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PF 58069 1 Method for stabilizing and securing banks,
hillsides and sl opes, and structures present at |east
partly in nmoving waters, by conposite nmaterials

cBﬁﬁ?e{Qﬂ ng mneral particles 'and an epoxy resin 5
Description The invention relates to a nethod for
stabilizing and securing banks, hillsides and sl opes,
and structures present at least partly in noving

wMetbed for stablizing and grsuring brpkaiisides And piopes. 8Rd slructuses rresent
bat |eatparey inemowirigewatérs Sbycempiokita gterials esraprisiray hinetabsarticles

pérﬁf:ﬁ{%)%: sh0 stones, in particular crushed rock, and
an epoxy eS| n, The stabilization of banks, in

particul ar bank sl opes, is frequently necessary for
r Beggripidgnon of flowi ng waters. In the case of new
construction too and in particular in the renovation

Ot RS o808 o FUBEPor Bl S Ind AR abaGK

c@ﬁfiﬁsr anqﬁjruewwﬁé%ﬁqnb%tkea@haaw 'QHUQXU'QIW"’(WSO%HB @éﬁ@ﬁ‘?g\?@ and
berstrytion alementst Bdcompdsitd matedala tomprisingoniatiabpartidles, preferably

féane%“Hbath%ﬂ@?’g-h Held rBeK Bﬁ’é&r?epdx? resif)i S method, however,

renovation o maged regions of the bank on site is

not possible. Mreover, the conmponents generally have
aTheestgbilization ofeiagks, jn pRrticular hank skipesi is fidquentingescessary for
CrRYGIERIrEof fiewihg WatedS Hn the cBb@sH e dolistrubhiérbtoBRAR ! ;sdawaulat lethe

CBHBIEERS o iaels bl letchd: AeafiRien be BRudint R rBrigee

renovating darmged regi ons of the bank on S|te IS the
uBSedaté, compositrtodigs tcampfighigerbshied ootk and hightquatity cordrets have

"‘S‘éen'H??:&t?rE%te\ﬁ‘”éhE Bla\é@&é’ttﬁé E;F\%?Qse% 8?3 uch#ehdvi n gd in
i

SO
L% melied, Boweer <ormvaiie Wﬁg%f ie8igps ghihe pa qw%taerkno
shaspible. Mareoker, the ltompentntsogenaradye havei anvery high welghtk Asurther
t fieddvahtbge 6 d@ﬁérbteqy{henad(fbee@@&hp mheaheaiissmﬂwmaete does

o ek B bnest Epe B Sand ofomdeiibed 1, om

the tar, Furthernore, substantially gap- free
SOnel pcbssrbmq fbolenovating berRagedregiartblof ¢ bafk Yn Gite istthegse of

t %d%a%nﬁlﬂﬁloﬂg omét Efes BF ét%rtéfrywﬁ Eﬁ\n)e cﬁ%ﬁi}gf ieg rc])ver

oinS FbRipa o e ook vsh whw”%getpi‘vﬁfcén%qu dateq. 3y means of this
smethbd,i consuljdation lof thaybanis slopes qaarbblaclmé\ead foma certaimtime. iHowever,
ahafe i& fﬁ%rcuﬁ?’th@&!&ogt%d%gd%ta%g?ha@ &% tHe! c@ﬁl%e %f fﬁﬁé r’;‘)‘iﬁ@nohc or

mat i ons

oo suranuag i, il i Boundn ey P HRlpresn o 8 o Futtheimore,
cabsiahiialy peptres stuctyesforn i these nipdedured. Ay awitiahindhe bank

f febiof Whith tafe praentinhe! interidf arelfiled. i qui d conponent s for
the pol yurethane reaction and then closed. The

pol yur et hane foans and is thus_distributed

The use of polyurethanes for the production of moldings with mineral ingredients and

for stabilizing rock layers, in particular in mining, is also known.

Thus, DE 35 02 997 describes a method for consolidating geological formations in
mining by polyurethane foams. Here, the formation to be consolidated is provided with
drilled holes which are filled with the mixture of the liquid components for the
polyurethane reaction and then closed. The polyurethane foams and is thus distributed
in the openings of the rock formation. The formation is consolidated by the subsequent
curing of the polyurethane foam. However, such a method cannot be used in the
renovation of slopes, in particular bank slopes, since foaming is not desired there since



10

15

20

25

30

35

40

in the openings of the rock formation. The formation is
consol i dated by the subsequent 40 curing of the
pgtg%@t hane foam However, such a nethod cannot be
the renovation of slopes, in particular bank
sl opes, since foaming is not desired there since PF
58069 2 DE 102 41 293 descripes a nethod for
stabilizing banks. There, the strongly hydrophobic
conpact polyurethane is applied to that part of the
bR RO0%MT A3 desaribege meﬁwﬁ@rlsrabélamg Peatsy Erere.ithe stranslyui r es
ahydrneghobicempha pelyorfethahe iscappliezistp thatl parg ofithe kardeehichois to bé&
| SaiRUNAEWSED IS PefbireA ubifdhd sﬂﬁécjé%?lthemal'rgéﬂb@ialnerbﬁnk section.

produced by |ntrodu0|ng rock, preferably crushed rock,
into a nold and appl y|n t he pol yurethane system

t Reanethgr emeedimen®f this reethadt éncldingseaie prorHepd ydetrasugipg reek,
nraferatty ¢rh§hl(§i;dlrci|¢t§?rl hto fﬁ\@td and applying the pﬁiu%éthmﬁyabm qt:@*eto

S etRa st béng o%t fidt EdBRnixture of
SEpelrRetats sysitm e o Nﬁ“ e
e Bitndcampenerioiibe po qmqﬁﬁ%f?w ek s g can
ps placastdrthe banmk sidne. rock can scarcely be achi eved.
Wien the systemis distributed over the bank sl ope,

I'ﬂ%lé{ fd &a%bse rl%wefeq o}nqj Q{sklg{ftlo?m hléepog/h%%%n%%ﬂ tﬁ@ Fogf? }f%{

g?“@[ﬁ‘?b’ elalc higyed- é(Hh%‘dP%EYSt%‘P 'Stq‘?éf iBufRARYET thR bapk ﬁPRﬁ/ inguffigient
scampbliglatiart dfdite $lope canaboreower ncpua pdrtisaledy inrlige cdsardf 8 non-uniform
hirblifd, des and sl opes, or structures present at |east
partly in noving waters, in which a high strength of

t he bank can be achieved and in which the stabilized .
bhwRs apokipel of thetimventionte psovilegsimple mathaddpr stakiizingrand securing
olignksthillsiles dnd slopesh bestrdtubes séstht atilgdshgartiith rs@ing waters, in
L& Rlgh strBfat bf the bd%k cdn'be achib®RFard'in fwﬂﬁ"t e datires bQHk

oAb Vit QYRR TRLRGR R, the | quid Starting

components of the epoxy resin are 25 applied to the
NTHeEsHdct BEUld b hétheval By shBiliZRPANG $cRBiiny the banK, &fé hilleiiésthen

asl%dero?tthesétﬁﬁturé Ek‘gcor%néo%}i%sdco?rhﬁ&hé; 99 eé&*ﬁé’éﬁﬁ Qﬁcflo%e ﬁ\h‘\eral

- Eprghis RLTpesaite iquid Séa@%%%ﬂﬁfdi)%?@ﬁ of PRieROH RPN Pée
ca:phdmbtodhe;mhrer@ pdrtiolas and the epaxykresis sadureain Thugs iba first step, the
Sﬂqaial étarﬁﬁgdcd?ﬁpoaem& Bﬁar?éddﬁ? Fééfnec%n%ﬁﬁ%ﬂawﬁ{ mtiga‘f’ F‘aﬂaéé s
aliB pBetalth A mspEond . YRS G S Hashaet snorhe ek
viectiomtorberstabiliged onf @ the strugtures present af lnastpatly dneimpying waters,
guicH as wiksoRing A d @pRstiiclichSdlémertd) Fasherhbee, Rl rilixiuge of an epoxy

%Eiﬁ m{}ﬁqnllg&altd%ftmeg hi a% bk thtiolGced At atdid, 'vmalré fhe k%Soxy resin
3 IS RO q%a'%;ﬁ'é fren ae:'l@ﬁ & heBaaR Sectif fp b gabiized or to

the structures present at least partly in moving waters, such as supporting and
construction elements.

The invention accordingly relates to a method for the production of a composite
comprising an epoxy resin and loose mineral particles, comprising the steps

a) mixing of the loose mineral particles with the liquid starting components of the
epoxy resin in a mixer,

b} discharge of this mixture from the mixer,
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construction elements. 35 The invention accordingly
relates to a nethod for the production of a conposite

2'9 i6§i ng an epoxy resin and | oose mneral particles,
d‘ﬂgéq ing the steps a) mxing of the | oose m neral

particles with the liquid starting conponents of the
epoxy resin in a mxer, 40 b)z discharge of this mxture

fromthe m.xer, PF 58069 3 <c¢) curing of the epoxy
(Bsi AN RLNE SBRY 5PRer al particles are preferably

stones, particularly preferably crushed rock, in
Prbetioase insinerar pastivtes 3¢ prefdrably dibresyparticarlyefetablyasushed rock,

4Si
QR ?%r?%ﬂ%#;)ﬁé?@& ‘rﬁr%m?.a'?)\% ﬁ??rg&&lﬁ\c%g]pé%@rng h%@er g@ze of from 0.1 to
e PaBey . Belerabhoon) 14450 3, PR elPRpYom Liodd g
fredieu2rly prefegallyrfrom2 tp 46 cing inl particklaniion 2% tod.%c8. cm | n
principle, all devices with which substantially

iR ﬁcgﬁlg, Vbl O wﬁi&?s@s%ﬁpﬂt cou‘ﬂ@l’é{é \ﬁétf?n;qséﬁ’itl‘ié‘mmfal

I QUi stharth@gj con:&)nen S of” he goxry resin |s
iS5 witn dhig,liqyid sfering carppagentsiok e $Pexy resin 5 RR§SiPiecan g yiged

resrmaikers fqy amixing thedoasie tningrhlkpasticleswith ghecstantiog eorhporehtstdfi the

;ﬁb@%}y re&iﬁ.SM&ersM/HiéJ{ é’on‘éf@% &han i‘b@@ﬁ? bc?fﬂailglffrr, @Pe%ﬁ%\e :é @ﬁ@@wﬂlﬁ’is

ARCiaBRR PR el i bl Sk e Balo oty 1B e 56 i

rﬁ'tR‘Pfﬁb? drug) ¢ancie retated r tha iptematfcapdeanevgdor t he

internals can be npved. 15 Such m xtures are known and

afih hRGres bRY kridWAERH Gre igad! BReplddin e Bﬂi@’v}?iﬁd'ustr? For tee
It th tur

concrete m xes. e mx I's applied

pro@ugtl qQn of

Arpdueion o CgNGTRte MIKES: ace to be stabilized, it may be
advant ageous to attach the mxer to a vehicle, for
axtpepibaurs i atiéddirectly fo the bured & bostabilidedUic hay be atiViintageous

Do RENIAN PEA e, T2 DAFEIBS G, D cfoddaPof G s
t m Xture can %e I"anS %e I N ea [’] ¢gase to e
SmbodimeRkidhe method agoaaing fadhs iyentien Be miluie,eR b Sansagged
rin g&ah, cabé b therplateiwberedtis lebechpplied. Bétercemptying af thg miXeorthe

iRIR @nlb¥ diEfltedTharidig Sor kBmplB by FRRAS BERkef the
nmet hod according to the invention, the m xing of the

mneral 25 particles with the liquid starting .

d® ﬁ'ﬂ)@ﬁ@?ﬂi@e@tfoﬂh?é“%tb@&?cqoégﬂgﬁo ithe inyenéien. dlp mixing;ah H’@U@‘P?Ea*
Iparticlel iwith the [y Riestartifigecompoaensts opthe epaXyessiaisceflebied lcontinudusly.
TP WG b B S Gt o6
5 eyt ol R de i kel Ths e ipACpacles are
sootineidushedis¢harged. Indbie peegure ot ie necassary aensurathgt the siartipg
FRdterdlsremalrBBie mixér N 16hg Bkt Sufficienowign@ofth@ineral particles
SCHFI ialk‘é'pﬁa%. %tehi'e%, gxﬁchtéjr%ixmg %‘ﬁﬁ%tug Ak4 b& hidved along the sections
to be stabilized at a speed such that the mineral particles wetted with the liquid starting
components of the epoxy resin are discharged from the mixer in an amount required for
stabilization. It is also pessible to operate the continuous mixing means in a stationary
manner and to transport the wetted mineral particles discharged from the mixer to the
desired location.

In a further embodiment of the continuous development of the method according to the
invention, the mixer may be a rotating drum into which mineral particles are introduced
continuously. This drum is equipped with nozzles which continuously distribute the
starting components of the epoxy resin over the mineral particles. Here, the rotation of
the drum ensures thorough mixing of epoxy resin and mineral particles. Epoxy
resin/mineral particle composites are then discharged continuously through an opening
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30 can take place, Expediently, such a m xing apparatus

can be noved along the sections to be stabilized at a

sFeed such that the mneral particles wetted with the
B8PSt arti ng conponents of the epoxy resin are

di schar ged fromthe m xer in an anmount required for

stabilization. i's also posgible to operate the

continuous m xing neans in a stati onar%/ manner and to

t tabrsprst of t'ﬁ%@’“ﬂkg be Eptating drum may pe helizegtalibul enayraleabs ingiped at

t Yegions amrgles io ordee to @bmdtethe dischacgsat i on. I n a furt her

enbodi nent of the continuous devel opnent of the nethod

r ofagpﬁﬁé}%g{b%dﬁﬁlﬁ ofI tg\?\gg&]&ht?orbﬁ éﬁéglfodngn;é%m%gpagt‘fcles are
FRSBRRGPNIRSHElY Q0 @wgn\gﬁyerrtpﬁlwmmﬁmoge%@mtﬁfa@duwa! paid

e bas openirtys tlrotgHnukictsthy stirtnigmdienats oftties diibxg tesirt areg
CQsana tc%ntﬂfuo&ih‘?or?fb%é’ nﬁr%?él Bar‘ﬂ S§ R éﬂdrlf iR conveyer belt, the

um ens

t'ﬂ@?%@?ﬁ ﬂ?%tr“ﬁa fa&f'” 8BB>‘893’} ’Sg‘l"ﬁ ‘HE* 'ﬂb‘i'%ﬁhaE&Pm?ec‘FOé%"PS'te at
Epvadjustabissiranspprieperd. particl e conposites are then
di schar ged contlnuously t hrough an openi ng PF 58069 4

atr}elttgfglﬁr?é%? Eifhftl smé% Jo%fp%gﬁé;;gagﬁéi'ﬁ erg’rﬁy at least 3
Ak cPraGtLQI" afbbp'fr ¥§t ??Fg PBc ?Iblgyeqtlﬁc@eﬁﬁst wé}arﬂcu " ayer
ethistyetisaemef lesfs thare3 crosfraquentlyhawe oy thsuffitientrstabditya The maximum

PRickhesk RSdepeRdent bl BHRIEE élfédetéﬁééslwﬂUﬁéngeOfbr AxAAPIY QY & 5
whi ch is noved through a tunnel id tunnel has

openfngs t hrough which the starting materials of the
epoxy resin are discharged continuously on to the
niin the erbdyacdion bitrheldingshithe dixtupenof thé lobseemneral pyrticledwith thetliqeid

r@t&?ﬁﬁé‘éon%n%h@ |o?f3neteBSﬂ/ re§h is ihtfddRicéd) aRBaRe FHI)?M 91t<5’£ H&ld

s BT a8 85n SJRe BT bl oL g BofiEle R Srhe
COMPOBi brgly thus fermagean be applied to the brgk. Jhemal rﬂﬂaprafterably have

| segizd of300&60 U150 £r4 10 gmeferably at | east 10 cm

Smal | | ayer thicknesses, i n parti cul ar | ayer

thi cknesses qof | ess requent |y hay

e o7 R apa Shoud 5 Bsst e i 6 Tk pritdes e Vetied s
cpwiedeinas posstbﬂaewntroﬁ:alllqwd mixture Bathalesosind langthaiéhe ¢noy resin
he3 Mol oterei0 5 15 nmeters. In the production of

nol di ngs, the m xture of the | oose mineral particles
with the liquid starting conponents of the epoxy resin

i18 ajfyrthep em'e@ameats i esralfm@swﬁ.t% apply the dpoge mineyal Rarfictes in e

piesfraf thizknyess m@tmeaiank bectivnio, ba stabillzed bBnaral apptyttbe Bquidstarting

§ sisth Z'Esu? %ﬂ%ﬁstcﬁ aRabid 5‘|5b°araft9§ I?@’%xﬁﬁ\ﬁleké‘?spray

?gfjujgll { aa:dﬂyﬁera I%Uhgrg tl;r(eyﬁe g@%b@tﬁﬁ and curlengmpared with the
method in which the mineral particles are mixed with the liquid starting components in a
mixer, however, this method has the disadvantage that here the distribution of the
epoxy resin is more non-uniform and defects where no epoxy resin is present cannot
be ruled out. Furthermore, where loosely adhering impurities, such as sand or earth,
are present, there may be problems with the adhesion of the mineral particles to one
another and hence with the stability of the composite material.

In comparison, when the mineral particles are mixed together with the liquid starting
components of the epoxy resin in a mixer, it is also possible to use those mineral
particles which have loosely adhering impurities on their surface. These impurities are
removed from the surface of the mineral particle by the mechanical stress during the
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The tinme for the m xing should be at |east such that

the mneral particles are wetted as conpletely as
possible with the liquid m xture and at nost so |ong
tffap8Q89 epoxy resin 25 has not yet cured. In a

further enbodinent, it is also possible to apply the

| oose mneral particles in the desired thickness to

the bank section to be stabilized and to apply the .

| Ti§19 @rasess enchieretasapaemieadesimpaiidhe aeapion & fhe rpiperakpaiticles
ab ope gootherbl e apparatus, for exanple a spray 30 gun, to
said mneral particles, where they are distributed and

I W ' [ ] j I
o rorpaP GBSt bt ool R0 18 BeTitebli, S ¢
iapplied tgithepurfage pkthe compogits matariab o ragure that Hiesand adhesgrto
tthesurfeee cthé lapplidatidnrof thet sand sbduld beeffeefeabbefore suring of thecepexy
Ne&in Whohiyigle and defects where no epoxy resin is present
cannot Dbe ruled out. Furthernore, where | oosely
adhering inpurities, such as sand or earth, 35 are
prygiesired sands mayig used. Jhess maxbewaturat spndon Bydhelis send, skHeh
rdsrsigedanp @f Eushedissldgsamde  anot her and hence with the
stability of the conposite material. In conparison,

en the mneral particles are mxed together with the
ma@fﬁe%?%?mbﬁe@mém%'saﬁe% he epoxy resin in a
mxer, it is also possible to use those m neral 40
PRbetpaftlcRSsixbf ¢t Stadendyaanalihirh@ioe limitd TheRHRickisES i®preferably

t.hej f T i . ed f
1BlcuB0pAY Bnoq i00m S Pl o (€, e Rl Ao S o
H06:Q.2 murmeriurp gandravingarariicle $ze0ff2-B Here 8d/ghgparse sand
tHaeing faqaetictzasizenas Ol65210 evm argmeferablyaisadlhesi on of t he

m neral particles to one another. In a preferred

odi nent. of the t hod accordi to.the invention, .
SR ?Iéh%saggmv R AL s fabel e Dripdsimadi i
rdbetantially covgresk Bulrblockags ofithepasesef thaimelding dogs netiascur. The

Sand Rqgefelably 2ppIEd if ahiapdudtiof frb@ 238 akgara ke heldiag.f ect ed
before curing of the epoxy resin is conplete. Any

si red sands rrafy be used. These ma% be nat ur al s&Pd, r
SyRSARY Fesultsip geinferrement s thescontagtpainis hetyeen g Jpperakpastsles.
ganttiermone, dhepsantddmprodessth ki pretaction @il tetcempasité mateniad.ed.
The particle size of the sand may vary within w de

[, rticl | ze | k0 .
JEvbit S ed BobicBaBy B i The datfgmént o ad iganisms,
I8 AyPlants apd meseess Py thegpmppsitggualerial digiribyied; This Havibe
aavamggedup doitaxamples when distributing thebcampoaitedrmaterialdanatares and
%H%é?ﬁb]ﬁﬁn?erag.i cle size of 0.6-2.0 mm are preferably

used. e anount of the sand may be such that the

surface of the conposite material is
The ratio of epoxy resin to mineral particles is chosen so that sufficient strength of the

composite is ensured. The exact amounts also depend, for example, on the level of the
stress of the composite material on the respective bank sections.

Since, in the case of the composites according to the invention, the mineral particles
are bonded to one another substantially at the contact surfaces, gaps form and the
composites are water-permeable. Consequently, the energy with which the water
strikes the composite comprising crushed rock is better adsorbed by the escape of the
water in cavities and does not lead to destruction of the composite material.

In the present invention, banks may be understood as meaning the banks of streams,
rivers or canals. Furthermore, the banks may be shores of lakes, reservoirs or coastal
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20 substantially covered, but bl ockage of the pores of
the nol ding does not occur. The sand is preferably
ﬁﬁf"ed in an anount of from2 to 4 kg/n2 of the

The sand results in reinforcenent of the
contact points between the m neral particles.
Furthermore, the sand Inproveg the UV protection of the
conposite material. 25 The rough surface produced by

£ $RStiNS R Sea% AReLBay heflatsheres rapes.slams; plANRIMSQs evpesTs,
skigtheasorp) Hilisides @and siopes &8 examplé irclandsoixisg ared natiedtu@l or in

%&Br’ftélh wrRds, chRibe stbMiz&fanddvarat 8¢ ﬁ@ﬁeth&@éco%?‘oﬁ{mb &he

?ﬁstrl buting the conposite material in nature

onsé vation areas. 30 The ratio of epoxy resin to

m neral particles is chosen so that sufficient strength
oA further passibilitySort isingthe method dccofdiisg rxths tnvaﬁtbbl g far the peotection

d&%ﬁﬂg?reg‘%:cﬁ)&ﬁgﬂe%nt Qf‘leéa $i\"ﬁ\lvzlat\gllfe fr -cglfggt%lﬁﬁstﬁ%cé he
STRRG Thi i HodecsiGon & meatingJ5 g%nea@gg?@*fargmwa of bR igiing

i Wenst Inmnmculaeofmtrnem Hotipras, igendrally in theccalse ntisitpng watemeurrents in

apolladectdnl Stratjubhtd] diso A briddeepis8NiRGé tHelbiriaBéns 8 Backed by

f(@ mw E\.ﬂre‘ﬁi&e the%&a%ﬁe?‘d Jilgtgr r% %%ﬁ\% CBF@JEE {ar?d the s¥bseﬁuent
nse W 't

tfeng r%%f%‘? e ESRPEI %ffﬁags torhedpiend. f°6€1@"i‘l§e ﬁ'égleeﬁase of

astipporbirgipiltars bhipridge pigpeofsiea bhidges\waiater bridges anvd/ o1 flogtirgiztidges,

dRRRs, @eéhh SERALIRD sglﬁﬁi\,'/rgél&\ta'té?él bRbt hE&ings BPAS idbsksPidRkys boat

°§nﬁﬁ§ %ﬁél ﬁrﬂang r@ ,Scﬁs ergrﬁénspaﬁﬁﬁk@lg n;au)éh ?S wﬁﬂighorwﬁ %ggllﬁi%ns

FertmEKeTDlighthpusesioa measyriag ptagomh%oeiwwwr stations, tunnels
repies/oi rs or coastal PF 58069 6 sections of seas.
They may be flat shores, slopes, dams, platforms or

' i d d sl f I
i e R e e A ki
oaahamieg@uam isezneoldingsiordisst to wix minenahrartigieswith the bwdjstﬁ@mg
tdnipbRents BMBE P&y redin, Andnltb bply theanistuld frdnh Yhefrbikerlmito the
td?e%.r&ﬂa%rﬁé’gn@&ugﬂ "uf'éd?@ {ﬁe%g%!i\&ﬁkﬂ\bﬂ%&é %e'désuieg{ ar%&‘f% an area
DRI ' PreseRtaR loestAaE e CHAPe T s iog cb hed ygisting
Tdonponentsioidbe spaxy desirsinrtiia appligationveduldlegisavivantagdous lsince,
m@hﬂ‘t@ 1o w&tEErrngJ/é?H\ér? ﬁnc{ tH@tb‘éB)?ancy Qhﬁ{a{%ﬂr@%ﬁ?ggmc@f Fg ﬁ{ns
W'fﬂr@qﬁg{?ﬁg@ﬁg 8‘6‘?){%@'"‘3@?%@@% ly also at bridge piers,
where the foundations are attacked by
The geometry of the composites installed to prevent subsurface erosion depends on
the respective currents.

The composite materials for preventing subsurface erosion can be installed both
directly on the structures and remote from them, depending on the currents.

Owing to the open gap system of the composite bodies, which can absorb
hydrodynamic energy so that the wave and flow energy collapses and consequently
leads to substantially less subsurface erosion, damage to structures can be avoided
and the load-bearing capacity of supporting and construction elements can be
increased.

A further advantage is that repairs to the composites can be carried out in a simple
manner.
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rotating currents, the so-called water roll, due to the

congestion and the subsequent stronger gradient. The

s%_ms effect Is to be found, for exanple, in the case of
8069 ng pillars or bridge piers of sea bridges,

wat er bridges and/or floating bridges, docks, such as

fI oating, solid breakwaters, poat mporings or dry

cks a boat 15 hou e bank IIs

RS R e BB PO PO AR PERSAR e e Strthg
i qwtpaneras whieh curede givensplicplastics. ITha Plasticscate mefqre@hs eermpagt, i.e.
they damiprise vinydkyoed suzés. iCompanse iwith icallulariptastits, Borapact pRstics are

Fﬁlétﬁgmsﬁéb Sﬂﬁeé’(é% &fa:nfagl <tdbil V\@f BHBSI('-:H v@t‘fhl %% %7 fesin may occur
F35 g OsAaral ML Hpdiever hevispows s faes par ey

the liquid starting conponents of the epoxy resin,
tIh@fditiéh, awpbmfetme iithetpidsBcs 4ré RydrBshdbick &S a%bdntOdédP&at.on of

%}ﬁébfg@&s%&gﬁe@&gr Igﬁg)rg&eaure the epoxy resin on site.

area i's area which is present at |east
partly under water. The distribution of the liquid
st dret cantext afdhip dTvention, efoxy resins@ox yndeestood asmédriirgg polymers
6Wrﬁ’éH é‘f@*obféﬂwe%wr%gtfﬁanﬁjb ShAFbUAGE cHIspRding % O6ife gr%ﬁpé’WaﬁlQesieo

5 oY Bk aBRmyh Sfipls %JUP%%Q%@%W RSP S EPoxy
pasins escerdingitndhejiavrntion pregrrefersbly ebtaingdiby @slypaditien witiosuitable
ueng8gertsibsur f ace erosi on depends on the respective
currents. 30 The conposi te materials for preventing

ace erosion can be installed both directly on
T b SRS amarang SO BIHPS i ROmROHEIcHTal ave
deast byn epoxidegrovys aod atediquid @hragatemperatune. dtf is alse possible to use
GRIRTDASE OF GiffeRMt &ﬁnpd@hd§€bn¢;ﬁi§u:€*§§&t‘& grouply thexdyddnipoGnds are

ALY 3o AbE iR A0l 1 PREK e (B AR ng

éip%'ﬂ%EmUB%Wﬂ'ﬁE is; hydeaphotie. (Rusk hydipphekic oeBIPaRRs asp abtpiRgd, for
|exactplecby congensatiars reagtian of bispheanot A ngbigptbnoldhwith epithiarnhydrin.

eﬂh%@%rﬁ &Kbs Bsh b%ﬁ’s‘éﬁ‘?mﬂ:allﬁgr 8 rhikiufdaer advantage i s

hat repalrs to the conposites can be carried out in a
impl e manner. PF 58069 7 As described, the epoxy
rlégn embagiment BwaUrap pEaboeraensioagshivshebiacompelnds comprising

Setpamue B@ups AP SEILEhSsifdbie iy deaphic compoures Soprikiny epdiides .
\}{F&{ eﬁsﬁée%sTﬁés% r@&%@@f@&ﬂrﬁggﬁﬁé@ﬁ& bob a’?w%fi bymn%)ﬁu&ﬁl:jgﬁvdrép%mc

GEoHps atto Fewuin Shain pEe GPEPRUTG FPERELNS SPAEE
roegipaundsaind pradesdastiyr. th&pileparationtherdediare ldisclopak fone&&nple, in

PYA-9C08882 and JP-A-7-304853.

Curing agents used are compounds which catalyze the homopolymerization of the
compounds comprising epoxide groups or which react covalently with the epoxide
groups or the secondary hydroxyl groups such as polyamines, polyaminoamides,
ketimines, carboxylic anhydrides and melamine, urea, phenol and formaldehyde
adducts. Ketimines, obtainable by reacting a compound having a primary or secondary
amino group, such as diethylenetriamine, triethylenetetramine, propylenediamine, or
xylylenediamine, with a carbenyl compound, such as acetone, methyl ethyl ketone or
isobutyl methyl ketone, aliphatic, alicyclic and aromatic polyamine compounds and
polyamide compounds are preferably used. Ketimines or compatible mixtures
comprising ketimines are particularly preferably used as curing agents.
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5 and are generally not critical. However, they should
as far as possible be mnimzed. |In addition, it is
qép%fr ble if the plastics are hydrophobic. As a
degradation of the plastics by the water is
suppressed. 10 In the context of this invention, epoxy
resins are under st ood as neam ng polyners whi ch are

P Tl aeive bl 353 £ B8 RO e oy TP oL o
&] i Sib? é‘lcEﬁft'Wfb(g’é?fﬁf@bUﬁfoﬁd {irde 1.4dt i on. Epoxy resins

accordlng to the invention are preferably obtained by

P r ,lifP B rioﬁH:iJo BndsompRSing'8 dubs and the curing
re - ¥ﬂﬂ1€&ﬁdqﬁty"§ NS S '%r'gs T 20l Biegerts,

amay be aqisﬂed irethe preparationpithe Bpexy redins. Sgcraad;imvp@seu Knbwn tothe
YeRson kifddinae &t di fferent conpounds conprising epoxide
groups. These conpounds are preferably hydrophobic or
the m xtures conprise at |east one coqpound conpri si ng
»Agivg?)tagﬁscfg eﬂ?’&’dg@"@ﬁ?%’d’q@oﬂﬁ‘ﬂ’é R§Rceording daqthe invention are
Hovel casp ot easyquoqessatiliy efitiee stbiting oardponieots of theaappkieresioy Thus, in

QW&SE@S@“’I Ofﬁr & d, Qﬁ'tu@li 8% v%ﬁbl@.r%ﬂlch%r@ ha2¥r§dR @6 Réalth occur.

“f-‘Hth%%ba' A LB BB ey rddiig adgw
ofscasityy withothe iresylt chah they 6am be pesily miesyitidhe mrnsra' partgles and
a0 bb @Geor@iricHlg m&dré\d Fetthereivartadesalb bpoxy yebinpiedicomposite

“Hé" PP SRV . SO oot g AR08 HaRion H16 6 wes
h

ilic groups into the nmain chain of the conpound
conpri sing epoxi de groups. Such conpounds and
processes for the preparation thereof are disclosed,
for exanple, in JP-A-7-206982 and JP-A-7-304853. 30
Curing agents used are conpounds which catal yze the
honopol yneri zati on of the conpounds conprising epoxi de
groups or which react covalently wth the epoxide
groups or the secondary hydroxyl groups such as
pol yam nes, pol yam noani des, ketim nes, carboxylic
anhydri des and nel am ne, urea, phenol and fornmal dehyde
35 adducts. Ketim nes, obtainable by reacting a
conpound having a primary or secondary am no group,
such as diethylenetriamne, triethylenetetram ne,
propyl enedi am ne, or xylylenediam ne, with a carbonyl
conmpound, such as acetone, nethyl ethyl ketone or
i sobutyl nethyl ketone, aliphatic, alicyclic and
aromati ¢ pol yam ne conpounds and pol yam de conpounds
are preferably used. Ketim nes or conpatible mxtures
40 conprising ketimnes are particularly preferably
used as curing agents,



10

15

20

25

30

35

40

PF 58069 8 The ratio of reactive groups in the curing
agent to epoxide groups is preferably from 0.7:1 to

épf'%qggparticul arly preferably from1.1:1 to 1.4:1.
P nore, in addition to the conmpounds conpri sing

epoxi de groups and the curing 5 agents used, further
addi tives, such as solvents, geactive diluents, fillers
and nments, may be added in the preparation of the
i Sﬁg"\gesi ns. Such additives are known to the person
skilled in the art. Advantages of epoxy resin-based

gggﬂzﬁ%ﬁofxﬁétﬁggzi@g&ﬂfs‘ébm tbﬁnl@1 ﬁlllél@é/seéﬁd' Hpedl & sirgcthl‘éw
COS S 2F e dotan i St whibrs Wherog B B, b FRGEE S Hiops
exanpi the styiatyre & $tgbilized ang secsiradiyciompositesoepdsiog an epoxy

heal {linfr@Ubose nhikdrhiRHERIse, M xtures of the liquid
starting conmponents of the epoxy resin have a | ow

viscosity, with the result that they can be easily
rd. x eGhevinethod laecandiing tosdlaip drari2c wesreianie logsamineral particles have a

econgpd g@idny0.ARé 86 84 Further advantages of epoxy
resin-based conposite 15 materials are the high

strength, corrosion resistance and good adhesion even
ch wElre method acepsdingPio dkn d9wherelnghe camppsitds aggordingtto glafmo

st abjfel pzédwe@mamﬁw hBd Lhdi%ﬁlng BbnpsrieffSof etk RBH to the

I
o Sk 5 A B R LTl 08 o

t he structure is stabilized and secured by conposites
CR NPT heSmBod BeRdNY to difh '3”wﬁé?6m|s§ﬁc$ 1B apblit’f ta hh@ﬁfrlhb& biahe

2. The net ho accor dj [

F oos o) Fitaghep e appidion 860 B b fomlisEnG o etey
cm TEgIn3o then‘emﬁret pasirlesangrbefongthe sudngefine epaxfiessii.n t he
conposi tes according to claim1l are produced by

B0 YA Helnfd abetihd olei P, GEEPRR b e g oy of
r esi the epexyesimiaee ml%@ the winetl perticies ey @inﬁgsmnm eéthles and
san dnqu&i Srhd @ﬁn;tdheﬁtb of thele E@@&egﬁ it ARixePANK Yok BiBEHErging the

afte Lecation of the liquid starting conponents
of th@‘{ué%S%#' 9§gmr§hqrgx%e m neral particles and before
the curing of the epoxy resin. 5. The nmethod according

taf.a s metBo® BecbrdingieIcRiir 5! Rich is@eirdd SLttiditmgseconponent s
0

7. The method according to claim 5, which is carried out continuously.

8. The method according to any of claims 5 to 7, wherein the mixture is applied to
the bank to be secured, the hillside or the slope to be secured or to the structure
to be secured or at a distance from the structure to be secured.

9. The method according to any of claims 5 to 7, wherein the mixture comprising the
mineral particles and the liquid starting components of the epoxy resin is
introduced into a mold before curing of the epoxy resin and is cured in this mold to
give a molding.

10. The method according to claim 9, wherein the moldings are applied to the bank to
be secured, the hillside or the slope to be secured or to the structure to be
secured or at a distance from the structure to be secured.



20 the epoxy resin are applied to the mneral particles
by m xing mneral particles and |iquid starting
conmponents of the epoxy resin in a mxer and then
$h§&ﬂg%ging the mxture obtained fromthe m xer. 6.

e hod according to claim5, which is carried out
batchwi se. 25 7. The nethod according to claimb5,
which is carried out continuggsly. 8. The nethod
according to any of clains 5 to 7, wherein the mxture
i'd. afethayl ToostaRilzingrag|seeying daskse b'ﬂ%ﬁs gneesiapes, whegein gr
t he sdropeité acdosdisgoungdi claimsa tb Ads rbdutet by appiging tavsb enineral

secu [ : .

cecup et othe bark 15 bOREAC] RV IE ) Salio,
7, WRIPRANANE 9ENRi PP @SB onpri si ng the i ner al
particles and the liquid starting conponents of the
epoxy resin is introduced into a nold before curing of
the epoxy resin and is cured in this nold to 35 give a
nmol di ng. 10. The nethod according to claim9, wherein
the nol dings are applied to the bank to be secured,
the hillside or the slope to be secured or to the
structure to be secured or at a distance fromthe
structure to be secured. 40 PF 58069 10 11. A nethod
for stabilizing and securing banks, hillsides and

sl opes, wherein a conposite according to any of clains
1to 4 is produced by applying | oose mneral particles
to the bank to be secured and then applying the liquid
starting conponents of the epoxy resin. 5



