvese 3y $teensl intires tseBlirne diensdrpctreds i N such a way
that on the side of the seal intended to be dry, a visual checking option
is provﬁ%ﬁﬁfﬁﬁ? manner. Thus, the majority of damage to bu;ld;ngs

thus far has been caused by damage to the structural seals.

Further, systematic damage elimination is often impossible

15 even if the seal is known to be damaged, since the damaged
point cannot be located and is often inaccessibly embedded in
the structure of the building. Damage to membrane-type

structural seals thus involves considerable damage potential.

20 Against this background, there have already been attempts for
many years to provide options for monitoring tightness and
locating leaks in structural seals, with the aim of
recognising damage to seals as soon as possible and locating
this damage as precisely as possible. The presently available

25 solutions are characterised by the following properties:

Systems of a simple, conventional type: in these systems, the
seal is constructed in such a way that on the side of the seal
intended to be dry, a visual checking option is provided in

30  such a way that penetrating leaked water can be identified in
the course of an inspection. By adding electrical'moistﬁre

detectors, the monitoring can also be automated. A



30 such a way that penetrating | eaked water can be identified in the course
of an inspection. By adding electrical;misture detectors, the nonitoring
can al so be automated. A disadvantage of this construction is that it is
virtually inmpossible to | ocate | eaks, and | eaked water al so cannot be

di sti ngui sdrehftraom tde appear@nceoft candensatd on wateryidigusuch a way that
decisive leak identification is not possible 5 in practice. A further

di sadvarliREs 1L Hat P ek Gkt heE&kaied e hIWRRAT depehdeaitnYn Qe seal

bei ng | paded, ar; ldeadiohawinghean d.paded wighwatars gt the ting of the
test. Vacuumsystens: in these systens, the seal Is constructed wth 10 two
| ayer s surisuchvay wayat hicisieree lien kan dshaiusitdadieorn nit s rmetdiatses idplace
between. the seal layers. If the control space .is evacyated to a particular
neg\gtei VE pressure,” the Lfintg‘Lh‘trnedglsSaocpvairhtea%eéS ddi e ee(f%?ﬁ%ot sed on the
i NCreasgedn i eSSt s Qifertddit AN @Y BYA9Oind hisa fystemd s dha) the 15
tightness of the seal can al so be determ ned independently of . -

wat er - |T5aH Y. LIS dRAfRAgES Tof"a iR et Hote driena 1R Hilth %&sts of the doubl e
seal systemand the |ack of an option for |ocating the damaged point in a
targeted manner in the case of a | eak. 20 Electro-resistive systens: these
syst ensVa&Xpioi gy s actn tthese gyt dfhe e atatier i@inttheraofd with
menfrane-type seal.s hav hi gh .el ect,rical .resistivity and a high

di g? uptnC S\’/Oe lsafeyree‘nsgt%n. é:?‘. %uswag'ontf%}agturta}ﬁroensl e a@\,’i\iia}%soﬁ {9511925 I'n

pot ent i iomef il iethadscd he wleat rie potantliale fd eldk which-@dsgs when an
electrical voltage is applied between the wet seal exterior or the contact

| ayer, Bt2The i 1o & i tur i Thidte 189310 CoTRIS U pertnq s
det er m diedh 1k 4N& M8IH 3% £ &Id P Pfad e r$8Alq Yaddy & ﬁérﬁe;tifd&aéas%ont act

| ayer on the side intended to be dry underneath the sea passi ng an
el ect riih curessitre nough idve |Aealke pointageThes e st hpdst ani hechat the

15 tightness of the seal can also be determined independently of
water-loading. Disadvantages of the method are the high costs
of the double seal system and the lack of an option for

locating the damaged point in a targeted manner in the case of

a leak.

20
Electro-resistive systems: these systems exploit the fact
thét, in terms of the material thereof, membrane-type seals
have a high electriéal resistivity and a high disruptive
strength. Various configurations are available:

25

In potentiometric methods, the electric potential field which
arises when an electrical voltage is applied between the wet
seal exterior or the conﬁact layer, or the building structure
if there is no contact layer, is determined on the wet

30 exterior of the seal or in an electrical contact layer on the
side intended to be dry underneath the seal by passing an

electric current through the leak point. These methods can be



- 4 - very effective, depending on the technical inplenentation, and in
sone cases nmake fully automatic tightmess nonitoring and precise |ocation
of | eak points possible. 5Patent DE 41 25 430 -C2 discloses a sealing film
having an internal conductive |layer which is covered with an electrically
non- conveuat iefé ekayer, odepackhiofy the thwotsctdescalf itbéeaensaaibeakand this
seal, the occurrence of t eak can be iden%ified by neasuring the current

I
f1 owi ng"f °GMt FE>E6 €6 8uE$9&8 PayEFtdGard§ FRE SEaFth 6P 8%aras t he

conduc ﬁ%%i%@pgghbtﬁgﬁiﬁﬁlléa@i%@QM@BF%g%sQElEhese methods is that |eak
identification is basically only possible when the seal is |oaded with

wat er or 15 wet covering material and a conductive path has forned at the

| eak P%%Q%ﬁdeﬂaM1055p%@%t%2tBQQCEBE%%U%?seBEiEBefQ§§§H%%q%§ta'S carried
out fromthe upper seal surface, the entire seal” surface nust be exam ned
manual liyxtwirtnfa 1t kentlest idevilegeirn warider itso cokeckdt ve tdeah. This requires a

consi der.abl e .a nt 20 of ti .and _only produces reliable results w.th
SUFF 1 Ciodm Seendpi SOPRAGRFUAGAY SThPY i S3dvaRTagd I-SovdPcandern Tt

hi gh- vali{age itest 18BKNeds thy sUsieRd , atmrvaklke rtesicelbecthedecakknewn as a
spark brush, to 25 agply to the uncovered side of the seal, facing away
from t e BEierdiidgedahi gk arortage theheugsgnttef Lpoliadoff r@Hi ¢hei s either the
earphed byl di.qg SLLUGL ULe %%.WQh%heEQ%h5%§'5b%ak%%dtgk an %ﬁ%kﬁbgna'
conductlveulayer on“the side tacing the building imme |atef§ bel ow or

behi nd stuppcseaimedtihen.l ayer either |lying 30 | oosely bel ow or behind the seal
or being firmy connected to the seal as disclosed in patent application WO
00/01895 Al. If the test electrode is then guided over a damaged point in

t he A disadvantage of these methods is that leak identification is
basically only possible when the seal is loaded with water or
15 wet covering material and a conductive path has formed at the
leak point by way of penetrating moisture. If the measurement
is carried out from the upper seal surface, the entire seal
surface must be examined manually with the test device in.
order to check the seal. This requires a considerable amount
20 of time and only produces reliable results with sufficient

specialist knowledge.

This disadvantage is overcome in high-voltage test methods by
using a movable test electrode, known as a spark brush, to

25 apply to the uncovered side of the seal, facing away from the
building, a high voltage, the counter pole of which is either
the earthed building structure on which the seal is laid or an
additional conductive layer on the side facing the building
immediately below or behind the seal, the layer either lying

30 loosely below or behind the seal or being firmly connected to

the seal as disclosed in patent application WO 00/01895 Al. If .

D

the test electrode is then guided over a damaged point in the



5 seal, the disruptive strength there is reduced by conparison with the

i ntact seal surface, either because-the_-material thickness is lower than in
an intact seal as a result of the danage or because there is nerely an air

gap which has a 5 considerably | ower disruptive strength than the sea

mat er i @&lkealAs taer dsalrtipafi vieheseccgnti thems, ia spdukedsbiygnbtgdriipon passi ng

over a da oint. This is detected e device and a leak is thus

d t .
re|iabW§tggg§Fi$PEaFtsée& FBr%éC8b|§ng%ﬁoEECBHF§ WERTREREERVel y | ow t est

vol t agesi ckResaNMesavailkabke kOisyshenhthhe test ks garkkedcodk whth a water
sprayi ng device instead of a spark brush, in such a way that the voltage is

appl i edaire9ehersearavisa thergater npeelywhhnchirhearakbécpehesrates into
Bl -t i h d i 1ect i t
capg! i alys ﬁ@?ag?§a%§@igobg§§&§£?vg §%58&§g§g%ﬁaﬁ ¢Ra g%ghvﬁggggggg lon a

t he damaged poi nt: di age o I gh-vol tage hods is
t hat the seaksmist olfie therpl ebaly tinceyeredpaairdikf ithesedmapbads are

applied using water as a test nediun%hmater can run off apd produce an
-O'

el ect r PEEFBENAEEEI Bn "4 IERe PEAGE tfie*SedFLes6°di S¥oFPEnHeVAES

neasur erent nesul ts Shige rkheaenti racpeakiBas to he exapkngdiw £h the test
el ectrode for testing, the nethod is very time-consumng, in particular '

when | #°ge 6P lgobi k) acdessiveile sedl §eafevrdthesrestedsome AseithBlentire
SUEBaC%g%%eRQU?ngtg%&hi%h a&%ﬁ%dekﬁ%tQQQE %u&%@grtgﬁEggghﬁg@EQQc%S cannot
y t 0 corre

be systemati ca moni t ored, erers aris I'A asurenments. The
known Hinghewal bdge testrk areshhusnneticauikt ablyethar tast vbgthykel dsng seal s .
systenatiially durgng suqsegueng bui l ding work, since in this case it is

of ten RAEPIARGerCpb8si 5Pt §14cE8Es "RRE el 261rh paFrPi 84F8r in tunnel

seals,ﬁﬁ%@$;q§g§g@nk% 2a¥8nY a3hoRbecanhabkakpoghRce s88ak ndamage is
enera 1 rs
J pgéduces a conductive connection at the damaged_point.

15
A disadvantage of known high-voltage test methods is that the
seal must be completely uncovered, and if these methods are
applied using water as a test medium, water can run off and
produce an electrical connection via the edge of the seal,

20 distorting the measurement result. Since the entire seal has
to be examined with the test electrode for testing, the method
is very time-consuming, in particular when large or poorly
accessible seals are to be tested. If not the entire surface
is brushed with the test electrode during testing, which

25 cannct be systematically monitored, there is a risk of
incorfect measurements. The known high-voltage tests are thus
not suitable for testing building seals systematically during
subsequent building work, since in this case it is often no

longer possible to access the seal.

In particular in tunnel seals, seal damage is a very

significant risk, since seal damage is generally first



6 identified when water enters the finished tunnel, since the drainage must .
initially be ceased before the hydrestkati c | oading pressure on the seal is
set and the seal is first loaded with water. The pressure build-up in this
case results 5 in a further risk of damage to the seal, since as the
externahcpra§3@deWMR@r®a$e$,ehherseahei§ipﬂeﬁsédtnnhelandinueetsbrongly
agalnst the concrete inner s of g Bygner shel |l are not

hel | . |
conpl et &Py PRIF BYS ﬁﬁlgéﬁ e% Fﬁ85§§ QrﬁrE garhétifne uncovered

rei nf oneeweRly &e%@@rbnaartﬁae%éalolgn@e@eaaarahedsebm gychiasway that
there are furt ri sks of damage. The problemis aggravated by the fact

t hat tH@aﬂ@@ewltéswﬁé§fbe5ﬁef@@ﬁésﬁyeekpéﬂﬁeﬁ§elndéésSnéﬁséxﬁﬁsvﬁésconcrete
Lnnet ahel A chhe plhace shatgathecheaksl Dothe sealcl 9 achuatly pagated.
behin r shel T un

but finds a pat the concrete inne I't EXIES at | eaky
gaps |@reheqwelnmgrbeSWeenfhenneblsegnpmbssed mhreughdcmaek5stmotbey

t he . t I b Si al ed hehind the t I
nner SRBAMSn C30. GG A ey "PRAL 1 danfor *B8 PRpGL A° aRAA0

i nfor mahican arconby vagpecitBfigr@atien aschocbherpesitiga gbathesleak is
avai l abl e, repairing |leaks in tunnel seals has thus far required expensive

i nj ect PER SHEEC 89868 56y EPcaUNSPYE L8PS lMPERSTANEpPEe thE ﬂﬁéegréé?l xpense
ar g of L& §3§g%%%%%hulin'eu%ﬁ Sugh.ac gy &F@&e 2L 98 QUIbeL (Ol ! 8@”6'5

remain espite’'repairs and pernmanent gener at e consi &rab
|ncrea§@mag&inﬁéﬂapc@bd@mtss EhgsavanedtSyanhaaEaCEpOhatfohezwéderthe Swi ss

Feder al bor tor| s far, Materials Testi.ng and e EMPA) reported on
t he re@&l %OHP% 3¥e§ﬁ8ﬁerBf8Ctd§gs with ?Hégs&F§gc?88£?5?pRoads

Ofice mEEBR@)qelllnlwhltﬁla glhetalhek<63ndwWisskt uAnehs were tested for the
effectlveness of the sealing.systens thereof. Subsequently, even after

repairgcftyally located, but finds a path behind the concrete inner
15 shell until it exits at leaky gaps in the joints between
tunnel segments or through cracks in the concrete in the

tunnel tubes.

Since the seal is concealed behind the tunnel inner shell in

20 such a way that it cannot be inspected, and no information or
only vague information as to the position of the leak is
available, repairing leaks in tunnel seals has thus far
required expensive injection processeé over a large area,
which in spite of the great expense are often unsuccessful, in

25 such a way that a large number of tunnels remain leaky despite
repairs and permanently generate considerably increased
maintenance costs. Thus, in its annual report for 2004, the
Swiss Federal Laboratories for Materials Testing and Research
(EMPA) reported on the results of a joint research project

30 with the Swiss Federal Roads Office (FEDRO); in which a total
of 63 Swiss tunnels were tested for the effectiveness of the

sealing .systems thereof. Subsequently, even after repairs to



- 7°- the established | eaks by injection processes, 13 tunnels were "still
classified as | eaky, of which only 10 were tunnels containing conpressed
wat er. Agai nst the background of these disappointing results and in view of
the i Mmense costs of the 5(often unsuccessful) repairs and nai nt enance of

| eaky ttimmedstat hissitepardaleonsgt uderk ot 1dh the ddgan, appealnta da,aner yt hing
possi bl e to make tunnel seals tight fromthe start. However, this aimcan

onl'y beShtht e%EP ¥ 1% Ffualgayy ofot e iosedtly dftl s funiparti cul ar the
ti ght nessnihes 80f  cGAN- D& destad durg ;ufg%ﬂy%daa%méo@g@ Aldgr the

i ndi vi dual phases of constructing the di ng, e can be establ i shed
syst enadi s@bpylivi enastiadd e, t objrettinver insasut it rieswdrisy esttabldshad danmage
can_be |ocated in a sinple manner, and 15 defects or ak points in the
rest’ of ' The huitei e s ?%%m/rﬁe@r?]tfasn P 1" 1D i Joeat‘%é Sur al
seal , stigd BSpdie G EHeILONEIEt it Wi kEWSE sysStemat&aldy et ect ed
and elimnated by suitable processes before damage to the seal occurs as
furt herPUAPrEgES 20 ™t dBjE&! create Hrasertr 9t iOTR4% to provide a
met hod for checking the tightness of nenbrane-type, electrically
nonconductive or only poorly conductive structural seals which nmakes it
possi bl Eoweveheckh tshen in gltmessl yover adiel emd rief 25 ssunfalce: ofofseales of Ejhi s
i S .uncovered on

: Kg%hp:osree:ae%ﬁec%é th%o‘%feriv}giegcfgﬁriiéu gaolis/gt?’leedl%eq tol}r:le aseis Oegoteﬁfg;ﬁarbrbei s entirely
enbeddegk i hag cassidy yedrsdhe diwd dmg sddiciine: che desivedaet hod is
intended to make it possible to check the tightness
phases of constructing the building, damage can be established
systematiéally via stable, objective measuring results,
established damage can be located in a simple manner, and
15 defects or weak points in the rest of the building work which
cén be lead to damage to the structural seal, such as
incomplete concreting, are likewise systematically detected
and eliminated by suitable pfocesses before damage to the seal
occurs as further damage.
20
The object of the present invention is to provide a method for
checking the tightness of membrane-type, electrically non-
conductive or only poorly conductive structural seals which
makes it possible to check the tightness over the entire
25 surface of seals of this type, ‘irrespective of whether the
seal lies on a support or is uncovered on the upper and/or
lower side, is covered with a reinforcement or is entirely
embedded inaccessibly in the building structure. The desired
method is intended to make it possible to check the tightness
30 even when the seal to be tested is not yet covered with a wet
material or in contact with water. In particular, the desired

method i1s intended to make it possible to localise or



30 eéven when the seal to be tested is not yet covered with a wet nateri al

or in contact with water. In particulgr- the desired nethod is intended to
make it possible to localise or 8 preferably |ocate any danaged points in
the seal to be tested. The object of the invention is also to provide a
menbr ape<tfppebdtyr lotatal asgablamhipeld psiptevidedhw thad torbespenteng test
devi ce which.makes it possible to carry out the desired Snethod. This

obj ect 'S 2EREEVedtby 5 ﬁﬁ?ﬁB&lﬁﬁv?ﬁga¥ﬁ8 fBaPuPEL 96t 2cPalhF I &RHYRS

struct yralicseak1ha¥hnguwhhenf eat presiabdckakm 46c01Q-Tpenaehhodegecording to
the invention serves to detect damaged or faulty points, in particular weak
poi nt s dRaVCRgValEBdUeEESnatePPras 1PAECkReSSTIFN aukeitbeadesiype, electrically
nongondugtiye or only poorly conductive structural seal which has a high

el ectrical disruptive strength in conparison to air. 15The structural seal
is provided with a (first) electrically conductive |ayer, which is arranged

i nside or. outside the structural seal _an xt ends over. substantially the
et ro BT abaetE LhoaShibut By aolrc ARl BruiRg Y re2theeat ron Lo
‘detect tihemafionanent senedrdamagedalf auktiygandtorweakepobnt 81220 asfurther

el ectrically conductive layer is used, which is electrically separated from
the aforenentioned electrically conductive |ayer by the structural seal and

al 59 eﬁﬁ@ﬁﬁ%tﬂ%éra588?8§ﬂ i%b'%h%hﬁngghk&?RSE%Eégé of, hhes F;Hgégééé seal .

An el ectrical test voltage is appliedto e two electrica onductive
| ayer s,ort lfeudtiyepgtihtef sai davolitagerbeeny seliectsedavinguehradwaydt hat if

th [ t .l . | ectricall - duct i d d, fault d/
wpak pORETIA Lt R CREaCTul " BaICTERES "WEal CLoTA S CRE OV eBP T cal

di sruptdov@uetieagbh beipgpexeesdednandtancekectibiarapaskaor wakenbekpsg
formed at the 30l ocation of the damaged, faulty and/or weak point, the test

vol t agé Beidg edErEEtEdlt 61 6EUSANPeP trRAATA dBsEPOPRIVECReSP RbFtage at
Whi 6N 3.2lReLLk62h1PLeakdWN :36¢aMBANLEdnPY B8 rst) electrically

conductive layer, which is arranged inside or outside the
structural seal and.extends over substantially the entire
surface of the structural seal. According to the invention, to
detect the aforementioned damaged, faulty and/or weak points,

20 a further electrically conductive layer is used, which is
electrically separated from the aforementioned electrically
conductive layer by the structural seal and also extends over
substantially the entire surface of the structural seal. An
electrical'test voltage is applied to the two electrically

25 conductive layers, the strength of said voltage being selected
in such a way that if there is at least one electrically non-
conductive damaged, faulty and/or weak point in the structural
seal, this results in the electrical disruptive strength being
exceeded and an electric spark or arc being formed at the

30 location of the damaged, faulty and/or weak point, the test
voltage being selected to be smaller than a destructive test

voltage at which an electrical breakdown accompanied by the



9 formation of an electric spark or arc woul d occur in an undamaged and/ or
un- weakened structural seal corresponding to the structural seal to be
tested. 5 In the present context, the term"only poorly conductive" is
taken to nean a seal or sealing nmaterial having an electrical resistivity
gr eat effotthanidfl6fohm emecthect eparkower asubsbahdi attyrt he entire surface”
shoul d be 10 taken to nean that tge r el evant electricallgpconductive | ayer

ext endS$P4RMPESSt 2BFEP Tt HE "YGAFERE r BHFBRTBE 2L ha&S&tr e GRAPCBEAN Jof Opl ast i cs

mat eri akh.seaki,pguweh whikehtisptorbgrghecked for. ti ghtness. For exanple, an
edge region of the plastics material sealing web, for welding to an

adj acent plastics 15 material sealing web, may optionally al so be forned

wi thout _an, el ectricall Qnductiye el cgrdi L Loyention,
pre era8|§h§th85§ %98g@§65gfhéhér5%§%f ?Hggpgéggggsfgﬂé gFéP“se% or
pl asti eskeat evi akaseal saglwelh teabentestedrislentiviebyanoeéeedrwcth t he

conductive | ayers. 20 The nethod according to the invention does not

exhi bi £eFPRECAVSAUVEREEGES 6P 2Pne priodM &1 test net hods described at the
outset. It makes is possible to check the tightness of nenbrane-type,

el ectrically non-conductive or only poorly 25 conductive structural seals
over tRaeefieirme"stptrasabehansdplhivt ABEt cnRérreFBYARESSeahCRAdi R§ to be

e LS G BB e RSk RS o, e yuges el ysacg gt ol e
usi ng theecnethad aeeerdiorngrt ahktheurfvent regieveafwihh structural
seal or plastics material sealing web which is to be checked
for tightness. For example, an edge region of the plastics
material sealing web, for welding to an.adjacent plastics
15 material sealing web, may optionally also be formed without an
electrically conductive layer. According to the invention,
preferably at least 90 % of the area of the planar structural
seal or plastics méterial sealing web to be tested is entirely
covered with the conductive layers.
20
The method according to the invention does not exhibit the
disadvantages.of the prior art test methods described at the
outset. It makes is possible to check the tightness of
membrane-type, electrically non—condﬁctive or only poorly
25 conductive structural seals over the entire surface thereof
without the relevant seal having to be uncovered and without
the seal having to be under the influence of moisture or water
in the region to be tested. It is still possible to test the

seal using the method according to the invention even with

30 these constraints.



30t hese constraints. - 10 - Further, the method according to the invention
makes it possible to |ocalise spatially -any damaged points in the seal to
be tested. By way of conbination with permanently installed potentionetric
met hods, the seal can then further be nonitored 5 in a finished,

wat er - |[Foadéa it urimel redhstr actioor iniccor dheg ingeatpref ewked erbodi nent of

t he net hod . ﬁpordiqg_tg.the'in enaion, thg_test voltﬁge agpk’ed to.the

el ect r iPEATY *CodGuctiofe 155y P4 it 1ddl BCYeda"6966 RO RGSt T80 OFof SAh 10

el ect ritalpevaldsaget .aB yWhiagh oZn cek@ehbitian hrieakgewmaaesengannedaby cthe
formation of an electric spark or arc _would occur in_an undanaged and/or
un- wealtsrred tdamgdtidrarmesdgdse ot hes 56adi g0t 6 "eRe T8 tREEUPEl MSB8AI r6Che

tested.; | n this Hay, LR RS Ruhhesealskoybe tested, caused by
material 15 erosion or reduction in layer thickness, are reliably detected,

and neanwhile it is ensured that intact surface regions of the seal which

have a required target thickness are.not _disrupted the el ectric
o ad I e L e T an BeRPSaM e St R Moot e g o E st Rg i ¢ h
a fixedHeeshweltiage, thike teest Waltage appliiRer €as et Cetictdqusilly yor

increnental ly and/or testing is carried out in a plurality of test
i nt er val@dUdid e @ VISt dde SheieG SitnéreRSedti ACEFery Suldedsi ve test

i nggrvaly Jntiil. hhe JTcRigIum25 1k est Jwolhage Gennespandijngfo the intact seal
is reached. Using the disruptive voltages which are actually reached in
each caswonipanisd en thes fidsie tiondiodt iamgeilsk thétowsen rdi fofrerant wdarddge

profiles (for. exanple reduction in terial thickness ar .penetrating
Ieaks).oﬁ%uﬁn%? F@rﬁﬁgﬁnﬁgegoag ¢§ﬁfg%é&ﬁgﬁfgeﬁafnggfnuﬁﬁé Fgg% vol tage for

a particagd@sdergily afo tihee stsiuree ran pasli ¢ ae kestlessan datage, it may
occasionally take sonme tine before an ignition channel, via which _a spark
can t héffYoe WfiddcReriged, forhs &C2d FanmBFedssdicAy caused by material

15 erosion or reduction in layer thickness, are reliably
detected, and meanwhile it is ensured that intact surface
regions of the seal which have a required target thickness are

not disrupted by the electrical voltage.

20 In a further embodiment of the method, instead of working with
a fixed test voltage, the test voltage is increaséd
continuously or incrementally and/or testing is carried out in
a plurality of test intervals, the test voltége being
increased in every successive test interval until the minimum

25 test voltage corresponding to the intact seal is reached.
Using the disruptive voltages which are actually reached in
each case, it is then possible to distinguish between
different damage profiles (for example reduction in material
thickness or penetrating leaks). It may further be

30 advantageous to maintain the test voltage for a particular
length of time, since in particular for lesser damage, it may

occasionally take some time before an ignition channel, via



under the influence of the test voltage and the resulting electric field. 5
In a further enbodi nent of the nethod,1the seal to be tested is preferably
subdi vi ded into individual test portions, it being possible to achieve the
subdivision in that one or even both of the conductive |ayers are segnented
i n suchvha ahay Spatkitahstpessbbl@iEghapgbﬁ,af@@mSage todiemdigeddpalint est

portions 10 t he _seal e.tes ion b rtion IS expedlently
taklnguﬁﬁﬁéé%%ﬁ é&éﬁ nﬁﬁy ?h&%ee% 83ﬁ ﬁaeméﬁ EéﬁeﬁFsdﬂ $6"Forms a test
segnentaleldt raof ynther enbodi mrent of the method, to nake possible a 15
simpl e application, appropriate for building sites, of the test nethod
according to the invention, the conductive |ayers required for surface

testing and ftuf}%h%%alemwd%em%%d cAEeneeRskr uehed as a prgtoraed aul til ayer

sandmnch system made up of conductive layers and at |east one electrically
|nsulauwn@rzﬁeg@@ﬂwngubay@ndeﬁhen¢@nduduwvéuhéyéegtb@pmgl@@ﬁme@ted to the

seal in art %E51¥?r %he Egre %%rfac% |n 51%%'Eabk Janner, fo%eexanple
by gIU|ng,gI§n1na ing, “pac ing, coex ru5|on vapoUr ep05|t|on or coatlng

or COﬁbkﬁ&tmﬁnih@fcbh@&étﬁﬁthd@erbnathiSa@a&eteﬁhencamducblwey|ayets
preferably have urface 25 resistance of |l ess than 106 ohm and a

resi st it ty EPSPégietﬁgnaf@ YoRmYEmta&%f (Pt A8F1¥d &ﬁ@aé@SGSPQEﬁéﬂpﬁent of

t hegmetdrod raccrrdi RG He the tiedv erkiceBACRRSHeks ibh, appl ¥ BEpkhehest, vol tage
to one of 30 the electrically conductive layers via at |east two nutually

spat i altakiseparlaced 1sugplcy poivals thagasarihng cehe ngurednt eBeRs 8¢ so
corres N legt rical yalues, in particular the - 12 - electrica
voltagggﬁ'ur%nge§% elgcfpxcal br eakdown at a damaged, faulty and/or weak
poi nt, and determ ning the

In a further embodiment of the method, to make possible a

15 simple application, appropriate for building sites, of the
test method according to the invention, the conductive layers
required for surface testing and the seal to be tested are
constructed as a preformed multilayer sandwich system made up
of conductive layers and at least one electrically insulating

20 sealing layer, the conductive layers being connected to the
seal in part or over the entire surface in a suitable manner,
for example by gluing, laminating, backing, coextrusion,
vapour deposition or coating or combinations of these methods.
In this case, the conductive layers preferably have a surface

25 resistance of less than 10° ohm and a resistivity of less than

10° ohm cm.

A further advantageous embodiment of the method according to

the invention consists in applying the test voltage to one of
30 the electrically conductive layers via at least two mutually

spatially separated supply points, measuring the current flows

or corresponding electrical values, in particular the



| ocation of the damaged, faulty and/or weak point fromthe ratio of the
currents or corresponding electrical values, in 5 particular voltages. In
this way, the location of a danaged, faulty and/or weak point in the seal
can be determined relatively precisely, even if the seal to be tested is
not accdssithlieadr vonlktypgaccessiibbeannepartrit@ll hrehksogaser the el ectri cal

vol tage ratio i referably measured, usin ne or nore neasuring probes
whi ch SrE R dac e RY ey 2BOdRrot ey BTt CRE CBRGUTErIBol LB 5 Tndi rectly,
W t houti sz a@alovianifc teenaagskiged., Fhustpakes /bt Reski bbentoreempkget he
measuring probes in a sinple and 15 flexi bl e manner. The neasuring probes
can thus™he CfafdfosSedrrRtE SrnpPErRERARBAINENeSGERTACRRY VEREESE héD| ocati on

of a d%%%&%@ul%%”b%iﬁ%@@éqrIWe%KiBO%QQ,i@h%h§oééﬁhoﬁagfogtBQRQBEM,be
determ ned and | ocaliséed nore rapidly” However, the electrical "voltage
rati o damldlysenbdomeasakegoasicngnmeaSusieng 2@npbebdstwminchedr e coupl ed

directly.to.one of the conductive.l.ayers. A.further _ enbodi nent of the

et hod SEAce Sty Pt R tyeRt Fhn br Brass tniP &5 SFACER 31 1§ conduct i v

abut nentcdeayeblef orhen2y sirwetubak seabarfor exanpl e a danp foundation, in
particular a concrete layer which is still relatively danp or hardened, is

used as one of the electrically conductive layers. In this case, a second

or1gadditti enals eleetrieal by condugti veilayer ria%iBOti_spr@lﬁ%‘%gbl?nd an al ready
present electritally conductive 30 abutnént |ayer is used instead, nmaking a
cor r esperdivrgds aviltng PRecOst 8op6sBEBEEY 1RGr PERaRPl @hifdr agefl at roof, the

- 13 'ch.%%ﬁ%!%%ﬁxsggﬁ ﬁeﬁoﬁgr%kg %%rgg%ec%ﬁﬁu%%i%%e§8§%r§” electrically

conductive abutment layer. further vant ageous enbodi nent of the nethod
accor diinglitrech ltyhe wiinventi an geg veharacbenesedonn hat atkkeast t he

eIectricaILé1conuctiv$ Igﬁer arranged on _he accessiblg sidg of the
st ruct BPA1° 'Sedl Cs Cprovitded SwWi'th S8 TEFeEEFPESI 1Y foficBRdbct Ve | ayer,

preter alakidilel ghtneel oghedmnealsaetihigClrbes can thus be transposed
in a simple manner, in such a way that the location of a
damaged, faulty and/or weak point in the seal can optionally
be determined and localised more rapidly. However, the
electrical voltage ratio can also be measured using measuring
20 probes which are coupled directly to one of the conductive

layers.

A further embodiment of the method according to the invention
provides that an electrically conductive abutment layer of the
25 structural seal, for example a damp foundation, in particular
a concrete layer which is still relatively damp or hardened,
is used as one of the electrically conductive iayers. In this
case, a second or additional electrically conductive léyer is
not produced, and an alreédy present electrically conductive
30 abutment layer is used instead, making a corresponding saving

in costs possible. For example, for a flat roof, the



insulating plastics material film This electrically non- 10 conductive
| ayer protects against electric shoeks3z A |light-col oured configuration of
this layer has a favourable effect on the visual conditions for persons
working inside or in the region of the structural seal and further serves
for vi strlatdetedct i e fh mmﬂtc%tls&d@rmgiaszanl&emrsax asimpl e and rapid an
appl i catlleoCrL as_ qtsm bl e ocf convecntl an structural seal, it is
advant ageou‘s”f or the srf e lu"'reala’“u Shdustrially pref or med toget her
with the electrically conductive Iayers and the electrically insulating 20
| ayer (zfl astics material film as a sandw ch-type cor;rgosi te filmor

8¢ o

conposi Q%@%tqﬁo%&aﬁ?ﬁ@lﬁy%@ﬁ s FAGHG N9 tear ti cul ar

T the Mal i QU J@AYST S; 8@, Loextduded; trhltsflar@%tsqrseaig Jesult in faulty
points in the intermedi ate or enbedded el ectrically conductive |ayer, which

can pr et 258 alaly acmréildeftlé(ﬁ ilovesf afrandntged dmmé;g@d aezrm?/aﬂlbdealsml nts in
the structyral_.s M]i ter eteted T tect vveak points
% tLHebI y Iﬁ%vtl Si J] e eé} eclt%rl el VIlydbcondlSC aY clecq; lfe‘lLL}yt

in the possi uctive Ta
enbodi metdwft itvee Jma_,tehnd pana:fcﬁmhb*ig/ ta0 Jtnlmmmcamium,premecd:eﬁdahaly it is

tested usi el ectric 30 ca_paC| t.a isur enent whet the electrically
conductﬂ/seu%gaa gaﬂlraatsn & A4 dr]ETCJr%t s%gleﬂtélsqagg[yof“qnhe structural
sealy i sccirmm\@/era;eme pﬁr’Hﬂé’cecsSlHJaelQﬁs@@‘/éHtrlc 4 schethar jrhe
electrically conductive |layer arranged on the rear side of the structural

seal i sCHgrumas d“«ﬁé?flt%éfcé‘mqf? & fs Urttigc el a YRve Niemter diveraypdIst fdiantal  seal
di t | | dugt
accor '<f}9 f t eah‘anlv%ﬂ L_lOI'IS pSeJ:rS“ 3{] ‘?4 “gg% sé.d%o% QX Ucchtl ve

mat er i in suc at i srupti've strength
by corrpxaargzsmﬂ o tdhealsrtrddtumlprs@aaldeadldmﬂdrtaletreastexd&s\s deyr hawiueg an

el ectri vol t age. sour ce, et ecting damaged or ‘faulty points, in
partlcﬁeatr ek poi Cﬁ%‘ajfi FEHTTed materi al _

For as simple and rapid an application as possible of a
conventional structural seal, it is advantageous for the
structural seal to be industrially preformed together with the
electrically conductive layers and the electrically insulating

20 layer (plastics material film) as a sandwich-type composite
film or composite sealing web, for example by coextrusion or
backing. In particular if the various layers are coextruded,
this may sometimes result in faulty points in the intermediate
or embedded electrically conductive layer, which can prevent

25 reliable detection of faulty, damaged'and/or weak poiﬁts in
the structural seal which i1s later to be tested. To detect any
weak points in the possibly invisible electrically conductive
layer, a further embodiment of the method according to the
invention provides that it is tested using electrical

30 cabacitance measurement whether the electrically conductive
layer arranged at least on the accessible side of the

structural seal is formed over the entire surface and/or



10t hi ckness, in the structural seal. Further, the structural seal according
to the invention is provided with a (f4rst) electrically conductive |ayer,
which is arranged inside or outside the structural seal and extends over
substantially the entire surface of the structural seal. According to the
13 i nveheitdrr the §ﬂﬁ€éﬁﬂﬁéﬂl§eépnﬁ§cﬁﬁﬁﬁléémeﬁn@ﬁréng@ﬁtﬁértéﬁeéﬁﬁrcalIy

conductive Layer, whi.gheis el setil ¢al by fenacated hromthe alorenent i oned

(first) *electrical con ive layer e sfruc seal eéxt ends
over substantially the entire surface of the structural seal. The test

devi 0 f d ti th I I t est | t whi ch
can b Aol B8 £0 o REet PRELGr “doaP 24 A CRESLTBCEPi CAFI § BRBBCETve.

| ay®r s cohR is4eh o0& waycthatathe hestcvabhageveanaberipereagseduennti nuously
or in steps fromzero or a mninmumval ue greater than zero to an el ectrica
vol t ag&a2s théfel twhipéhai §1pedaéedtbycalpresaupPt drar §tarbBaRP B¥l ow a

di ST uptioye . 'sbag%l% \éfe!cchxaanlg' s%eaaeh § egkdownsacgoygpani ed by L he

Q
formati on o% an electric spark or arc would occur 1n an unganaged and/ or
unmeak@ne@lstmmetadaWOQeabe coumespoﬁdmngetecthegsdamagldabrséahlt@ be

tested, and is.30 h| 1Q¥ a_pre ﬁautlong anount _t.han tha% %H e

dlsrup?P&g gfréﬁgpﬁr an air pat O%SFPesponH?ng f%dPﬁgdtﬁl S of the

strouct whalckseals, in 15e-sEuntha&amreéeureduaﬂdeadvanéale@u&teﬂbmdlnents of
the structural seal accordingpto the invention are given in the dependent

cl ai s S&Ad EREFEIEwAg taEs PSRN, 1PnPEREE8FolE bl Ag,(*ERET) nvention is

expl ai ped qt? %%@Q%ekoq@h%khv@‘HQyE@fe&%@Eﬁ t9 drawhpes §Hgm@@go§everal
enbodi ments, in which: Fig. is a cross-section of "a tunnel conpr|5|ng a

struct@w&bl§@a¢h§c@@¢@pﬁgrﬁé ﬁﬁéllﬁvénﬁkéﬁpdanaver substantially the

entire surface of the structural seal. According to the

15 invention, the structural seal is provided with a further
electrically conductive layer, which is electrically separated
from the aforementioned (first) electrically conductive layer
by the structural seal and extends over substantially the
entire surface of the structural seal. The test device

20 comprises means for adjusting the level of the test voltage
which can be applied to the structural seal via the
electrically conductive layers, in such a way that the test
voltage can be increased continuously or in steps from zero or
a minimum value greater than zero to an electrical voltage

25 level which is reduced by a precautionary amount below a
disruptive voltage at which an electrical breakdown
accompanied by the formation of an electric spark or arc would
occur in an undamaged and/or unweakened structural seal
corresponding to the structural seal to be tested, and is

30 higher by a precautionary amount than that of the disruptive
strength of an air path corresponding to the thickness of the

structural seal.



10 Fig. 2 to 6 each show a section of various structural seals according to
the invention in an enlarged cross-sertional view 15 The roof arch of the
tunnel shown in Fig. 1 was covered with sprayed concrete 2 and st eel
reinforcenents inmmediately after conpletion of the excavation 1. A tunnel

of this type is conventionally advanced di scontinuously in axi al

sub- po%thﬂe The relnforc Spr.ay ed conc uter roof arch,

20 the i nner 388 75F whlch W?n08€§F€§ ﬁﬁ%ﬁdémprﬁcP%n ®seal 3: The

struct wteﬁucsﬂaiaw sie 1i Blcended rigd thr evienti npenetibat iaeR ofi vaat en amd noi sture
fromthe rock in the region of the outer roof arch 2. The structural seal 3
i s fol IR eFharmy B?dahh@nﬁ€ﬁlPU&PgaﬁéﬁCElﬁﬁd@nofI@oﬁ@ﬁete referred

to ber%d¥¥5ﬁﬁ125%%ea@nhgg%ﬁo%hqllex§q QE%dIQ% Q%%%e fr2@RCh QK 1 nner
shell 4 is concreted the structural seal 3 is checked for ti ghtness. For

this purgfesencet ke §ﬂﬁwemaﬁaﬁh§eah93Seg°gﬁdvﬁ@e@dwmen*a t ést wewihce 5 for
detecting any possibly existing danaged or faulty points. 30 - 16 -

di sruptive strength by conparison with air. Via two electrically conductive
| ayers 8,9.7,1 Wi eh cacesrdieng itm e ai rvenkiloroape ianihanged thyicrgragai nst

t he tmoE%g}er surfaceg ofhﬁhe seal 3 to be tested; or arranged with one
conduct’ PRrer 98N8 &P FheyilAgSRG4PRst 28R outer surface of the seal 3 and

onggconductive layer 7 or 6 being located inside the seal 3 to be tested,
or arranged with both conductive layers 6, 7 located inside the seal 3 to
be testBd- i’n tSubhcachayohat BRETEORdOEL Voe ibayess toctRrale sahays

mut ual |y A20H! ¢l heldnsenal %eqncggsggﬁg&' anally By (2l auer , of
non- conductive “seal ing material, nane hé “seal § or sealing web to be
t est ed,vizew.est voltage, potentially connected to or

15 The roof arch of the tunnel shown in Fig. 1 was covered with
sprayed concrete 2 and steel reinforcements immediately after
completion of the ekcavation 1. A tunnel of this type is
conventionally advanced discontinuously in axial sub-portions.
The reinforced sprayed concrete 2 forms an outer roof arch,

20 the inner surface of which is covered with a structural seal
3. The structural seal 3 is intended to prevent penetration of
water and moisture from the rock in the region of the outer
roof arch 2. The structural seal 3 is followed internally by
an inner roof arch 4 made of concrete, referred to hereinafter

25 as .an inner shell. Before the inner roof ‘arch or inner shell 4
is concreted, the structural seal 3 is checked for tightness.
For this purpose,. the structural seal 3 is provided with a
test device 5 for detecting any possibly existing damaged or
faulty points.

30
The structural seal 3 to be tested is a seal having a

material-conditioned high insulating resistance and a high



potentially free fromthe earth, is applied to the sealing surface to be
tested using a suitable voltage sowrae.8 in 15 such a way that at every
poi nt between the two conductive layers 6, 7 an electric field is generated
perpendi cular to the planar seal (sealing web) 3 to be tested. Dependi ng on
t he voliagepsouecetBengel, byhiempaylpenawebhstdnt Whe/ ovoal t er nati ng
electri¢c field.,Jo check the planar_Seal- 3 f 0..d e ccording to the
Tvent FarcoEhas 0 SOERESHLTRet B08ke he Zontnurivactanarse 6fS T har ged i th
vol t ageniventhen setestedngadsighng aqyithatthbetdosoupttveusfaeagtht i s not
exceeded at any_point in the seal 3 for an intact sealing web 3, but is

exceedéd®afepoi nt s°abewhfEhdandhed hadPPedutiet™ t ikS 26°nat el + &f t#¥ekness of

t hes seal bRg7Webi3gchangadtWahhovobt agerbyc608parhsoge¥M th Lhe ynRdamaged
state,' and/or where there are faulty points due to damage or manufacture
in thecsedhcBiveotawpich purpobeing X@CQRP@dF@ﬁtd@otﬁ%esaale%tt@ob@age of
at lea 0 I 1] L] t hi f | ana or
sealinggaég83 ¥g %grggé?gb%hgﬁfﬁg§ﬂegég§g ?§¥ a%g 85§|?agz §g%i§§mm occurs
at thesespdentse mbhath3can be teteetiediandutbcat edyi hhefrtbeas ways
accordingd;otthe %nventign.7lnwthif - 17 - m?¥ it.is Eoss; | e to check the
ti ght nESSBFEtRE St¥TttuPal 'seaf 318PYPeLBERETVE SeatFhyChedYintegral Iy
oves thepankike sunkaeectheneoiyapd detleyarnerdasngeoh@uthevseal 3 wit hout
water or noisture or a direct short circuit having to be 5 present at the

damage speitaty BRrEmbLUGh i PemelEt PP pBISi Bl Tt dedeteet WaankgePto the seal 3

rel i abkysusing,t besrethodaynder t besea¢opdibhRBS dhus, othe et hod
according to the 1nvention achi eves a considerably inproved state of

devel oprenttbyltpnmpacesdnon thet berphi oisaepplireli hg thepoesgibhe to carry
out 10 rel.iable qualjty testing of seals and.to determ ne_and | ocate
damage SP5TPRE g%a?% %ﬁgﬁe iHﬁﬁggaﬂdsPékﬁggFevﬁﬁ%ﬂg?,S?Hﬁgﬁe%deﬁ?ly of the
i nsg al lsathon pesi thee et khergepbist bBtlBenexheefRocasgdg¥envyi th a seal 3
whi ch hangs freely, and w thout watef or noisture being required for the
applicéﬁwéﬁs 6, 7 an electric field is generated perpendicular to
the planar seal (sealing web) 3 to be tested. Depending on the
voltage source 8 used, this may be a constant and/ér
alternating electric field. To check the planar seal 3 for
20 -damage, according to the invention, the test voltage between
the conductive layers 6, 7 charged with voltage is then
selected in such a way that the disruptive strength is not
exceeded at any point in the seal 3 for an intact sealing web
3, but is exceeded at points at which damage has reduced the
25 material tbickness of the sealing web 3 éharged with voltage
by comparison with the undamaged state,” and/or where there are
faulty points due to démage or manufacture in the seal 3, for
which purpose it is expedient to use a test voltage of at
least 1000 volts per millimetre thickness of the planar seal
30 or sealing web 3 to be tested, with the reéult that a voltage
| breakdown occurs at these points, which can be detected and

located in various ways according to the invention. In this



15 of the test nmethod. According to the invention, for performng the

met hod the | evel of the voltage applied via the conductive layers 6, 7 to
the planar seal 3 to be tested as well as the flow of current 70 fromthe
vol t age source 8 into the test arrangenent can be measured during the test
procesgiayl fLtt her poasé bddamigedhand/ ohef &dbhynpesnb$ ikhet herpkananlseal 3,

accordln% t% ther%gven%lon th% dlsru élve streT?th i s eXﬁeede at these
damaged “ENd oP °f &GPy 5o Rt § S UANEs §SRankgEYaF T eS8 ol Rfs ShadTEaused a 25

di rect ssht@hlceCitheticbfbahweantthricendughipvetbayBess6a173 andnhbhus there is
an el ectrical breakdown throu%h the planar seal 3 to be tested, resulting
in a sY3dER AirsERAPGETEuPreft FFSﬁFnéhBéFmééﬁcﬁhé pagleandacbPve | ayers 6,

7 vba thesaht. a{he%eweeaeggheelhhe geekoﬁektegeletskaelseegs§b&e bg tested
30 decreases and the charging current increases, which can be detected

accord@ﬁ@epé thaaiosy &t itoR ﬁﬁ@ﬁ]ﬁheeﬁea§&WedSpﬁegteeswenheﬁ thdemeasur enent
val ues .ol Lesbovoktade andi. 18.. nebacdl ng.suntent ol (ythere are damges

whi ch result I'n "a short circuit, havin OW resrstance by conparlson W th
t hat ohchhevemtacto&eabemgbnqtempabveunstbeecomduebewephamer536 7, this is

detected based on thg fgct t hat a consi der abl, higher 5 short - CIrCUIt
cur r ent®fPoe SPRal 1-Or *af BRdRmgEd  sBAKF I N8y §1P&% t8sfavelt 84 whi ch

i s1pot et a3ubf eiaent Jf ecsaispabk @b%@@aﬁgﬁndTBBSde%e§ﬁghE ghfcui t - based
damage profile can al so be established reliably using the nethod according

to thelpﬁ@éﬁteemageyteoﬁbﬁaeealﬁfla Br édBpéenirRddreésebyel ragaers 10
reached gﬁ%n%lgh%%t %'rﬁﬂékaﬁﬁéEﬁgh Bhs2E¢ oAl 8¢harge gyunrent sgecurring,

the seal 3715 to be classifie
tne extreme case even with a seal 3 which hangs freely, and

without water or moisture being required for the application

15 of the test method.

According to the invention, for performing the method the
level of the voltage applied wvia the conductive layers 6, 7 to
the planar seal 3 to be tested as well as the flow of current

20 from the voltage source 8 into the test arrangement can be
measured during the test process. If there are damaged and/cr
faulty points in the planar seal 3, according toc the invention
the disruptive strength is exceeded at these damaged and/or
faulty points, unless damage at these points has caused a

25 direct short circuit between the conductive layers 6, 7, and
thus there is an electrical breakdown through the planar seal
3 to be tested, resulting in a sudden discharge current
flowing between the two conductive layers 6, 7 via the arc.
This means that the test voltage at the seal 3 to be tested

30 decreases and the charging current increases, which can be
detected according to the invention from the measured

progression of the measurement values of test voltage and



in particular if the maxi rumtest voltage has already been applied over a

| ong period w thout any further disehasge effects. The el ectri cal

resi stance of the test object is 15 preferably determ ned fromthe quotient
of the voltage and current and used as a further quality criterion.

Accor digiig ngd ncheuirpeant-i 64, theeepeairat dghagke WHACH 8sgpar Knop &DNSKEIt
CIrPUIEﬁ%ﬁgnkhu%a%gsgsgaﬁbglrE%E%E%%%eQEyt@%mgggg%%g %Qt%okﬂ%tcé@ be
assignedin space if “thetest voltage i s suppfredvia at |east two

suf fi citgnat iy tauttualelay ispatiaaklry adepanated sopphytpeientiayersl@,(¢éf. Fig. 1),
which in the case of test portionzl of_ el ongate formpreferably.lie at the

two oppdditt & h&EtERtENdSaSE% RE 8§t TFGFt FBART AnGOorRe OFFGRE Yo 180FFent or

25 gor rgspandiing glectiireak vabyescnber rexanpl enbhaaglectkiagal ¥eht age at
the monent of the electrical breakdown, i.e. during the flow of the arc
currentatora gfowt e ssharetlteigec witt churdsemeti yetheuéddeishnta fokort sepréuit, are

measur h ly e, (in.such.a t the J.acation of _the spark
or shoﬁisghra%%t', %%%%éng tsﬁ(ésrtt %eﬁl%%gé:t ib\g%%gf thh.g %aﬁﬂaggglf)eoi%ﬁt , acgn be
- det er mirec ttakd ighed appriexiliyatisomof rchm tlee hodt rocofrdtimg ftloowseof current

or correspondi ng voltages, since this ratio broadly .- 19 - corresponds to
the rati'd ed%]ﬂﬁ‘e' |ystcz?%§é§s§f’ tl%e as@ﬁﬁlcg?tcﬁgfﬁp s?%f oMt ﬁ’é)%ltggaet i"8n of the
spank ofessh@rd waithewitt a Ishdrfte cGaseief carskeort oel e didudargedamage or a
- spark discharge due to damage, the voltage ratios can al so be neasured

di r ect ISETE9R 5 GGiFe 18T Nohe ko SEGddctiSvé A Bferd a6 siEicgh a5l t@taativel v

i ndi reqt] ¥, Wiithaut: 3 f93h\LaRi-G eRANREHOR @ Jljhe relseGliisaly mrasur enent
circuit, by one or nore capacitively coupled probes, for exanple fromthe
vi si bl exgildedofovtehre asdaing3 pet@ oAl wertmatitvelny drraddirt icosalhlayget he

appear a f ignition sparks or electric ar can al so .be detected

accor die%Cgfeethtst'hgn en\?e‘r?tcfcdfﬁcﬁy st ecting t fe gtf%gct reosﬁagﬁ)néﬂtelvct i'nt er f er ence
si gpal UMb 13s delestrG)n ot Geeedittg fquemitdhe iognithcoripare andel ectric
arc using a suitable detector (not shown) and/or 15 by detecting and

eval uatqHg $He AnidgghsSshdcor terhar QadildtSYorrtan@ ot eri al heati ng
effects proceeding fromthe eleectric arc at the damaged point in a suitable
manner, for exanple by suitable inage display nethods, and this al so

i nsof arAddvatditriye tdettdet ediviemtterdrer drivce psiigrialesd dtdy aronliitgetn amwdyrdr otcher nal

2 AL SR A I et s a0 s sa P e g oot the
Fopoexagimie: it aerasiReleShOWYpadd 1f the test voltage is supplied
via at least two sufficiently mutually spatially separated
supply points 9, 10 (cf. Fig. 1), which in the case of test
portions of elongate form preferably lie at the two opposite
narrow ends of the test portion, and the flows of current or
25 corresponding electrical values, for example the electrical
voltage at the moment of the electrical breakdown, i.e. during
the flow of the arc current or of the short-circuit current in
the case of a short circuit, are measured at each supply line,
in such a way that the location of the spark or short circuit,
30 and thus the location of the damaged point, can be determined

to a good apprcximation from the ratio of the flows of current

or corresponding voltages, since this ratio broadly



particular a thermal inaging canera, can be used for this purpose. 25
However, i.n the sinplest case the spatrk path is | ocated according to the
invention purely visually, either by detecting and |ocating the electric
arc while it is present or by detecting and |ocating the damage poi nt by
way of AHESIPOERENGEs teguLed ito ofhé i silbitansiede o6f thre sgpal y3rbynspar k

eros) on IS hBRACLERCE 0 phedh, QUi ng bhe sRackpg of, hter,khe
sparking or short-circuit curren Ras “Br oken down. - 20" - For £hrs
pur posef ia stamtbeiadvant ageous Bampgienbai A thergpaikchgrat the damaged

point or the short circuit until there.is clearly recogni sabl e thernal
ef f ect G 4%e &gﬁa§8&tﬁgﬁnf§t%QFnC§nf69?ﬁegeeW586P%§Ht of SCheYrnv8nti on, at

| east oe ofr the eandushigvetliayensyBrs? 6,S7i,nokhekerauetvaigonductive
nonwoven, woven or knitted fabric or another planar formation, the
necessamfidGrdder i VitPoBéi Ag SadNiPEvEd Y N&adil ARG EPechEi eARyré6Aduct i ve

particles andhenf Lhres iandior yarns 10.and/ gécwtri%lgocgngﬂ gherently
non- conduct i ve non-woven, woven or knitted F bric or plana Fornatlon,
and/ or Hnpkesat ifeg examppeedmatn g et We sitbBer eatiey ofomheondadt Bve non-woven,
woven or knitted fabric or planar formation with appropriate conductive
subst ances, and/or by vapour-depositing netal on the 15 inherently

none cordueiririae 1fenywoyen ddweemadr vk nichikedphalkbecer ofl agan thenmati on,
and/ or a non-woven, woven or knitted fabric or other planar formation is
used WHIFH "exRiFbPLE “tReé CnécESs &Ry EoRGueri FREYCFEF eaFPYPAGIoGP the test

met hod it?%e\ﬁitrito%eb?f deRe 436 of el %@Tercit%%hxla}ﬁn‘é?rﬂgu‘ihitéﬁfEirQE‘?:x% and/or
20yarns. In a furfher enbodi'ment of the nethod according to the invention
or the daviade décordi ng borshe)i pregeieddngt Heowl ébkr iigal téondapkirki ty of

the noQﬁM%ﬁ%%t?%%eg&%lu%&n%tge%uitable detector {(not shown) and/or

15 by detecting and evaluating the light and/or thermal radiation
and/or material heating effects proceeding from the electric
arc at the damaged point ‘in a suitable manner, for example by
suitable image display methods, and this also insofar that the
detected interference signals and/or light and/or thermal

20 radiation and/or material heating effects can also be used to
locate the spark and/or short circuit location and thus.the
position of the damage. For example, a camera (not shown), in
particular a thermal imaging camera, can be used for this
purpose. |

25 |
However, in the simplest case the spark path is located
according to the invention purely visually, either by
detecting and locating the electric arc while it is present of
by detecting and locating the damage point by way of the

30 changes caused to the visible side of the seal 3 by sbark
erosion and/or the effect of heat, during the sparking or

after the sparking or short-circuit current has broken down.



25 planar formation is achieved in that a highly hygroscopic substance is
applied to the substrate material of 2the-nonwoven material or planar
formation or worked ino the substrate material, in such a way that above a
particular air humdity, the substance dissociates at least in part in the
30 nnl§F&ré“ﬂék@#rﬁﬁsﬁygﬁés@@ﬁl@&IEﬁvéﬁ@aﬂﬁ@@ée§©amaﬂéﬁ@géntbeelectrlcal

conduCt i hncout kele bl L LBt KNG, vt e et hod aagording ta.the

i nventi non- eri al anar formation. In this
case, Uheahygeasdapm@cwgbsﬁawde rSepmeﬂeeémbytapplmed dambhedagueats phase.
In a further enbodi nent of the test device or arrangenent 5 according to
the invention, the mcrostructure of the surface, facing towards the seal 3

to be Uste¢quhe&h@m®@@1wngno&atﬂélahv@httheraﬂl@@@%tf@hgaBEOanS
produced in such a way that electrically conductive fibres, particles,

yarns g thivees apiegjSe@r  dutl Sofint kEesdPracef Anconehcaiwaynohat, when t he
10 test, uQlf age s apPhied het %g@lkhgrcgmﬁ%wslaﬁﬁ%r%‘fo@mazmnl gh tield

strength peaks occur in the portions projecting rn i's manner, wWith the
resul t thrateces sikgni cicomuet ieliggt Pedngr eshiisvpdobyt eddunder the appropriate

damage it n ur di_ment of..the structural seal or
t est afﬁ%ﬁgéﬁgﬁgﬁgccorg'C%lv %ﬁetﬁﬁgggtlon the éuﬁstra “fratéfi’al of the

nomowowmm/mat@nmab ab mm@namhh@enaUyonoﬁ cBn@Qﬁﬁh%bSnQE wofeAponernts whi ch
are consi derably nore heat-resistant than thernoplastic polyners,
pref er &3 ygitass febrds, ofePalfirbLfesmedignd/ éfldéanrbéﬁ FPBE&8YaRd/ or more

hi ghl'y m%%%g%%%h%baQ%ecQQQ%QQh%QyDQBBL%B%%uthQ%eﬁoﬂngégényaQB§ensBras to
prevent the surface of the non-woven material or the planar formation 6, 7

fron1néﬂﬁﬂﬁ@dpﬁ@ban@r@Hypd@n@mefpeqaonoofwuh@ ebectpird adec canduadheri ng or
burn'n%d@@%%n%es,vag%r%tlg% %%pou&eé%0051tlng metal on the

15 inherently non-conductive non-woven, woven or knitted fabric
or planar formation, and/or a non-woven, woven or knitted
fabric or other planar formation is used which exhibits the
necessary conductivity for carrying out the test method by
virtue of the use of electrically conductive fibres and/or

20 yarns.

In a further embodiment of the method according to the
invention or the device according to the invention, the
electrical conductivity of the non-woven material or other

25 planar formation is achieved in that a highly hygroscopic
substance is applied to the substrate material of the non-
woven material or planar formation or worked into the
substrate material, in such a way that above a particular air
humidity, the substance dissociates at least in part in the

30 moisture taken up hygroscopically and induces an ionogenic
electrical conductivity, sufficient for carrying out the

method according to the invention, in the non-woven materizl



25 the heat devel oped during the electrical arcing. This prevents the arc
from bei ng extingui shed prematurely; Zand-al so from not being able to be
ignited again at this point, without the thermally induced visible materi al
change required for visual detection or sufficient material heating for

t her nographieea30 fgerestron bei hhipr edscedthe hherdamagéd pobatance 22 - |n

a further %g§%%%%§”Fa%LHEQ% ggt@gg gég?%g%ngPhgeghe i nvention, one or even

bot h of "t ke “conduct’i Ve ayer s ‘whi ch t € Seal 3 to be tested are
part of the building construction, for exanple the abutnment of the seal 3
(for 5 _examl e the o%%ﬁg,roof arch 2 in Fi and/or a constructional

.1
cover df ?h§u§ééﬁr3? R&Pé 8fc6H§i&§F5b8§Vﬁ%8h8F 8réererEant

congucticviot-¥insUkli ehenti nfehtganryicRg autrbhBertestraethodnet Banrhhe, seal ing
material, in such a way that the use of one or even both of the conductive
| ayer s f8Cipg1Govaresr &06d Seala 3s&RdRPcheEffE nAfnERei APB tR&8eal 3 can be

di spensed aibh 1o GaLEYLIRQul cblinatesh KR! BofaubBqd; huGLREr ;enpodi ment of

t he structural seal or test arrangenent accorading to e I nvention, at
| east anetoklekherisaddydeohidvethiaperrsbes? psrhotlgei dedrop todthe edge of
the Se%ir%b %%%j%%kyoh%ro%n%H%hsE%%aEg? E%”%EQhanwEQU%hE@? when the
10 test voltage is applied between the conductive layers 6, 7,
high field strength peaks occur in the portions projecting in
this manner, with the result that the ignitibn of electric

arcs is promoted under the appropriate damage conditions.

15 In a further embodiment of the structural seal or test
arrangement according to the invention, the substrate material
of the non-woven material or‘planar formation 6, 7 consists of
components which are considerably more heat-resistant than

thermoplastic polymers, preferably glass fibres, metal fibres

20 and/or carbon fibres and/or more highly heat-resistant
conductive particles, fibres and/or yarns, so as to prevent
the surface of the non-woven material or the planar formation
6, 7 from melting prematurely in the region of the electric
arc and adhering or burning away or evaporating as a result of

25 the heat developed during the electrical arcing. This prevents
the arc from being extinguished prematurely, and also from not
being able to be ignited again at this point, without the
thermally induced visible material change required for visual
detection or sufficient material heating for thermographic

30 detection being produced at the damaged point.



di sruptive strength of the air gap between the two | ayers charged with test
voltage to be greater than the test- vagl tage used for tightness testing (cf.
Fig. 2 and 3). 20 In a further enbodi nent of the structural .seal or test
arrangenment according to the invention, at |east one of the conductive

| ayer s I8, a7 fugtaerangeddinshtieofhehsemkeihgdwebc8rdihostiontkeenal conductive
| ayer 6 beng %nalker QVSL%klthﬁn %Stkgecgg Liggvme 3érgn ﬁ“gﬂ a way that
t he conductive Va?e? RS cbine ePy encl ose By eFec?VlcaIVyllnsulating
seal i ngemateri &heakethesl esgbtudeBakdskhdespattt bE wab Bndiaisyfficiently
hi gh di sruptive strength is achieved at the |ongitudi nal edges of the

seal i NGRS THy tdGRparPEoR*®Phet RES3BPEERBAE ebnBliet PFaLl dyefo¥ for

cargyi g guh ot heet sk Methed Gebn Bl 9n 2Yg. 1)23na/be a further embodi ment
of the structural seal or test . arrangenent according to the invention,

t he conductiirvetiaped 6ovehi ofi Fsecapeahgéd andt heveoekcshndéderabhyt he seal
underside.after the. I g we s lalde is in _the f of a 5
conduckﬂgggrn%%?ﬁg6é§g?a6§%g§g?%gggghdgg?féglﬁ%h-&Bgeﬁa?égpﬁg %gghg gui ded
on a | angi tteditnaktdibde ohathehseakbhgnwehaderthaad,| angebyhf kughymahaer up to

t he ed of the seal 3, but being set back fromthe edge of the web in the
it h R e b neraras 5ne TE BREheTotha: CPBHOE HaEn iR Er el Tt he seal i ne

webp 3 40+10 he eshed, shRggyeR-aywaynbhat rt hetpoRrnhwoven  f abehg Beed not be
removed fromthe wel ding zone in an expensive manner before welding to the
adj acenlt spealsiedg WwiEb ZofctarFygna3put| fha tapthartéaboedi nent of the
structural seal or test 15 arrangenent according to the invention, this
freely positioned wel ding edge 11, which is not covered with electrically
conductimve mamthweveenbabiimené, oZ, tok sheuseakehgseeld 3ri seprovi ded with an
easily renovabl e el ectrical I%y%%e6%hv71 whi ch is ele%tricalkyt%%nnected to

the coRdEErINESRENARGPERITT ¢ ention, at least oné o

15 conductive layers 6, 7 is not guided up to the edge of the
seal 3, but only far enough for the length and thus the
disruptive strength of the air gap between the two layers
charged with test voltage to be greater than the teét voltage
used for tightness testing (cf. Fig. 2 and 3).

20
In a further embodiment of the structural seal or test
arrangement according to the invention, at least one of the
conductive layers 6, 7 is arranged inside the sealing web 3,
this internal conductive layer 6 being smaller overall than

25 the sealing web 3, in such a way that the conductive layer 6
is completely enclosed by electrically insulating sealing
material at the longitudinal sides of the web and a
sufficiently high disruptive strength is achieved at the
longitudinal edges of the sealing web by comparison with the

30 second conductive layer 7 for carrying out the test method



20fabric 6, 7 in a suitable manner (cf. Fig. 3 and 4). This provides that
the sealing web 3 to be tested can beytested over the entire wi dth thereof
usi ng the nmethod according to the invention before being welded to an

adj acent sealing web 3, w thout the conductive |ayer 6, 7 having to be

r enovedif raomuds hiclre ewlodii i@ rnzong thel B tahc@XRENSisw IMyeksaf ter testing
and before wel ding. The conductive |ayer 61, 71 arranged in the region 11
of what?§'SN%Entt 6K TCREMEIMItRG ZoWe kPt hid cadradvafdoss|lyp veansi st of.
an el eqd rigaldry sconduehiee el frradhesihve il m,0r an el %(étagl ¢aldey sG@Rduct i ve
sel f -adhesi ve non- 30 woven fabric or an electrically conductive w peabl e
or washdblsx ddat ismgl or 24alily avefoust Her lerdbodiimentn ahet Herst mifctural seal

or test_ar nent _accordi tQ the invention, the conductive |layer 6, 7
cangal§3)cg&g%§§?§83 ﬁﬁvfﬁnggﬁPéﬁ %Petﬁgnﬁgf&ﬁﬁg PG PY Sh T8BEH Ca way

t hat t heingnowivied babei & cagriangedaan stikie oegarhd Sieda iely Whe sealh ks
applieq1oven the entire width of the sealing web 3 to be tested, but has
only a 10WEensilPFe pBARATSEr §RgtHY (ORp&FEE ©5 the $€alli iy W BeilRdt he

regi on Lfe theweh@ingnzoreghl of RrgUGRLA WY Hkhat ety ¢an e rerpved in the
regi on of the welding.zone after the tightness testing and 10 before the
wel di nggoN tiHoeh §heartégpersadisndicadr sdblsegdentley sse linguglt Sutoof the

wel di ng zqne (11 by being fol ded . qr . cyt back. f ol di ng of the conductive
Iaygrsquangt #/ ¥£s§§c?i€ek%§ Fgéghg%ﬁ %§%aV}§%€ %ﬁ ﬁf%.ngédlgoﬁng?a
furt herreenbedi dept ohet ke lstingctzonal iseah ekpkest var mangerenk faceor ding to

the inventj.on, the conductivity of .at |east one of .the _conductive |ayers 6,
7, preﬁggalpf Fﬁe%ESnaﬁéFF55tlgfgﬁl?gaWanéedC%nsﬁag'tﬁé'seal 3 to be

tested or arranged on the accessible, visible side of the seal 3, is set

In a further embodiment of the structural seal or test

15 arrangement according to the invention, this freely positioned
welding edge 11, which is not covered with electrically
conductive non-woven fabric 6, 7, of the sealing web 3 is
provided with an easily removable electrical layer 61, 71

~which is electrically connected to the conductive non-woven

20 fabric 6, 7 in a suitable manner (cf. Fig. 3 and 4). This
provides that the sealing web 3 to be tested can be tested
over the entire width thereof using the method according to
the invention before being welded to an adjacent sealing web
3, without the conduétive layer 6, 7 having to be removed from

25 the welding zone 11 in an expensive manner after testing and
before welding. The conductive layer 61, 71 arranged in the
region 11 of what is later to be the welding zone may thus
advantagecusly consist of an electrically conductive self-
adhesive film or an electrically conductive self—adhesivé non-

30 woven fabric or an electrically conductive wipeable or

washable coating.



20 in such a way that even when the maxi mum possi bl e test voltage and ful

el ectrical charge are applied to the sgal in the case of a short circuit

bet ween the conductive |layers 6, 7, the naxi mum possible short-circuit or

di scharge current through the conductive |layer 7 which thus determ nes the
i nt er ndln & Zmntésirs taboel iofentthe fctarged reedlurd li sesuf bircicestl y i mited that
thereié%gy%risk to the testtde ice 5 itself or health and .safety risk

i rrespéctivid SBF At AMTEE POt FEhEIYERT P0r eit§f GOPELCEISE padite come
into cantactcan tah ser benpadvieled Ginnithye ofeqtibe sgakhwhiehdisqundet the test
vol tage. For this purpose, 30 this conductive |layer 7 or both conductive

| ayer s 16 SESHr &f ¥fabIty afraFé ca neir-ayery dsostignesrgneaternt s r@4rohm and a

reskstiMidy 3 eaterlsthan ;183 ghmcm, rtl r..a.prefecred - 25 -
enbodiﬁ%nt of the gﬁructﬁra%péegp acgg?&ﬁﬁggkgg%%ewﬁ%&@n?&o%%%rovides t hat
an el ecterildaldl yelo- condhec thiese e, | tmuar hpisot@dtyi we loay eent2 lies banranged on

the visinbl ide of the internal cqnductive_layer 7 and.is preferably of a
i ght SCL%Iegl&ft.h Icr?mgafrﬁ(r%t fer "SroSdimente & Y’t Re lét FiEt GFEIC8eRC 6Pt est

ar r angewgnli nac eendi Ng ,t ant B&chnwemntayonhaat ilkeash ove refiot/b@ Aecessary
electrically canductive layers 6, 7 is in the form 10 of a netal filmor
met al | i"€8d 9P &4t i6§ Wﬁﬁ@ﬁPQPZPPPnFSFeétHQF re@lFPRESofFefELapl p8Ed pl anar

forpatireForal theask1oneqsukiaesulelR8 8l eGhehcal | ¥nRorygonductive.
Preferably, a plastics material fil'mis used which is netallised or is nmade
conductsivbe elsp caddivn§ ec brdugthity iony- iodc téas wrd dsnbstaneed lobyi elbgconducti ve

s arr angel o Rt BAF TS A e U H B BB ey S Rar SHRESeFehRi cal |y
non- conduetisye csiigde 1iyheti@okhiosml Bgakedoar tihersydesfaci ng away fromthe
seal 3, in :
15 1In a further embodiment of the structural seal or test
arrangement according to the invention, the conductivity of at
~least one of the conductive layers 6, 7, preferably the
conductive layer 7 arranged iﬁside the seal 3 to.be tested or
arranged on the accessible, visible side of the seal 3, is set
20 in such a way that even when the maximum possible test voltage
and full electrical charge are applied to the seal in the case
of a short circuit between the conductive layers 6, 7, the
maximum possible short-circuit or diéchérge current through
the conductive layer 7 which thus determines the internal
25 resistance of the charged seal 3 is sufficiently limited that
there is no risk to the test device 5 itself or health and
~safety risk, irrespective of at what point in the seal foréeign
objects or people come into contact with or into the vicinity
of the seal which is under the test voltage. For this purpose,
30 this conductive layer 7 or both conductive layers 6, 7
preferably have a surface resistance greater than 10* ohm and a

resistivity greater than 10° ohm cm. In particular, a preferred



such a way that upon contacting the surface of the seal 3 20 equipped in
this manner there is no electrical coptact with the test voltage as |ong as
t he edges of the conductive layer 7 are cleanly insulated at the edges of
the test portion and the non-conductive rear side of the conductive |ayer 7

i's not edmagetent fof hehel ectudoatalr esdst aneid npasdiraet befowean dhe 25
conductive Jayer 7 formed in this manner and a steel reinforcenent, for
exanpl L TATRl thdinet” shiet ¢t 4L ca el st eondne tharfufdture of the seal 3,

then acgasding +0 theed nventd on.dd, £an he ©st abldished whet her g%e has

reinforcenent |ies against the seal” 3 in such a way that the se

al r eadyl bexn3D dandigeldi oh tdweuphendiide,pra izgiab i thowt haphitng been

pi erced, {f being possible to Iocalise the position of the damage in the
manner described above by neasuring the line currents or . - 26 - the

resi stance ratios or the voltage rati os when neasuring using at |east two
spaced qu:% | ines or (;aq&, | east twq spaced neasuring points in ane of the

conduct TVe* | By, o iPedife it S SHAC T HS I isg@ psittt < still be

det ect el advyahd i Nt @dk Bi hefQy 6 1eoNGrRLiNG | i fdyrdiher, enpodiyent of the
structural seal or test arrangenment according to the invention, one of the

conduct?$°$ et LI ordrld s eaud e diajisdlsy eonhdet dd ttdet Horseal 3 10
t t est e £ i - t_.J.eas | angi.t.udi nal .side of the
Oll@_e &h §qne‘éﬂ ﬁolrftg%:rt eetalla%lesreoori)laasc}!elg%uéna&%q:tlﬁq gﬂldln% R eoot?‘ier

sealing web 3 to be tested not bel ng gui e en but
i nst eadndyed nlgl @tom mesief If ] icd eghtp Idirstrancerntaiereef,r am 1@ dthaind tsursgpassi bl e

to weld the sealin .é/\aﬁg]i 3 to the neighbourjn “V‘-\’le%f?’ W thout the 15
conductiVe'Y ayer el%te yndq?rhtcooqcﬂbcr]qb‘iem A ZETEPLY  15n B FUriter
enbodi mendeofal hei 15t riuctusal waeadh ors testal 1ardeangamant eeording to the
i nvention, at |east one of the conductive layers 6, 7 is forned so as to
ext end q&qupq%ﬁg by adding conductivity-increasing substances or is
15 conductive owing to the use of intrinsically conductive
plastics materials, and which is arranged on the seal 3 to be
tested in such a way that the electrically non-conductive side
"thereof is located on the side facing away from the seal 3, in
such a way that upon contacting the surface of the seal 3
20 equipped in this manner there is no electrical contact with
the test voltage as long as the edges of the conductive layer
7 are cleanly insulated at the edges of the test portion and
the non-conductive rear side of the conductive layer 7 is not
damaged. If the electrical resistance is measured between the
25 conductive layer 7 formed in this manner and a steel
reinforcement, for example'a tunnel inner shell 4, laid after
the'manufacture of the seal 3, then according to the invention
it can be established whether the reinforcement lies against
the seal 3 in such a way that the seal has already been
30 damaged on the upper side, albeit without having been pierced,
it being possible to localise the position of the damage in

the manner described above by measuring the line currents or



20 edge of the webs which are to be connected and thus into the joining
zone, remaining in the joining zone Xlsduring the connection process and

m xi ng during the joining process with the material of the seal 3, which is
pl asticised by the joining, in such a way that the conductivity of the

| ayer @he7 r25iissanpeerrnuptedornthkevpditagrgrregbeonwhen actantheg enbodi ment

f the structural | t est 1t _according to the i tion, at
east o Cordudfrve FajerPECes FeOPAYL RA™FOr Fof fa FeRbvabPe PRFfit ype 30

layer eprdheisgabo3nte be tested, the suehuatWey thakrkhe,l ayeincancat |east
be partially renoved fromthe seal 3 again, if this is necessary for

j 0i Ni NG i"di FhdGalt hseal ShigPRebs San St27l. bpndgtegreRernenbodiiBAEeSf t he
met bod aceording tethe invention, the above-described conductive |ayer is
al so used to check, during the concreting process, whether the annular 5
space to be concreted when concreting a tunnel inner shell, for exanple, is
conpl etely L%&E%%rwg oncrete or mhg%her tggge are %kagg%d regions in

t
whi ch tHe % JAEEl seapgﬁ b BFegggd uﬁBFS &cted=ont 57t K& rei nf or cement of

t he i nngtrasheldentparcouhbsaeguent theadnrgnwiibh, conpr essetewabanuckaret his 10
pur pose, accondingypo the invention theﬁilectrical capaci tance of _one or

both coRdF&si vé IFAFEFE, Sehifch TRuSE Kdf 1Have CRRYCEIFEE: FPcdMCcSAftact with the

stiget ye f dhe bl kdingoanulhe veongretesad, 1kg sweasdred during or after
concreting against the concrete used, "and the neasured val ues are conpared

wi th alisdigngénavalsieeoriatbomparilson wabué. thrpketenttati ortopeappl i cation
of ‘the Javention s aat Lestriled to, tunnels. RaLher, Jihe method according
to the A nvention or structural "seal’ according to the-~invention may
sufficient distance therefrom, so that it is possible to weld
the seéling web 3 to the neighbouring web 3 without ‘the

15 conductive layer extending into the joining zone 11.

In a further embodiment of the structural seal or test
- arrangement according to the invention, at least one of the

conductive layers 6, 7 1s formed so as to extend up to the

20 edge of the webs which are to be connected and thus into the
joining zone, remaining in the joining zone 11 during the
connection process and mixing during the joining process with
the material of the seal 3, which is plasticised by the
joining, in such a way that thé conductivity of the layexr 6, 7

25 is interrupted in the joining region.

In a further embodiment of the structural seal or test
arrangement according to the invention, at least one
conductive layer 6, 7 is in the form of a removable film-type
30 layer on the seal 3 to be tested, in such a way that the layer
can at least be partially removed from the seal 3 again, if

this is necessary for joining individual sealing webs 3.



20 al so advant ageously be applied when checking the tightness of seals for
landfills, liquid reservoirs and/or- roofs, in particular flat roofs. - 28
- Clainms 1. A nethod for detecting danaged or faulty points, in particular
weak points having a reduced material thickness in 5 a nmenbrane-type,

el ectrically non-conductive or only poorly conductive structural seal (3)

which has a high electrical disruptive strength by conparison with air and
i s provitdéd fWFtRcansBPeELPFREI PY EBRJUEENOE FageFdtBy, CQnFLR is arranged

insideig&eagaghqetﬁeeagb&acaagaki@@alceﬁauae@v@X1§29§ o¥er149 sybgtantially
the entire surface of the structural seal and to ich an electrical test

vol t agéoi shappli edrichachet ephssdtingt papcessdeveethehethforeRBh&Foned
danmage faulty, ar _ ~paints, a_f het _el ectri I d ive layer (7)
L] g?aﬁﬁi LLYL8r MEBK.ROLNL B LHELDEE 61 BCLLL AR | ¥, GODAURLY ¥

i s use I's électrical 'y separa orenent i one
15el ectftvircakbyptendiest cweplayeity( 6} 1bydt heétkst roctueak seakhéB8heand ext ends

over substantially the entire surface of the structural seal g3 , the | evel
of the *&SE 96Ftaéélbéﬁ SRILRBSefBcYPRERI F)ecoRBUEEi §821 aljer %%, 7)

char geg rwistkBqvahbageesbetngosehbeehedriAnsyeBeAc @Y okhahel nhber enexists at
| east %g%n subsequent loading with compressed water. For this
10 purpose, according to the invention the electrical capacitance
of one or both conductive layers, which must not have any
electrical contact with the structure of the building or the
concrete used, 1is measured during or after concreting against

the concrete used, and the measured values are compared with a

15 target value or a comparison value.

Implementation or application of the invention is not
restricted to tunnels. Rather, the method according to the
invention or structural seal according to the invention may

20 also advantageously be applied when checking the tightness of
éeals for landfills, liquid reservoirs and/or roofs, in

particular flat roofs.



20 electrically non-conductive or only poorly conductive damaged, faulty
and/or weak point in the structural_sgal (3), this results in the

el ectrical disruptive strength being exceeded and an electric spark or arc
being forned at the l|ocation of the danaged, faulty and/or weak point, the
test velikage being 25 selected to be smaller than a destructive test

vol tage at which an electrical breakdown acconpani'ed by the formation of an
el ectric spark or arc would occur in an undamaged and/ or un-weakened

structyral aeﬁgtﬁear%époagkegtaﬂgt?ﬁmﬁggacgyregu§9g:gg§%tg9 bg tested. 30

- 29 - or a mninumval ue greate an“zero to an ctrical voltage which
i s redveedibylarpree&upponasyhanbupt abekdwcaddestrudctiivehiokhage at which

an glectrical bre Kdomm ﬁccgnga%g q bé t he Eorgation of _an eLecﬁric spar k
or arcwibaf'd 6ccur YPR’ah~5“thda géd“ AdfFEP tUhT weé8k8hed st'r HEPOradl seal
correspondiuagitve theustuwaiusakiseal (B)ichonbe hested. e3ecthecaet hod
according to either claiml or claim2, . characterised in that the
struct@ﬂéFugééVe(gfrFBQEé P¥sfrefrpsisent WathBdain énﬁlﬁﬁaPFPVlSthest

intervaglisy hthectest ryehiage -Baungtipereased i) eveny cpUGcesShYREQST
interval until an electrical voltage is reached which is reduceg-by a

pr ecautingadey oanoutis 1Bel 6Weasdesctuspilvecpest3vorndgexaendli eHean
el ggt ri.cal. hreakdoyn agogmpanied, by the tormmt Lon of 20,15 ehegtri ¢ spark
or ~arc woul d"6c€ur i i an unéanage and/ or unweakéned structiral sea
corr espaidhngnt eleherstrlctasal vedakge3) st epbeéitdst elardctélne spdt had
accord%%%tt%oagétgg% %Eecg%gggm%n go%éd damaged, faulty of weak
points, a further electrically condpctive layer (7) is used,
which is electrically separated from the aforementioned
15 electrically conductive layer (6) by the structural seal (3)
and extends over substantially the entire surface of the
structural seal (3), the level of the test voltage between the
electrically conductive layers (6, 7) charged with voltage
being selected in such a way that if there exists at least one
20 electrically non-conductive or only poorly conductive damaged,
faulty and/or weak point in the structural seal (3), this
results in the electrical disruptive strength being exceeded
and an electric spark or arc being formed at the location of
the daﬁaged, faulty and/or weak point, the test voltage being
25 selected to be smaller than a destructive test voltage at
which an electrical breakdown accompanied by the formation of
an electric spark or arc would occur in an undamaged and/or
un-weakened structural seal corresponding to the structural
seal (3) to be tested.
30
2. The method according to claim 1, characterised in that the

test voltage is increased continuously or in steps from zero



20 characterised in that the test voltage applied to the electrically
conductive layers is selected to be-apgl east 1000 volts per mllinetre
t hi ckness of the structural seal (3) to be tested. 25 5. The net hod
according to any one of clainms 1 to 4, characterised in that the test

vol t agerapplniied o e uel enteriteal lthacorduel te hayernsct6.ica) vslselgected to
be at nost 80 % of, an el ectrical voltage at which an electrical breakdown
acconpanleélﬁf SIS Gn P AR T8 GISBRTK b6 o%r @ RSSFItaUsGigecur i n
an undamagedcand/ omnh iwh \&aalé%@@ﬁtc@che@kd%% a % FeERQRdl BG @t he
structural seal ﬁﬁ? to be tested. - . hod. according to any
one of f@Xafson BN CRECACLET iSPEd N @rtﬁéﬁ M@éldppgamanga eh ignition.
Spagkslﬁ“déﬂéﬂg&wd%d@ quwh%%akg%e%e%%r%%kh§g% E% %p%|&%d e the C%ndUCtlve
| ayers i s det'ected by detecting the el ectronagnetlc S RCer PEreﬁce signal s
pr oceedihgg sftrromtihre Li geiatli di3) spar beand/saredel ectric arc using a detector
and/ or by detecting and evaluating the light, thermal radiation and/or
material heating effects proceeding fromthe ignition spark and/or electric
arc. 1G. 7. T'BhemmhbddzaQGQHdh@g tboedRYie@nelgfimchabmsclatip 6, characterised
in that the |level of the voltage applied via the conductive Iayers (6, 7)
to theC?FFﬁéﬁﬁFéPegeép FBaEeEP§s§§6u§ﬁ&F§# ERE1Lf 11 &P Ber teRtefr ém t he

V01©ag%e%Q%QP§n(%)pﬂﬁ&%ll@?n%foke%Qe1%Q%qwgﬁﬁvetk%y% $+(601fL kS nmeasured.
8. The nethod according to any one of daims 1 to 7, “Characterised in that

t he te§@l®@lﬂ@gée@§e§pphlédetw onecefs stive ebe¢tnm¢akwylcundu¢tame | ayers
(7) vi 0] nutugll atially.separate upply points (9, 10),
%l% r%%% t F% 15 ea%he% % h 8| SFPIC |%

in that the curren Ws “or “correspon YaFues, in particul ar
t he eI@m@mbmahowahyagmpuameb@&a&ueede@u&m&gla@ eb@@twbqabgera@kdam@hat a
danaged ﬁulty an?/or weak point, and . in that the |ocation of the danmaged,
faul ty &n& &Ftﬁégﬁ breakdown accompanied by the formation of an
15 electric spark or arc would occur in an undamaged and/or un-
weakened structural seal corresponding to the structural seal

(3) to be tested.

4. ~ The method according to any one of claims 1 to 3,

20 characterised in that the test voltage applied to the
electrically conductive layers is selected to be at least 1000
volts per millimetre thickness of the structural seal (3) to.

be tested.

25 5. The method according to any one of claims 1 to 4,
characterised in that the test voltage applied to the
electrically conducive laygrs (6, 7) 1is selected to be at most
80 % of an electrical voltage at which an electrical breakdown
accompanied by the formation of an electric spark or arc would

30 occur in an undamaged and/or un-weakened structural seal

corresponding to the structural séal (3) to be tested.



25 point is determned fromthe ratio of the current flows or corresponding
el ectrical values, in particular voltages. 9. The nethod according to
claim8, characterised in that the electrical voltage ratio is neasured
usi ng nmeasuring probes 30 which are directly coupled to one of the
conducta.ve [Tapemsthop. accor8ling tb0anVheneebliodladear di ng B¢ cl ai m 8,
characterised in that the electrical voltage ratio i.s neasured using one or
more mEA § pr6hed i e CRPSETEIVEl v IcdGpidd o SERE XSt Fhe
conductd & drayels os7 whdhditheCtdast Wiclkawe asgabpanics eommection. 11. The
met hod according to any one of clainms 1 to 10, characterised in that the
st ruct WAIAUSERVe( 32 ved shé 5t eisttegties Subdieriedéd nionth e wdieditdwale onest c
pot Eons;, ) t Jieast 0 f. L nducti.ye .l rs. is.s ed in
uch 2 s e e e BeC S T age e aart ete e Sredse e S gment
of the <Clarducitd werd aypemg( @, ditedtle ehaly/girnd ywidel evalithggends restricted to
t he assqci,ated te partion. 15 12.. The.method accordi ng tqQ any one of
cIains'%Y%%?%%ﬁn% %%ﬁhﬁé h&ﬁetseﬁﬁ@%ufﬁ%lggépn(§fdfgrf5@ d*from pl asti cs
mat er i alesgald Ry feehs iptoercearimec tredmby hieoiiBhs + ioharsaeter ased o that at
| east one of the electrically conductive layers (6, 7) is forned so as to
ext end YFXF *hé*&dge of the plastics material 20 sealing webs (3) which
arepto be connected and thus into the joining zone (11), remaining in the
joining zone (11) during the connection process and m xing during the
j oi ni ng -pr odéss mgichipdt ke cwadénivalt cofnvhenpl ast ke imat ér ital éseal i ng webs,
whi ch i ticised.by.the jaining, ,in_such a t hat the 25.electrica
conducf?Vﬁ%%ﬁgflggﬁdl%afé%%ig%anggF&pfgd%ﬁﬁ Wﬁg%%gﬁnﬁﬁﬁﬁfggidﬁ?'% € The
met hod caeenicdiing tleyary ame of) elaithe Lttractrachakaat ek $ed el tiliat an
electricakjy conducti ve abut nent .

and/or the tlow of current from the voltage source (8) into

15 . one of the conductive layers (6, 7) is measured.

8. The method according to any one of claims 1 to 7,
characterised in that the test voltage is applied to one of
the electrically-conductive layers (7) via at least two

20  mutually spatially separated supply points (9, 10), in that
the current flows or corresponding electrical wvalues, in
particular the electrical voltage, are measured during an
electrical breakdown at a damaged, faulty and/or weak point,
and in that the location of the damaged, faulty and/or weak

25 point is determined from the ratio of the current flows or

corresponding electrical values, in particular voltages.

9. The method according to claim 8, characterised in that the
electrical voltage ratio is measured using measuring probes
30 which are directly coupled to cone of the conductive layers

(7).



30l ayer (2) of the structural seal (3) is used as one of the electrically
conductive layers. -.32 - 14. The.mg{hod according to any one of clainms 1
to 13, characterised in that at |east the electrically conductive |ayer (7)
arranged on the accessible side of the structural seal (3) is provided with
an el ect(. calthy menheanduebirdenbayer c3ci2) 8,peakerabkyiacki ght tegkoured
plastics material film _ 15. The nmethod according to any one of clains 1 to
14, charmscttdictedcitd tRdttade s tlested MFSisng S6l B8Pt fnec apairEgnce

neasurgﬂggguﬂM%§Iﬂ%bb%@ev@h%%t%E%abﬁﬁa%QQQQ%ﬁ&v%o%%l%@y%B_Q%L arr apged at

| east on the accessible side of the structural seal (3) is fornmed over the
ent i r e sdugde vandege nshet/Nerd nidhie esltdat r ivg&hloptcendadtviewa cl ayer . (6)
arrgngq%nggmkh%nrear side of the structural seal (3) is forned over the

L

entire surface.” 15 16. A nenbrane-type structural seal (3), which is nmade
of electrically non-conductive or only poorly conductive material and has a
hi gh el ectrical disruptive strength by conparison with air, conprising a

t est dé&?ceTﬁg)mﬁﬁgpﬁgagﬁoéﬁééﬂr%Ea?n20098lPégé}éé@?cé F8r18etecting
danagedfr fcaulrti ¥ cROii Rt Thalth thRr Litcul-an \aak cBei Nt havikg rtasteduged
material thickness in the structural seal (3), and conprising an

el ect r i TRAY idedddétiovd Ncddyddued) tite Aty casr aged hifsiade 168 séuesiede t he
stryct wal, seal .a e er. .S i.al l. entir urface of the
structuraF %egfq?%%Fqéﬁapgiﬁg%iégdggﬁkgﬁgﬁ%al¥u%pﬁgrgehggt%?gzrl&§%§
conducttihee tegyewolZrgies ipr evirdedd whi chel seepectiivealskymeapandt eéttef rom t he
af orenent i ne rically the structural seal (3) and

d_el ect onductiye |layer b
ext ends OVer- §J€sﬁ§¥@ﬁélﬁy ﬂﬁé g S P84 gcgl%F Ré 86Fuctural seal, the
30 testrda\Hice oSk cCampr iasishg iRrals ther gettiikg.the [ evel of the voltage
whi ch can be applied to the structural seal via the
15 12. The method according te any one of claims 1 to 11, in
which the structural seal (3) is formed from plastics material
sealing webs interconnected by joints, characterised in that
at least one of the ele;trically conductive layers (6, 7) is
formed so as to extend up to the edge of the plastics material
ZO sealing webs (3) which are to be connepted and thus into the
joining zone (11), remaining in the joining zone (11) during
the connection process and mixing during the joining procesé
with the material of the plastics material sealing webs, which
is plasticised by the joining, in such a way that the
25 electrical conductivity of Said layer is interrupted in the

joining region.

13. The method according to any one of claims 1 to 12,
characterised in that an electrically conductive abutment
30 layer (2) of the structural seal (3} 1s used as one cf the

electrically conductive layers.



electrically conductive layers in such a way that the test - 33 - voltage
can be increased continuously or in-sieps fromzero or a m ni num val ue
greater than zero to an electrical voltage which is reduced by a
precautionary anmount bel ow a destructive voltage at which an el ectrical

br eakddvin aftenpathed bycbhdiBgf bpmatiyornef cdncébheéwsriictepadBk or arc woul d
occur %%a%nc%%%§n% ed an g ra%nlme%ke@%g s;gg tggallseagn§02resgonding_to
the strUétaral s&a 6?) 88t &5PEY. T78CTRECELFCFRPERCEEY accordi ng
to cl ailmyke, (Chakackehiesednl@hienathakstibeet esticde¥i eRe( 8k reempiises a
detector for detecting ignition sparks and/or _electric arcs. 18. The
struct B8l ddal igcPerdit§ct yichapm £7SCcRaFact ¥r NOBACPRANRAL VEhéad&E ect or

is forngg éf,r %me%ferla%q% 201§ 8RR oulrBql B 1RARE ESUkak @ s Lhermal, 1 magi ng
canera. 19. The structural seal according to any one of clains 16 to 18,

characterised in that the test device (5) conprisés at | east one electrical
voItneH%r (%%e 16) agdég&oggihes%t Qne 20§I8%t5%c.cur ent ter. 20. The

. me’chd o any, on i3S to . .
structural seal according to ary oné df “crarns“16"t'6 19, chafacterised in

t hat t hwhatrest: edavictle iconpritses at lteastkd weisgpphygckiraeal(13, 14), in such

a way that the test voltage 25 can be applied to.,one_of the electrical
ol AT TAere (165 S P Cibaarty SOBt PALFy 24 handt 66 CUEELY Spoi nt s (O,

10) o layer (7) arranged at least on the accessible side of the
structural seal (3) is formed over the entire surface and/or
whether the electrically conductive layer (6) arranged on the
rear side of the structural seal (3) is formed over the entire
surface. |

15
16. A membrane-type structural seal (3), which is made of
electrically non-conductive or only poorly conductive material
and has a high electrical disruptive strength by comparison
with air, comprising a test device (5) having an electrical

20 voltage source for detecting damaged or faulty points, in
particular weak points having a reduced material thickness in
the structural seal (3), and comprising an electrically
conductive layer (6) which is arranged inside or outside the
structural seal and extends over substantially the entire

25 surface of the structural seal (3), characterised in that a
further electrically conductive layer (7) is provided, which
is electrically separated from the aforementioned electrically
conductive layer by the structural seal (3) and extends over
substantially the entire surface of the structural seal, the

30 test device (5) comprising means for setting the level of the
voltage which can be applied to the structural seal via the

electrically conductive layers in such a way that the test



21. The structural seal according to any one of clains 16 to 20,
characterised in that the test devices{5 conprises one or 30 nore
measuri ng probes for measuring currents flow ng through the supply lines
(13, 14) during an electrical breakdown at a damaged, faulty and/or weak
poi nt Wnlth@estmucberahC$eabed-cantinandbay eke¢nrb¢apsvék0@szekn or
parti cul ar, voltageipgproportlo to these curr Structural

seal aCcdrdithy™ |ﬁF§fteEh§%§8térF§e °5afn® ?rﬁﬁg%oﬁglg?gﬁore

nmeasur iad 4 qté,e&e@h@egab}/,aal 9§lelckéu¢:(i6ﬂ@@:yeambﬁnth@e&bbl@apL;yQlelslﬂQ&c(cl3e 14) or
to one of the electrically conductlve | ayers (6, 7). 23. The structural
seal ad@dﬁ@@ﬁgaﬁowéﬂébnﬁ21e LeRaraceer P§6aKE0"n 2EREMPERE ©6n8 Yor- Mor e

TRasUr L NG-RIARRS 27 80k €30 08 GaRaY g' veky GoURLed koLt he supply |ines

(13, 1 or to one of ectr conductive layers (6, 7). 24. The
st r uct umalarsg@ld a@ddpdlng w@aaﬁwedn@tamc¢Maa&s5$@lt@oxszng@ﬁam&cﬁ@rised in
that it is SUdeV ded into |nd|V| ual,_ gst portions by segnentation of at

| east ¢ of- tHd YePdc FPLal Py EOnbGc &S ayers (6, 7). 25. The structural

seal according to any one of clainms 16 to
17. The structural seal according to claim 16, characterised
10 in that the test device (5) comprises a detector for detecting

ignition sparks and/or electric arcs.

18. The structural seal according to claim 17, characterised
in that the detector is formed from at least one camera, in

15 particular a thermal imaging camera.

19. The structural seal according to any one of claims 16 to
18, characterised in that the test device (5) comprises at
least one electrical voltmeter (15, 16) and/or at least one

20 electric current meter.

20. The structural seal according to any one of claims 16 to

19, characterised in that the test device comprises at least

two supply lines (13, 14), in such a way that the test voltage
25 can be applied to one of the electrically conductive layers

(6, 7) via mutually spatially separated supply points (9, 10).

21. The structural seal according to any one of claims 16 to

20, characterised in that the test device (5) comprises one or
30 more measuring probes for measﬁring currents flowing through

the supply lines (13, 14) during an electrical breakdown at a

damaged, faulty and/or weak point in the structural seal



20 24, characterised in that it is forned fromplastics material sealing
webs interconnected by joints, one of;34he electrically conductive |ayers
(6, 7) extending up to the edge of two interconnected plastics materi al
seal.ing webs and thus into the joining zone (11), and the electri cal
conductindi/by efethirsc2h ehectsi cahl paconductirveolaggeshepngpbnteépnapted in
the joining zone. 26. The structural seal according to any one of clains
16 to ?Q,tgﬁéﬁaEFéFﬁgéa'in that at |least one of the electrically
30conductive layers (6, 7) ends at a distance fromthe edge of the
structural seal (3), in such a way that the disruptive strength of the air
pat h extendlhg everctheaédgeadf acherdingsto sipimt dial cseahctsyibetween the
el ectri.cal c uctive._ I r.s . i.S._qgr e han - .elLectrica
disgupﬁfvéhégrgﬁgtﬁaéfgfhg%gfrﬁ%gﬁfg%ngeggoﬁﬁéngf% ggLﬁggéﬁéégg and/ or
unweakeneteche27toTheestupetiyr dAinseal(14¢cardi ng to any ofietak clains 16 to
26, chanactetisgﬁvin that the electrically conductive |ayers (6, 7) and the
nenbr afeSEype et éc P 5FF§Vﬁ0ﬁ988ﬁ5uéng Yor only poorly conductive
structural seal (3) are constructed as a preforned nultilayer sandw ch
system the electrically 10 conductive |ayers (6, 7) being materially

and/ or 29osi TheePyrechnEatedctd BRECEELNEL }épaplgéau 2%*3) cgapaFrhaeragethem
e'fgtr'i%a'tmt £R8- o§@¢o§t ﬁ%%feuyn@as%a%%gag&‘»%@sngrteoo@;_nxagn%eof claims 16 to
15 27, characterised in that the electrically conductive |ayers (6, 7) have
an el ectapiacal-iseifaceupésidstantcbeobubpdy ttharslds 3ohmdandklottoannel e€trica
resisti¥jty of | ess Ehan 1%3 %hnicnl 29. Tge ghructural seal according to
any ond6f SCRSIERECT81Y 0 28E  (Rar8¥¢FEFi 48d i’ that at |east one of the

el ectrically conductive layers (6, 7) is fornmed froma non-woven fabric,
knitted fabric, a filmor another planar formation which_ is manufactured
from i ’fer eAbPy SAEHCEBRALCEEPE RECEFFAPIWRPCRYS OpLoPidEdaw™eh18l &6trical Iy

copductive parti¢hesseli Bresna¥aiRSis subdivided into individual
test portions by segmentation of at least one of the

electrically conductive layers (6, 7).

25.. The structural seal according to any one of claims 16 to
20 24, characterised in that it is formed from plastics material
sealing webs interconnecﬁed by joints, one of the electrically
conductive layers (6, 7) extending up to the edge of two
interconnected plastics material sealing webs and thus into
the joining zone (11), and the electrical conductivity of this
25 electrically conductive layer being interrupted in the joining

zone.

26. The structural seal according to any one of claims 16 to
25, characterised in that at least one of the electrically

30 conductive layers (6, 7) ends at a distance from the edge of
the structural seal (3), in such a way that the disruptive

strength of the air path extending over the edge of the



25 and/or wires. 30. The structural seal according to any one of clains 16
to 28, characterised in that at | east3mne of the electrically conductive

| ayers (6, 7) is fornmed froma non-woven fabric, 30 knitted fabric or

anot her planar formati on which is manufactured fromelectrically conductive
fibres samdfopryarasal (336betgienThéesEﬂactmnabl$gaboadcotdwaglageaay one.

f cl to 28, h teri hat at | t th |l ectricall
conductiPoe 'V ayer X FBTSF) TS Glea PP bR B %onCdes bR FAbr PC7 RAFLL B4 fabric.

a fil moae anetbeurphasakif anheat ienivhiuehainsgdananyiaet unhedakeaaui.nherently
non- conductive material, the nonwoven fabric, knitted fabric, filmor
pl anar formation being prOV|ded wth a coating of electrlcally conducti ve

materiah, ifppagtigukar,a !@Q?U5c9898§h5990”§F9|thYSE c19:18- 1 Fhe,
structural seal according to any one of "clains” 16 t 8, cﬁaracterlsed in

t hat aﬁOLeaﬁﬁréﬂéﬁéﬁSENelelébﬁﬁlcahlylccﬁdmcaﬂ¢e bayénstése Irvessfor med

froma 2 veg E%brlc b@ghgted fabric ang& anar, ernatlon whi ch
is nand écture from i nheréntly “R6n- congucflve Hape ﬁP e i6n®T15 woven

fabriConﬂypbananyfcmmﬂhnmnvbesmguptovadedemﬂtm3a hygresﬁ@ptonsabshance
33. The str ctur according to any one of clains 16 to

char actePr§ BrWﬁ tW& LéﬁawéﬁsFaB gigh ¢ ét@WecFP?c89F§t?6cé6ﬁMuct|ve | ayers

(6107) dosidfierned firgrra nen-woven;hagbnkeerkahttednfiabri goak canather planar
formati on, of which the surface facing towards the structural seal to be -

testedcp§nﬁﬁeéecéﬁ thesgehugtwaylt Eaelel(@¢t sRpArRyigendben ve fibres, yarns
and/orewg5%§ig59h§qt out of the surface towards the

28. The structural seal according to any one of claims 16 to
15 27, characterised in that the electrically conductive layers
(6, 7) have an electrical surface resistance of less than 108

‘ohm and/or an electrical resistivity of less than 10> ohm/cm.

29. The structural seal according to any one of claims 16 to
20 28, characteriséd in that at least one of the electrically
conductive layers (6, 7) is formed from a non-woven fabric,
knitted fabric, a film or another planar formation which is
manufactured from inherently non-conductive material which is
provided with electrically conductive particles, fibres, yarns

25 and/or wires.

30. The structural seal according to any one of claims 16 to

28, characﬁerised in that at least one of the electrically

conductive layers (6, 7) is formed from a non-woven fabric,
30 knitted fabric or another planar formation which is

manufactured from electrically conductive fibres and/or yarns.



25structural seal (3). 34. The structural seal according to any one of
clains 16 to 28, characterised in thaigat |east one of the electrically
conductive layers (6, 7) is formed froma non-woven or knitted 30 fabric or
anot her planar formation which is manufactured fromglass fibres, netal
fibres3and/@hecatbgntﬁkbﬁesgaand¢cbtduhg subshyabEenafecﬂahmef16h5o

non- mn%s knl teq fgbrl ; - E anar fo n COﬂSI;ﬁ

excl usi élﬁ Faﬁ 848 5P pr8st ?ﬁeaﬁl §85fi BPEs be 6 89F6é8a ¥h

el ect ricoably tegrduaticve partwl €8s, rbirhkes fr¥ar BsnandiekeW K85 riah

el ectrically conductive coating or a hygroscopi c substance. 5 35. The

st ruct ffPal- t8afag&d6r dEn§its aAy2BREDSE Blanas iermétsan vhaclcterised in

t hag a&mhﬁ%%ktgegdo%rgﬁelﬁhgggﬁk§9lh%BQgBQHﬁEkY@ é%@§lg§ fhel fopLranged

inside a plastics material sealing we rom wh e structural seal (3)
i s 10f oomed, fﬁhwsceléauttealEybc@nduéudmeotayéanéﬁ)Fbemaglsnabbengoveral
than the QI%stlcs naterlal seallngl CQK t he

el ect r PEENI S CoRdlict PvECPayER 06) SIS coﬁﬁﬁé?¥|908§8m%§é8 Bﬁtéféégrlcally

i nsul atinngaseakiung rmat erpalratiepbeikeagntydinakysirdes of the plastics
material sealing web. 15 36. The structural seal according to any one of
clains 16 to 34, characterised in that it is formed fromplastics materi al

seahi ngovebsnuhisehycan-he wehded-togat hgr «o0ng 0£qghsfe£@9&ﬁ50@blyo
conductive layers (6, 7). being connectéd to tﬁe 20 rear side of the

r espectibve CPRASEiLes ingteinakhgéabingench and Pﬁ|§h@oﬁéaétwveaﬂéyer which is
arrang%g an Eh r§g si.d 6en9|ng f reyirtya flush w gQne
| ongi tu I'nal” & &e 1 Iast|c§ EH?@rga géa# hEX BvéndLakalng of f set
fronlthelmthdrfbbmgctudlaabtedgepbynarwﬁdtmadebnnwhgca gear j oi ning
manufactured from inherently non-conductive material, the non-
15 woven fabric or planar formatioh.being provided with a

hygroscopic substance.

33. The structural seal according to any one of claims 16 to
28, characterised in that at least one of the electrically

20 conductive layers (6, 7) 1s formed from a non-woven fabric,
knitted fabric or another planar formation, of which the
surface facing towards the structural seal to be tested is
produced in such a way that electrically conductive fibres,
yarns and/or wires project out of the surface towards the

25 structural seal (3).

34. The structural seal according to any one of claims 16 to
28, characterised in that at least one of the electrically
conductive layers (6, 7) is formed from a non-woven or knitted
30 fabric or another planar formation which is manufactured £from
glass fibres, metal fibres and/or carbon fibres, and, if the

substrate material of the non-woven or knitted fabric or



25edge (11). * 37. The structural seal according to claim 36, characterised
in that the rear joining edge (11) +is3gqui pped with an easily renovabl e

el ectrically conductive edge |ayer (61, 71) which is 30 electrically
connected to the conductive layer (6, 7) arranged on the rear side. - 38 -
38. Thelstrauctiwralatseal caccosdisng xtcd ucliaiehy3df ghamsactfebiresd ithet hat t he

el ectrical | nducti ve edge l.ayer (61, 71) consists of an electrically
conducﬁﬁﬁgﬁggﬁ }gﬁhg v Pip%ﬁaéﬁ gﬁg%tFﬁ@&FF&C8&§5059P9€C§éWF-adhesive
non- woyent fidlldsG @ibarsy eheels agal/lby ardust ave cwepeahl-e 19k washabl e
coating. 39. The structural seal according to any one of clains 16 to 34,
char acteriREF iR CREC1NY 0 Polwed OBFOMLS 88PirE8nwst-eri al seal i ng webs
whi ¢h can be wel ded together, one of the 10electrically conductive |ayers
(6, 7) being connected to the rear side of the respective plastics materi al
seal i n@web Thextséndictig revescthe agairdé ngi dohaoly the pifastiedssmatertipal

seal i ng, el and being connectad Wi hh.onl v Ledyced tensile bond strength,

to the pl'astics material “sealing web in an edge region MiicéhYdef i nes-a

rear j @ondigtedge.lay4@s Tle Ihr uct uralangeal iaccarediangla@tary one of clai ns
16 to 39, characterised | %hat the surface conductivity of at |east one of
the el ST A v oEdnddcti®e TFaferdiCE, 77, Sithus6 Wart iséditar' 3t hé Sconduct i ve
laygr (fQrmfd,anged @Nelheically conductive layer (6) being smaller

overall than the plastics material sealing web, in such a way
that the electrically conductive layer (6) is completely
enclosed by electrically insulating sealing material at tﬁe
longitudinal sides of the plastics material sealing web.

15
36. The structural seal according to any one of claims 16 to
34, characterised in that it is formed from plastics material
sealing webs which can be welded together, one of the
electrically conductive layers (6, 7). being connected to the

20 rear side of the respective plastics material sealing web and
this conductive layer wnich is arranged on the rear Side
ending flush or virtually flush with one longitudinal edge of
the plastics material sealing web and ending offset from the
other longitudinal edge by a width defining a rear joining

25 edge (11).

37. The structural seal according to claim 36, characterised

in tﬁat the rear joining edge (11) is equipped with an easily

removable electrically conductive edge layer (61, 71) which is
30 electrically connected to the conductive layer (6, 7) arranged

on the rear side.



accessible, visible side of the structural seal.(3), is set in such a way

t hat even when the maxi num possi bl e Best voltage and full electrical charge
of the seal are applied in the case of a short circuit between the
conductive layers the maxi nrum 25 possi ble short-circuit or discharge
currenB8is Thensedittoiza hovedl facedndmeninglavel 37, 4dhamhet stisred ur al

seal acco g, to ¢l aimao haracterised in t thl ele ically
conducfivég?gyé Cor- bo?ﬂ*%% f%c%rlc%ﬁ?ﬁv%o%%% P?v%e?ay%f’ 9%{ 7) have a

surfacecheskss a@ﬁeaxgr@Bé@ttrimanéom@mtaﬂﬂé oseBf-glilecttve febhstavity
greater than 103 ohmcm - - _42. The structural seal according to any
one ofeéPéFﬁ%Ci%l¥oc%ﬂdu%ﬁhY%c%%%fs%%P??ﬂY?uﬂo%ﬁw?%%%tf%9616f0¥h%n

e'Q?trb%éh%¥1899dy016ﬂﬁu&@¥€éSwiﬁkaéﬁo'§rf&%§%§bié086§tﬂﬁ film a5
netallised plastits materital film a plastics nmateri al n1nade

electrically conductive by adding conduct|V|ty |ncrea5|ng subst ances, an

C boaueetoe Ipeonauetiye, b aold oo LBIErAa) 1AMy e OF LIATLDSL 60
conducfive plastics na erla e Ianar ornmati on or t sed
pl anar 3tor aRbront et heesi te ﬂﬂathbteoi f@rm@@ Ay @I@ﬂtihe shteciaial seal

(3) being fornmed so as to be electric non- conduct i nd/ or provided
wi th aﬁegﬂéEErW%%fIth%% E%ﬂdﬁ%tV%Ld?§y5¥gfﬁﬁﬁr' 3% She ot ?ructu?al seal

aceordindcteiehai fn d3nacharact s sed 15, im) thatngheoghestesicabl yne
non- conductive | ayer (12) consists of an electrlcally i nsul ati ng,

| i ght - €¢6RBupédepphsthesradpesrrare| ayeptics material sealing web,

extending over the entire width of the plastics material
sealing web and being connected, with only reduced tensile
bond strength, to the plastics material sealing web in an edge

15 region which defines a rear joining edge.

40. The structural seal according to any one of claims 16 to
39, characterised in that the surface ccnductivity of at least
one of the electrically conductive layers (6, 7), in

20 particular the conductive layer (7) arranged on the
accessible, visible side of the structural seal -(3), is set in
such a way that even when the maximum possible test voltage
and full electrical charge of the seal are applied in the case
of a short circuit between the conductive layers the maximum

25 possible short-circuit or discharge current is limited to a

non-life-threatening level.

41. The structural seal according to claim 40, characterised
in that this electrically conductive layer or both

30 electrically conductive layers (6, 7) have a surface
resistance greater than 10* ohm and/or an electric resistivity

greater than 10° ohm/cm.
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42, The structural seal according to any one of claims 16 to
41, characterised in that at least one of the electrically
conductive layers (6, 7) is formed from a metal film, a
mefallised plastics material film, a plastics material film
made electrically conductive by adding conductivity-increasing
substances, an eleétrically conductive plastics material f£ilm
made of intrinsically conductive plastics materials, 'a metal
planar formation or a metallised planar formation, the side
thereof facing away from the structural seal (3) being formed
so as to be electrically non-conductive and/or provided with

an electrically non-conductive layer (12).

43. The structural seal according to claim 42, characterised
in that the electrically non-conductive layer (12) chsists of
an electrically insulating, light-coloured plastics material

layer.



