2 7 NOv 2002 METHOD FOR SEALI NG POROUS BUI LDI NG MATERI ALS AND BUI LDI NG
COVPONENTS The present invention relates to a nethod for sealing porous
building materials. In the following, the term "building nat%aZahé" bi
understood to relate also to building conponents (e.g. brick I V 20
pillars) consisting of such building materials, as well as building
structures (e.g. bridges). Furthernore, the invention relates to a

seal ing conposition and in particular to its use in conjunction with the
present nethod. The field of application includes all types of porous

bui | di g RYer Gk Ss ERRANITEBYOREU S NBETHIAGIC WADERT Anisd ANBOBUDGITN @,

bui | di ng conponents in contact with soil are in direct contact with water
present in the soil. A distinctogponEN®Esle in this connection between the
followng |oad cases: Soil noisture (water present in the soil that is
capil l ary-bound and can be expelled al so against the force of gravity).
Non- pressing water (e.g. precipitation water, seepage water or tap water
in the dripmid epteéesent foventibincrelatesy NOR 2062hodx Eots sgd long
tenporarily only |ow hydrostatic pressure on )

porous building materials. In the following, the term

**pbuilding materials'' is understood to relate also to

building components (e.g. brick walls, pillars) consisting

of such building materials, as well as building structures

(e.g. bridges). Furthermore, the invention relates to a

sealing composition and in particular to its use in

conjunction with the present method. The field of

application includes all types of porous bullding materials

that may be in contact with ligquid.

For example, building components in contact with soil
are in direct contact with water present in the soil. A
distinction is made in this connection between the fellowing

load cases:

e Soil ‘moisture (water present in the soil that is

capillary~-bound and can be expelled also against the

force of gravity).

¢ Non-pressing water (e.g. precipitation water, seepage

water or tap water in the drippable-liquid form, which
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the sealing). Pressing water (permanently exerts hydrostatic pressure on

the sealing). Building components that are in contact wi J
. . ) . pone wth soil, are seal ed
in conjunction with new building structures within the franeb\(?r&&\/fmﬂﬂe
raw construction nmeasures, as well as later if the building substance has

to be repg%é%@s and 4o tgﬂgg€§%ip@ Mip seal hpgrvstktibaprbasubeeancarried

out in a €Cti ve manner hin the framework of new construction

neasur es, e .g. of brick j Oi ni [
_ tneey $n§¢.9. O rick work adjoining the soil) are flatl
applied externé#?g oé installed in the bearing joints of t%e rising Y
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i mpl enent . : constructional design as well as
aSSOCIatGESU%%%W§%al§§ ?Qt!ons are specified in DIN 18 195 "
Bauwer ksabdi chtungen ' "[Buil ding Structure Sealings], Parts 1 to 10,
Berlin: Beuth Publishing conpany; and in the ibh-Specifications "
Bauwer ksabdi chtungen mt kal tverarbeitbaren, kunststoffnodifizierten
Beschi cht ungssi ofifiely auinpgtesirst s obhat t amenénuicoind@ett "WifBusPH} ngTStructure
sealings with go!d-prpceSS|bIe,.plastic- modi fied coating substances based
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the framework of the raw construction measures, as well as
later if the building substance has to be repaired, and in
connection with #ealiné work that has been carried out in a

defective manner.

Within the framework of new construction measures,
sealings (e.g. of brick work‘adjoining the soil) are flatly
applied externally or installed in the bearing joints of the
rising brickwork as a so-called horizontal barrier. Both
measures may be implemented jointly as well. The
constructional design as well as assocliated material
selections are specified in DIN 18 195
* pauwerksabdichtungen'' [Building Structure Sealings],
Parts 1 to 10, Berlin: Beuth Publishing Company; and in the
ibh-Specific&tions ** Bauwerksabdichtungen mit
kaltverarbeitbaren, kunststoffmodifizierten
Beschichtungsstoffen auf Basis von Bitumenemulsionen''
[Building structure sealings with cold-processible, plastic-
modified coating substances based on bitumen

emulsions] (07/93), and ‘* Bauwerksabdichtungen mit




zenment gebundenen starren and fl exi bl en D chtungsschl anmen [ Buil di ng
structure sealings with cement-bound rigid and flexible sealj ﬁqN@Wq%gZes]
03/92''. The publisher in each <case is the Industrieverband Bauchem e  and
Hol zschutzmttel e.V '', Frankfurt. Sealing neasures inplenented at a |ater
time aggme%%gaebﬁﬁ@gnegarsrtia%autufxar ke jpareospiohtungssghlépaiens because
of m ssing or”  on defective horizontal barriers, and, if need be, are

carri edpayt dihF Pt vAetueR W4l Anyer kiieal demeherbolochtelybd ahd inside
At the'time repairs are made, the outer zone is normally not accessible or
only wetBysuhsd agédaingxpenditise] Thegoodd @sespdeiishbedlheedich are in
the sanme sense applicable also to building materials and buil ding
conponeaks tikattlae e NDhhdustcdevextbandhBayidhemid widch may cone into
contact with water because of the environnental conditions. Building
conponBnilg stdiatt zmbttalcentvddt, WxankéRFtand consist, of water-inperneable
concrete (W-concrete) take up a special position. In these cases, the
work joints (e.g. wall-soil interface) are seal ed, for exanple by

injection wthin the franework of the raw.bui ldi ur. er, field
ofJ appl i cat P& EME “fecﬁs%&%?rppgpggmfn%elwaéoﬂ'%-tr%r ?t?%%t iag'r?’c?fa@r &i n:‘ or ch

.concrete.,against_.cofr
rules

carrie éﬁ%(¥5pythe purpose of making repairs because
of missing or on defective horizontal barriers, and, if need
be, are carried out in conjunction with a vertical barrier
located on the inside. At the time repairs are made, the
outer zone is normally not accessible or only with

substantial expenditure.

The load cases described herein are in the same sense
applicable also to building materials and building»
components that are not in contact with soil, but which may
come into contact with water because of the environmental

conditions.

Building components that are in contact with soil and
consist, of water-impermeable concrete (WI-concrete) take up
a special position. In these cases, the work joints (e.g.
wall-soil interface) are sealed, for example by injection

within the framework of the raw building measure.

Other fields of application are, for example:



repel’ling water or chloride solutions (see also Korrosionsschutzprinzip W'
[principle of protection against corrosion] according tq " Richtlinie fur
Schutz and | nstandsetzung von Betonbauteilen Teile 1 bi 4k NOV (2682 del i ne
for the protection and repair of concrete building conmponents], Berlin:
Deut scher Ausschuss fur Stahl beton, DAfStb, 1991-1992) Protection of
porous building materials against environnmentally hazardous |liquids (e.qg.
bui l di ng , €O S ryi rry 5 {3i

r&f??%ggﬁgk of e f3§c%EFQﬂ9ﬁi¥e@@ Al Fnst 988 r¥odtil i oy

col | ecti s'etc.)” ate of the Art The current state of the art

with res .Lhe.pr [ L N PARQeHPUiddingiemterial s and
buiIdingggﬁa%%géhps%%fg%ig?eghﬁﬁﬁﬁééfgflomﬁng tagle. 4 2 7 NOV 2002

SEALI NG VEAGLIRRUT ERL S VT KPS, { Eyanple9)o:5b0 L pg s2gal vt etover L cal

sealing- Thic itunmen coating (against soil,(surface coating with New
bui | di ngsfd 8t nappkiogatdiyspabgcarding to ""Richtlinie fur Schutz

-------------------------------------------------- Hori zontal sealing -
| nsertiommd bhsuamdset plast vorm@stombabtadileg Tolhe &f PAS &kMor k.
[Guideline for the protection and repair of concrete
building components], Berlin: Deutscher Ausschuss fur
Stahlbeton, DAfStb, 1991-1992)
- Protection of porous building materials against
environméntally hazardous liquids (e.g. building

components serving as secondary barriers - gas stations,

collecting troughs etc.).

State of the Art

The current state of the art with respect to the practice of
sealing porous building materials and building components is

listed in the following table.



T e R Later sealing of Joint
strips set in wrk joints concrete. (W-concrete) Insertio f swelling
strips prior to concreting Insertion of injection hoses p;}I 2rN@‘v§ 2007
~concreting; injection of polyurethanes, mcro-concrete suspensions or
simlar materials after concreting. Repairs (new and old buil dings)
Vertical sealing (on side of inner space, flat application) - Flexible or
rigid SERTNEOMEASURET | €5 - VAT er -1 TpeT MEQp fE RPAEE M TRODS (Examples)
------------------------------------------------- Hori zontal sealing -

Hor i z o7 GOLSd1a8 t /Wgdagd . Wt rater rnstarratron or €. g.
pl astic-relnforced bitunmen webs.

Vertical sealing ~ Thick bitumen coating
(against soil, (surface coating with
New buildings flat application) spatula).
- Horizontal sealing - Insertion of bitumen or

- plastic webs in bearing
- joint of brickwork.

Later sealing of - Joint strips set in
work joints concrete.
(WI-concrete) - Insertion of swelling

strips prior to concreting
- - Insertion of injection hoses
- ' prior to concreting:;
- injection of polyurethanes,
- micro-concrete suspensions or
- ' similar materials after
- concreting.

Repairs Vertical sealing - Flexible or rigid sealing

(new and old {on side of inner slurries

buildings) space, flat - Water-impermeable plasters
application)

Horizontal sealing - Horizontal cutting method
with later installation of
e.g. plastic-reinforced
bitumen webs.
_ - - Corrugated stainless steel
¢ - sheets rammed in.
- - Bored hole injection
- method (pressure

or pressureless application
- of water-soluble or solvent-
- containing materials)




-, Corrugated stainless steel sheets ramed in. - Bored hole injection
nmet hod (pressure or pressureless application of water-soluble or solvent-

contai ning material s) 7
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""" f&'aliﬁg"agéirfs't'6EHe'r.'1i'u'i'd'5".""""""'".'""""""""""' New
and old__Buildings-Vert.ical--seal4ng---F-at-coattng-Eseverat--(wal | .
surfaces) layers, as a wdkg)cal sealing - Flat coating (several
-------------------- - - - {(wall surfaces}------layers, a3doprigtal sealing -

(bottom surfaces) Flat ceati-rg-{several---tayers;--as-arTute)j;-taking into
accountewagierjwatie non- skbdizpnakl tspalinsi st Bricecedrin@alsePRAtonbi nation with
fused Hviitadmans webs, if ribetrompeuyidseslal so Jsj{ééﬁala%ﬁiaﬁ;@é)' taking

1

© account quate non-
skid quality, resistance
to wear; in combination with
fused bitumen webs, if need
be (see also special bridge
sealings)

The above overview shows four important procedures

employed for sealing building components that are in contact

with soil:

(1) The sealing is applied to a substrate (concrete,
brickwork etc.). With a sealing arranged against the
soil, a ‘“positive hydrostatic pressure'!' is assumed to
be the load case, and with an arrangement in the inner
side a "negative‘hydrostatic pressure''. The materials
employed in this area can be subdivided in three groups

(FIG. 1): Impregnations penetrate the space of the

pores to about 1 to 30 mm and act through a change in
the surface properties of the pore walls without

filling the pores or forming closed films (FIG. la).
Sealings penetrate the space of the pores to about 1 to

3 mm and completely fill said space and coat the outer



“seal 'i'ngs) The above overvi ew shows four inportant procedures enployed for
seal.ing buil ding conponents that are in contact wth soil: 2(}) ihez al i ng
is applied to a substrate (concrete, brickwork etc.). Wth"a s% YiH@f

. arranged against the soil, a ''positive hydrostatic pressure '' is assuned
to be the st@aflacaser end wuibddngamaaegdarntviith whehinneilmsi(daca
"'negative hydrostatic pressure ". The materials enployed in this area can

be subdi vi ded) i nCdateiengs odps nothl Gr 1pnlynpregnatioms Pgegeerat e t he space
of the pores to about 1 to 30 nm and act through a change in the surface
properties pénehaayi® el by indimsutmateripdg SchporeatsnItodfitng cl osed
films (FIG la). Sealings penetrate the space of the pores to about 1 to
3 nm and coipreughy af qaatddiy Ypatke aRdtesasurhecsuPrdr the2brifgyn9002
surface of the byilding material with a thin film(FIG 1b). Coatings do
not, or onlHREET&a n@%%egi‘@é' penetrate the building material. Such
coatings act through a coating on the outer surface of the building
material (FIG 1c). (2) The sealing is installed at a later tine by

injection §1.a5830 ¥y FACK {90! PLal TRELMRARIG QAN &P WY Ection
in a gap or crack (water-impermeable concrete work
joint or the like), whereby the gap or crack is filled
with a sealing material, but the pore system of the
building material remains unaffected to the greatest
possible extent.

The sealing is installed at a later time by injection
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in the pore system; the pore system of the building
material is filled to the extent permitted by the
solids content of the injected material and the depth
of penetration. As a rule, the materials used
heretofore cannot completely f£fill the pore system after

they have cured.
(4) The pore system is mechanically severed and partially

replaced by impermeable filling bodies.

"Not all procures can be applied to porous building

materials and building components that are not in



joint or-the like) , whereby the gap or crack is filled wth a sealing
material, but the pore systemof the building materi al rengi?s unaf f ect ed
to the greatest possible extent. The sealing is is install&d/ 240\ 2082 er
time by injection 111 in the pore system the pore systemof the building
material i sCPAtRASE tltheteet 8ALLpOlE tMast by ihecontadtiswibhteatenf the
injected material and the depth of penetration. As a rule, the materials
used her et BFoPFRENNLL IR RSFJUERI PL H PRV Eyena@dider  they have
cured. (4) The pqre systemis nechanically severed and partially replaced
by i nper meaBPEHY19RY - bodi es. Not all procures can be applied to porous
building materials and buil ding conponents that are not in 7 2 7 NOV 2002
contact with the soil but may be in contact with water or other |iquids

becaus rguggyi ny rgggege%rec nﬂg% Qns, Drawbacks of the current methods
Seal i | di ng conponents on the inner
side requires both special materials and constructional solutions that
permt absorption of negative hydrostatic pressures, i.e. to withstand the

Sealing porous building materials and building
components on the inner side requires both special materials
and constructional solutions that permit absorption of
negative hydrostatic pressures, i.e. to withstand the

-tensile stresses exerted by the acting hydrostatic pressure.
Special coatings that are impermeable to ligquid are often
applied to the brickwork in several layers up to several
"centimeters thick, or "“WI concrete troughs'' extending

across the entire soil-contacted range of the inner space
are employed. Both methods require very high expenditure

with respect to material and labor costs.

External sealing against water is carried out with
bituminous materials. In this case, preferably so-called
thick bitumen coatings are used that are not resistant to
external mechanical influences. Such coatings are
characterized by high material costs. Damage may be caused,
for example by pointed objects (brick frgcture etc.) that
perforate the soft bitumen compound when the construction

pit is refilled. Since the coatings do not £ill the pore



tensile stresses exerted by the acting hydrostatic pressure. Special
coatings that are inperneable to liquid are often applied ztz &6§e@béckwor Kk
in several l'ayers up to several centineters thick, or "' o

troughs'' extending across the entire soil-contacted range of the inner

space sgkBe€NpheyedilBahly MRitRedalr aquids- iy Hdte axpandiddingtap th
respect to material and I'abor costs. External sealing against water is

carri egroghanMddat bhudish@usmadeerials. In this case, preferably so-called
thick bitunmen coatings are used that are not resistant to externa
mechani cal influences. Such coatings are characterized by high materi al
costs. Damage may be caused, for exanple by pointed objects (brick
fracture et EXtdimal peefldraie adhaissftt drivtimenmentpddyd hdwardbas
construction pit is refilled. Since the coatings do not fill. the pore 8 2
7 NOV £boidspacee phedupegd ditmgthet era d% evsely| goadddssi bl e to water

if the coating is damaged. External sealings against environnmentally
hazardous fluids are produced in the formof costly coatings.
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Constrjgi 50OBf injection. Materials known heretofore that work on

the principle of pore-filling are not capable of filling the

pores completely (cf PLEYERS, G.: “~"Is Pore Constriction

Suitable For Reducing Brickwork Moisture Due to Capillary

Rise?!'' Stuttgart: Fraunhofer IRB Publishing Co., 1998 - In
Annual Repcrts ~“Steinzerfall!' [Stone Decomposition] -
Steinkonservierung [Stone Preservation] Vol. 6, 1994-19%6,
(Snethlage, R. (Ed.)), pages 157-163, 1998). The results of
a completed research project show that all injection
materials currently available on the market for the purpose
of sealing against water are unsuitable for later sealing of
water-saturated brickwork (cf SASSE, H.R.; PLEYERS, G.:
Reduzierung von Mauerwerksfeuchte - Untersuchung und
Entwicklung chemischer Bohrlochinjectionsverfahren alé
wirksame Horizontalsperre fur den nachtraglichen Einbau in
Ziegelmauerwerk [Reduction of brickwork moisture -
Investigation and development of chemical bored-hole

injection methods as an effective horizontal barrier for

later installation in brickwork]: Aachen: Institut far



Sui t abl e .For Reducing Brickwork Misture Due to Capillary Ri se?"
Stuttgart: Fraunhofer IRB Publishing Co., 1998 - In T Y | 2? Lgﬁg. i's
+ 1'1n11 Steinzerfall" L -stone Deconposition ] Steinkonservi UNQV[ ne
- Preservation] Vol. 6, 1994-1996, (Snethlage, R (Ed.)), pages 157-163,
1998) . Bahef aeschtsgef 193 TonpReted rods s sbxr Pr Npects sshow $ hat, alRp i nj ection
materials currently avail able on the market for the purpose of sealing
agai nsPudtieshiie Compahabl eAbonid dtay tseabé ngsstmedat ar ceaaing et Bsh
brickwork (cf SASSE, H R ; PLEYERS, G : Reduzierung von Mauerwerksfeuchte
- Unt evétibhsegling WEﬂrﬂwwtblaltung cworE sther IRdtent doienjtgdt answetrdmhren al s
w rksane Hori zontal sperre fur den nachtraglichen Einbau in Ziegel mauerwerk
[REdUCFFGNnﬁt?ﬁIERﬁﬁrﬁﬂﬁﬁ%ﬂLﬂ%s tpnlestd et t onltihdatietbeoprieme aof
chem cal .bored-hol e ﬁJECtI on nethods as an effective horizontal barrier
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done ageg%l%tgertééﬂ@oigag, a water- saturated pore systemhas to be dealt
with at t T me an

Problem of the invention

e The problem of the invention is substantially the sealing

of porous building materials and building components.
e All commonly used building materials are taken into
account, for example materials such as

- cement-bound building materials such as concrete
materials, mortars, pumice construction materials, porous

concrete materials and plasters;

- brick building materials such as highly perforated bricks

and solid bricks;

- lime-bound building materials such as sand lime bricks,

lime plasters and lime mortars;
- natural stones such as sandstone materials; tufa

material.

e All considerable liquids are taken into account, for

example such as:
- water;

- salt solutions;:

10



~injection neasure is inplenented, there is a need for efficient materials
and net hods especially in this area of sealing technol ogy. Problem of the
invention The problemof the invention is substantially ”2‘3750?@1”2@9? of
porous building materials and buil di ng conponents. Al'l commonly used

buiIdip935§%§£5glgf%gg#%ageﬂagggg gﬁgqygé,egg&rgﬁgﬂgég_naterials such as -

cenent - bo ur | terirals su as concrete natefials, nortars,
pum ce construction nmaterials, porous concrete materials and plasters;
brick building materials such as highly perforated bricks and solid

bri ck bui I di ng s S gh icks and solid
(1 oks, mld MEeDoyRg L dLpoaERt Al S, SyED AT sag | DL G, 1T e

e .
pl asters "and - natural stones sucC one nﬁ%erlals;

tufa matssd Al siedl hoeousiGeiathad i g @éés&ﬂgewii WY ACCURLy gf O
exanpl e such as: water; salt solutions; 10 2 7 02 - liquids posing a

hazard t ad hsoepyiikenmd .nedheiveahyirdesatocapaffectively in all |oad
cases specified above (noisture, non-pressing liquids, as well

¢ The materials employed have to be applicab;e by all
application methods (e.gq. brush‘application, flooding,
spatula application, injection without and with
pressure) .

¢ The effectiveness of the sealing has to be permanently
assured at any degree of underground moisture up to water

saturation at the time of treatment.

e It must be possible to employ required application
techniques and materials more economically than those
used until now.

‘e The resistance to negative water pressure has to be
increased vis-a-vis known systems.

e The sensitivity to damage (e.g. caused by improper
construction pit filling) has to be reduced vis-a-vis
known systemnms.

e In special cases, the sealing has to be suitable fof
increasing the resistance to wear of the treated building
component, and, if need be, also for inqreasing_its anti-
skid property (e.g. in conjunction with surfaces of

parking decks on which vehicles drive).

11



-as positi.ve and negative hydrostatic pressure). The materials enployed
have to be applicable by all application nethods (e.g. brush application,
- flooding, spatula application, injection wthout and with ZpT?ﬂﬁP?@?' The
effectiveness of the sealing has to be permanently assured at any ggree
of undepdraiigh n@fsthkee ppdlemat er saturation at the tinme of treatnent.
It nmust be possible to enploy required application techniques and
mat eri al s nmitaxr egenefiredling ttled pPbovsesyssad unfi ConawnlyThesedsi stance to
negative water pressure has to be increased vis-a-vis known systems. The
sensi t PUii@ itng deabgsled sg. ( RRISER DY Lespadmsre) coaseruct ambti-filling)
has to be reduced vis-a-vis known systenms. In special cases, the sealing
has t ocBBPSEaHb| B2 EBF Lailgc hedsd ngPthe uesidsrghe@hto wear of the treated
building) conponent, and, if need be, also for increasing, its anti- skid
(

proper £§) (252 ERVCOHRRRUS on( i tBPSEiPaRes &PO BERKPNGtdécKS) oANRhi ch
hi cl dri . 27NOV200. | ' f the. bl F trati th
bore. syst anf BFEc SToiy T80 TBEFT dF RERRPEA S0 LS SoBFRReasaEve) . one-

or multi- reaction after the building material has been treated;

and which upon curing have an adeguately pronounced
swelling power by means of the liguid they are in
contact with; or

(2) which are low-viscous (if possible < 100 mPa-s at
12°C):; which in the course of the reaétion following
the treatment of the building material increase their
volume, for example by foaming; and which upon curing
have a sufficient pronounced swelling power by means of

the liquid they are in contact with.

Both approaches to the solution have in common that
the pores of the treated construction material are
completely sealed, either by complete £illing with the

materials or by complete filling with a closed-cell foamn.

Materials according to approach 1 to the solution are,
for example highly fluid epoxy resins consisting of solvent-
free aliphatic, multifunctional reactive thinners, and
aminic, aliphatic hardeners, which are mixed shortly before

they are applied. For brush and spatula applications it is

12



conponent naterials have to be used which (1) are |ow viscoud XNy pgggsi bl e
< 100 nPas at 12C) and free of solvent; which formpore-filling conpounds
by reaction after the building material has been treated; and which upon
-curing have an adequately pronounced swelling power by neans of the |iquid
they apedsibrentacicoMtidyl othé2rondideaneyl awon HGUS  iITiqossibbe < 100
nmPas at 12C); which in the course of the reaction followng the treatnent
of thepasitiWily watag auitabiasedfhstringokgemts.or exanpl e by foam ng

and whi ch upon curing have a sufficient pronounced swelling power by neans
of the liquid they are in contact with. Both approaches to the solution
have in common that_ the pores of the treated construction material are
compl etel y dEdieaita &5t peeopgdingnfbicet®rndddmg e iehehesohutiean adxe or by
complete filling with g closed-cell foam Materials according to approach 1
to thef8sl lﬁ’?%?]gja?ef“wflcfrleé;(aﬁ’r%]rﬁuﬁieﬁ%ﬁ? | BF BPERORE s H8h consi st i ng of
sol vent- free agliphatic, nmujtifunctional.reactive thinners, and amnic,
aIiphafF@cm53§§ﬁn%fn%ﬁ?Eﬁ g?éwﬁf?e& ﬁﬁﬂt?@gbeYBFE fhéy 9ASPH5RY ed. For
brush gnd,s pli_gat.i it ] ' 7 . 200 sible to control

t he coﬁggglt 2’2%:;%%%% [ ghwya%ﬁu%ﬂh§g£%%s%§h%l§gi %&D%‘:}}?%ﬁl e adj usting
agentsapplication with suitable emulsifiers, or dissolved with 40

to 95 m-% of a suitable solvent. Catalysts promote strong
foaming for the purpose of increasing the volume. The
formation of foam can be promoted further by foam
stabilizers. For brush and spatula applications it is
possible to adjust the consistency from highly fluid to
pasty, for example by using suitable adjusting agents.
Furthermore, the type of application employed has to be
adapted depending on the water content of the underground fo
be treated. Such adaptation leads to a specific type of

effect of the materials.

Drv underground (absorbent, i.e. pressureless impregnation,

which is possible, for example by flat application, or

pressureless injection).

The sealing material can be absorbed in the pore system
by capillary forces, where it then can cure. An effective
sealing develops that can be improved further by admitting

liquid. The material penetrates far into the pores and sets

13



Mat eri al s accor di ng to approach 2 to the solution are, for e2<an]q0? 2002
nodi fi ed pol yurethane prepolyners with isocyanate contents between
30% which are dispersed. wth 40 to 95 m% water i mrediately prior to

their applicatipon with suitable enulsifiers, i ssolved with 40 to 95
m % of 2& ﬁuntaa‘?cf’rJeV%oﬂ/@ﬁPrecéF&%ys@? )prFnot e EIP‘F ogﬁrmf BanEn§ iP5 he

pur pose i ncrea the volune. The fornmation of foam can be pronoted
furt heFe&;’ iR Z%ggl ‘| i¥%rs. For brush and spatula applications it is

possi ble to adjust the consistency fromhighly fluid to pasty, for exanple
by usi ng sui tabl e adjusting agents. Furthernore, the type of application

I h
3rr1rge(r)éﬁ 430 i 2f gqg%tgﬂgﬁpﬁgadggfgﬁé)ne‘f eadgﬁ?%ql% thec:) |E: ?ype of

ef fect ,ob khe JTRILS | AhSreDhYt UBHERGT %l&'l(il( %‘&%@&Q@.@ flor e xRSl ess
i npr egnat| on, which i's possible, for exanple by flat application, or

pressumb%%p;fu_ecat@ah okhe1Beas L ng 1l BBiserir e €aboh¢ .absor bed in t he por e
system by capillary forces, where it then can cure. An effective sealing

devel ops that can be inproved further by admtting liquid. The materi al
penetrates far into the pores and sets 13 2 7 Nov 2002 as a nassive closure
(FIG 2a) ofhe sé¢elisgmueiter 3 bsednchle ahmanleEi GLngw) the pore

space by capillary forces and can cure there. As the walls
of the pores are wetted by a film of water at the time of
.application, an effective sealing can be installed only if

the following conditions are taken into account:

The sealing material penetrates the pore space, fills
it up to the water-wetted zone of the pore walls, and cures
in that condition. Own tests have shown that after the
installed material has cured, the zone of the pore walls
continues to have the capillary capacity of an untreated

pore system.

The water transport capability particularly of the
water-wetted zone of the pore walls is reduced to an
adeguate extent by suitable measures or their combination.
Such measures may be:

- Following curing, adequate swelling power must be

available if water is present in order to close the

14



Moi'st underground (limited absorptive capacity, i.e. pressureless
“inpregnation is still possible, for exanple by flat appli za? |mgnqzh
pressurel ess injection). The sealing material can be absorBed e pore
-space by capillary forces and can cure there. As the walls of the pores
are wettewatprrWethedf 2watecro fit thepbiree wafl 1 sappl ixaté@hingnmahheet i ve
sealing can be installed only if the following conditions are taken into
account: TH&GSealdhgahdt @k)al penetrates the pore space, fills it up to
the water-wetted zone of the pore walls, and cures in that condition. Oan
t ests havBuglhiownh qhhingft ¢he aténsial Fedoretierfirain Mase cpoed, wali@szone of
the pore walls continues to have the capillary capacity of an untreated
pore systlek NEFE NGt @¥ €hamsporl eapeabiilont yanshrd i dureckty afntdet of
wat er-wetted zone of the pore walls is reduced to an adequate extent by
sui t abl e FR&sdreLTred MBpEegditl it FBntheSharerseslit es isayctbes - Fol | owi ng
curing, adequate L g power st be available if water is present in
order to %Fgég wﬁéiés7 ﬁEv 2Rhter-wetted zone of the pore walls in a
sealing manner (FIGS. 2a and 2b). During curing, the water is renoved from
the pore walls by mxing or chem cal reaction and a direct contact of

Water-saturated underground (not absorbent, i.e. pressure

application is required).

In order to obtain the desired building material volume
it is necessary for the sealing material to expel the water
present in the pore system by pressure injection. However,
an unavoidable film of water remains on the walls of the
pores. The situation after pressure injection corresponds

with the one after injection without pressure on a moist

underground.

- Therefore, the materials for pressure injection must have
the same properties as specified above so that the final
condition shown in FIGS. 2a and 2b is achieved.

- What applies in addition is that pressure application
must not cause any excessive mixing with the water

present in the pore system.

Advantages of the invention

e The invention is capable of sealing any type of porous

building materials and building components, for example:
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the injected material with the pore walls is thus produced (FIGS. 2a and
2b) . Water-saturated underground (not absorbent, i.e. pressug$ aﬁplication
- is required). In order to obtain the desired buil ding material WONu2B8? it
" is necessary for the sealing material to expel the water present in the

POr & SYStELT, D RERSS &4 PLESHEOtha HRYFL, <th WOl dableofi | m of vater

remain-- on the e pores. e situation after presdure i nj ection
corresponglsy+ Wekh i ihe Bhieniiny ehdd O 3 & hopbrPheSsHhe raR o A1 St

underground. - Therefore, the materials for pressure injection nust have
the same groHpeetises as specified above so that the final condition shown
in FIGS. 2a and 2b is achieved. - Wiat applies in addition is that pressure

appl i cat /M c1USH 1 DOE nEAHSe e¥ 1 18X GREH W& HIYMY WelrdF diria@ Wt ciaf esent in
the pore system Advantages of the invention  The invention is capable of

sealing ayatypeiaf bpdreaes; building materials and buil di ng conponents, for
exanple: 15 2 7 NOV 2002 cenent-bound building materials such as concrete,

hortars, ijpuné<gohdielddivigi 1@ 81 abte M S ALt Landyl 1 Phastens;, brick
buil ding materials such as highly perforated bricks
lime plasters and lime mortar;

- natural stones such as sand stone, tufa and limestone.

¢ The invention is capablé of sealing against any type of
liquid, for example:

- water;

- salt solutions;

- liguids posing a hazard to the environment.

e The sealing acts in all load cases (moisture, nonpressing
liguids, as well as positive and negative hydrostatic
pressure).

¢ The materials employed can be applied by all application
methods (e.g. brush application, application by flooding,
spatula application, injection without and with
pressure).

¢ The effectiveness of the sealing 1s permanently assured
in conjunction with any degree of underground moisture up

to water saturation at the time of application.
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~and solid bricks; |ime-bonded building materials such as sandy |inestone,
lime plasters and lime nortar; natural stones such as sand st Z, bvfﬂ)?nd

| i mestone. The invention is capable of sealing against any tag N 0
‘liquid, for exanple: - water; salt solutions; |iquids posing a hazard to

t he e“VJr@B’ierhtnstJMa%eiQJrl Ngy akbanish & | :}]@ééufesgieg@%féwft %“p[]ess'“g

liquids, as well as positive "and negatlv ydrost ati pressure) .

mat eri al s @@@fﬁﬁ@ ﬁanp@%ﬂﬂﬁﬁﬁ@ﬂybﬁs%”réﬂ¥ﬂ'ﬁﬁ%t?@ul@%rgﬁg (e.g. brush
appllcatlon application by flooding, spatula application, injection

wi t hout asdreddi peeasser @)f theheeglfiaet iivenassi@hcthensealdonbsst
permanently assured in conjunction with any degree of underground noi sture

up to wated sattrrtsshuattidie gore efysapmid.cation. 16 2 7 NOV 2002 For
installation by nmeans of pressure injection it is possible to permanently

assur e o NTRPkoVERaitt Be tofd atddvenessvel EBRveaalidihil nyronigaciion with
noi st and water-saturated pore systens. |Inprovenent of t'he econony over
convent i onskusgest éRcdsse the products used are chemicals that can

be produced at favorable cost.

e The use as a flat sealing requires far less material as
compared to thick coatings. As compared to conventional
systems, the economy is therefore improved to a special
extent for this case of application.

e The effectiveness and durability in the load case

‘negative water pressure'' are decisively increased as
compared to conventional systems because the materials

are anchored in the pore system.

e The sensitivity to damage (e.g. due to improper filling
of the construction pit) is reduced versus known systems
because no applied coating is present but rather a
sealing in the pore space of the building material. The
building material protects the sealant against mechanical
influence.

e In special cases, e.g. in conjunction with surfaces of
parking decks subjected‘to vehicular traffic, it is
possible with the sealing as defined by the invention to
satisfy in addition to protection against corrosion the

requirements with respect to resistance to wear of the

17



~ assured because the products used are chenmicals that can be produced at

favorable cost. The use as a flat sealing requires far IessZﬁaNgviﬁmZas
conpared to thick coatings. As conpared to conventional systens, the
econony is therefore inproved to a special extent for this case of

appl i catibneatEtk leiibdtingeness@amentyr abi Wiall i ast bael oach€slsed"” negati ve
wat er pressure" are decisively increased as conpared to conventi onal

syst ens bagadsdnt-herfmepprisles %W ecanchotddnal thetpode ,system The
sensitivité to damage (e.g. due to inproper filling of the construction
pit) is reddétdopsdsReagionm 69<3 emdd Hetenske haveppbf eauavhri agnds present
but rathef a sealing in the pore space of the building material. The
bui | di ng h&t EFFA* 7Ot ect s the seal ant agai nst mechanical influence. In
speci al cases, e.g. in conjunction with surfaces of parking decks

subj ected to vehicular traffic, it is possible wwth the sealing as defined

by the_ nvent] o] t kR.addi ti,on. 1o gt ecti on agai nst corrosion

t he rDé&éyﬁ £ ok ofyﬁié% 148 %g éhb dlmeR S wear of the 17 2 7 NOV 2002
treated buil ding conponent, as well as the non-skid quality. As opposed to
conventional nethods, no additional. neasure (e.g. additional |ayer of

quartz sand)Laboratory tests according to FIG. 3 were carried out
for demonstrating the effectiveness of commercially
available products and of the materials as defined by the
invention. The test arrangement is shown and explained in
great detail in SASSE, PLEYERS (see above). The test is

briefly outlined in the following.

A highly fluid two-component epoxy resin consisting of
the product Bakelite® EPD-HD (A) with the hardener Rutadur®
TMD (B) was used in said test with a mixing ratio of (A) to
(B) such as 100 to 29 parts by mass. Said substances are
commercial products of the corporation Bakelite AG, Varziner

Strasse 49, 47125 Duisburg.

Flank-sealed natural stones with the dimensions 300 mm
by 50 mm by 50 mm were saturated with water by admitting
water up to mass constancy. The water-saturated natural
stones were injected into a drilled hole located in the
center of the stone, with an injection pressure of about 6

bar (see FIG. 3, left). In each case, the amount of epoxy

18



i's required. Description of exenplified enbodi nents Laboratory tests

according to FIG 3 were carried out for denonstrating thezejfw gﬁ ess
of commercially available products and of the nmaterial s as™defime @3 t he
invention. The test arrangenent is shown and explained in great detail in

SASSE, r BEEYFR:1 {seteabev@ridde Eest rii9 1 g efhy onthiBedddddig1fol | owi ng.
A highly fluid two-conponent epoxy resin consisting of the product

Bakel i pete) SRR 6A) thict matherhar genere My asiteéshrelM2 Byavas used in
said test with a mxing ratio of (A) to (B) such as 100 to 29 parts by
mass. Shsdrpuhisirances are commercial products of the corporation Bakelite
AG Varziner Strasse 49, 47125 Duisburg. Flank-sealed natural stones wth
t he di nensions 300 nm by 50 nm by 50 nmwere saturated with water by
admtting water up to nass constancy. The water-saturated natural stones
wer e injectadtem @ Sudrseqeenhol é-houat sgoragehperdedt #iitdf sttiegrageone, with
an injection pressure of about 6 bar (see FIG 3, left) . In each case,

t he andBABToNaEFEXPUER D" T NEWe 2502t &8EF 1MF et She¥Rcéd FEF -2l 1ing the
entire accessible ore e natural,_ stong bg pressurel ess water

f .
absor pt FbR. PTAR%® gﬂggé%ff’enmetdoi'ﬁ{ BuF S§P5Aye" pet + EHTRSTF st or age

By weighing the stone specimens prepared as shown in
FIG. 3 it is possible to determine the capacity of the disks
from different depths for their capillary transport of
water. The water present in the container can evaporate only
if it passes through the prepared sections of the stone. If

>
4

1c water evapeorates, the

=

ores of the stone are completely

sealed. The actually evaporated amount of water is put into

relation to the surface of the stone and stated in kg/(m?

a) .

The amounts of evaporation found in the present test
after 3, 5, 17 and 44 days as compared tc the amount of
evaporation of an untreated stone are plotted in FIG. 4. It
is cleagly shown that the amount of water transported by the
treated stone is ;ower than the one transported by the
untreated stone, and that the amount decfeases further in

the course of time. The material swells through the water
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under water at 23C, the test speci nens as shown in FIG 3 were prepared

"and tested wth respect to tightness. By weighing the stone %ggcgg? 0
+ prepared as showmn in FIG 3 it is possible to determ ne the p 3@ %f

the disks fromdifferent depths for their capillary transport of water.
The wat prepestennd wedheesonha ferancporey apgraaticyomy tHd pdrgmsdsen t hr ough
the prepared sections of the stone. If no water evaporates, the pores of

the stopg are£LOmp! 8kebyoutea e The 3Gt uyal ) ypevapgyated anount of water
is put into relation to the surface of the Stone and Stated in kg/ (n2 d)

The amounts of evaporation found in the present test after 3, 5, 17 and 44
days as conpared to the anount of evaporation of an untreated stone are

plotted in FEGL 4.I% %ii Clia%%é shown that. the _anount of water
transported By ¥RE {9 APt SFRIALINPIED CREF 1lhd No S SSEanFIEHERS by t he
unt r eat t nd.t hat_.t he anount decreases further in the course of
time. Tﬁ%e magggi,"a% g:le}ealhﬁ stq%r%ﬁ%s?ﬂﬁgvﬁf@?cfgyz of N%? 062S passém and
reduces the transport capacity of the pores down to a value of about 0.02 -

0. 03 kgt¢ nzeddyed ttongs Viadwel @hdlespl heed 0. dat/afn? i-ndSASSE o rilerYERS
(see above) that the transport capacity of the pores has to be reduced to a

val ue ofol g88utdtancle le kgLERR ord)a INbPL H8HtRA aSSHE SeLhg refifiget of a
hori zontal barrier in the
brickwork. Furthermore, commercially available products were
tested for the present case of application, following the
"same test procedure. None of the tested, commercially

available products reached the limit value specified above.
All products permitted transport rates of 0.5 kg/(m2 - d)

and higher.
The test clearly underlines the special suitability of

the method as defined by the invention as well as of the

sealing composition as defined by the invention.
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brickwork. Furthernore, commercially avail able products were tested for

t he present case of application, followng the sane test procedure. None
of the tested, comercially available products reached the | 2 i NOVaPpae
specified above. Al products permtted transport rates of 0.5 kg/ (M2 d)
and higher. The test clearly underlines the special suitability of the

nmet hod as defined by the invention as well as of the sealing conposition
as defined by the invention. 20 2 7 NOV 2002 Anended clainms 1 to 13 1. A
nmet hod for sealing porous building materials characterized by: feeding at

| east one | owviscosity reactive substance/substance m xture with a
viscosity of less than 100 nPa-s at 12C to the building material, whereby
the sustmdedstddistsaantetm 2Bures are based on epoxy resins consisting of
solvent-free aliphatic, multifunctional reactive thinners and amnic

al i phatic hardeners and/or pol yurethane polyners with i socyanate contents
of between 2 and 30% - permtting said substance/substance m xture to
penetrate the pér @K EnfeF /81T PRGOHE: dudding tRatgsdiaded zone of

influengg' ang - .chem.cal reaction of said substance/ substance m xture
chdracterized by: -

- feeding at least one low-viscosity reactive

| substance/substance mixture with a viscosity of less than
100 mPa-*s at 12°C to the building material, whereby the
substances/substance mixtures are based on epoxy resins
consisting of solvent-free aliphatic, multifunctiocnal

reactive thinners and aminic aliphatic hardeners and

J/or
polyurethane polymers with isocyanate contents of between
2 and 30%;

- permitting said substance/substance mixture to penetrate
the pore system of the building material in the desired
zone of influence; and

- chemical reaction of said substance/substance mixture
with almost complete filling of the pore system, and

theréby formation of liquid-impermeable barriers in the

pore system.

2. The method according to claim 1, characterized in
that the chemical reaction effects curing of the

substance/substance mixture.



with al nost conplete filling of the pore system and thereby formation of
- liquid-inpernmeable barriers in the pore system 2. The nethod according to
“claim1, characterized in that the chemical reaction effects ZcﬂrN@M 2002 t he
subst ance/ subst ance mi xture. 21 2 7 NOV 2002 3. The nethod according to
claim1l1, characterized in that the chem cal reaction effects foam ng and
curing of the substance/substance m xture. 4. The nethod according to any
one of the p?ecelditveg medilmidregcehnd inyetbzedaiim tihatcH:0td ®¥&APzbRE 1keact i on
of the substance/substance m xture the latter has in the presence of
|i qui d Fidguidie Sherical pesetienreffestagfoamangeahd ngurimgner rasi dual
vol unes of the pores not filled with material. 5. The nethod according to
any oné:""g‘?S*f?lEcﬁ/éd’é%ﬁ?@“CEI B Uk&haracterized in that liquid present on
the walls of the pores is largely renoved by m xing or chem cal reaction
w th said substance/substance m xture; and that the pores are closed in as
seal i ng manngr nt act aof, said substance/substance m xture with

. b%h%;%%%hcﬁ c i ro a o o i
the pore wal[s. 5. The method aCESTdihg™? 02 BHy CBReO6f tife Rt pg
clai mcighafactendz8debpibRAt Hhey, | V€., Subst.ance/ subst ance i xture
fully claiis characte! vé%“¥élf%w1ng the Teaction og the
substance/substance mixture the latter has in the presence
of liquid adequate swelling power for closing in a sealing
manner residual volumes of the pores not filled with

material.

5. The method according to any one of the preceding

claims, characterized in that liquid present on the walls of
the pores is largely removed by mixing or chemical reaction
with said substance/substance mixture; and that the pores
are closed in as sealing manner by direct contact of said

substance/substance mixture with the pore walls.

5. The method according to any one of the preceding
claims, characterized in that the reactive
substance/substance mixture fully reacts in a water-
repelling (hydrophobic) manner and that the water transport
process is stopped in residual volumes of the pores not

filled with material.
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rvepel'l i ng. (hydrophobic) manner and that the water transport process is
stopped in residual volunes of the pores not filled with material. 22 2 7

s NOV- 2002 7. The nethod according to any one of the preceding ZJINUVBﬂmz

characterized in that pressure application of said substance/substance
mxture in g watexe sabuhaked dBwhes gLQu s. ot capse excessive m xing
with the water present in the poreﬂgyggéﬁﬁﬂgJPn%d% uggg BXFEFALRG of the

wat er .cBaifsseahatgcdmpiosed | DA €RESI St ' it :
subst ance/ subst ance nixture with a vi g%(%si tyeogéﬁ;ié\%g‘%ﬁg%ﬁﬁ% FPa%s at

122C, swies eycsbsbahznsé substanses fi xt uaee;bggeqrgl&eap%hg%i-‘éﬁ%ua?
consisting of solvent-free aliphatic, nmultifunctional reactrve i nners

and ard®¢e nati saise dacderdve anidi g peliyhr ethans fuenolyoehs Wt h

i socyanate contents of between 2 and 30-Ware present, said conposition,
upon i13% aPPEEI &YStem, perbusde@uatiengexpediiiales dHrohagwaeea-filling
masses by chem cal reaction, curing, and swelling upon curing by neans of
the liquid present. 9. The sealing conposition according to claim8 at

| east consigsti of a mxture of reactive thinners in the formof di- or

ol i go- f unctii'ondl BEOA L SHTRRTL LY FRpshTielny @ aelowasisdpsistyng agent s
and olhgls A Y¥28LSstance mixture with a viscosity of less than
100 mPa-s at 12°C, whereby substances/substance mixture
based on epoxide resins consisting of solvent-free
aliphatic, multifunctional reactive thinners and aminic
aliphatic hardeners and/or polyurethane prepolymers with
isocyanate contents of between 2 and 30% are present, said
compositicn, upon installation in porous building materiails
forming pore-filling masses by chemical reaction, curing,

and swelling upon curing by means of the liguid present.

9. The sealing cdmposition according to claim 8 at
least consisting of a mixture of reactive thinners in the
form of di- or oligo-functional epoxy compounds and
hardeners, as well as adjusting agents and other adjuvants,

if necessary.

10. A sealing composition consisting of a low-
viscosity substance/substance mixture with a viscosity of
less than 100 mPa-s at 129%C, said composition, upon

installation in porous building materials forming pore-
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- i-f necessary. 10. A sealing conposition consisting of a |low viscosity

* subst ance/ substance m xture with-a viscosity of |ess than 103%?Pa s at

- 129C, said conposition, upon installation in porous building eNDWI 2007
formng pore 2 3 2 7 NOV 2002 filling foans by chem cal reaction, curing,

and swediq u r - | i qui sent., 11. The seali'n
corrpo\é\ﬁliiofngg cgr% in{r:]ég; %%ggpéimnqﬁ%ohs fg%?\é?gﬂnﬁg%o"grgﬁﬁf xE0Fe ST HLIDer et hage

prepol Yigss andialy dyeasbante o e cpgglgﬁign rseeé&gﬁ.ed fromthe group of

solvents, water, énul'sifiers, foam st zers, adjusting agents and
ot her adjuvants. 12.- Use of a conposition based on epoxy resins and/or
pol yur et hane prepolynmers with a viscosity of less than 100 nPa.s at 129C

according tolany ohe eafexl bhys cOnpdslilt {0h %R rdthPOEOUE1RY dig
materials in particular according to clains 1 to 7. 13. The use accordi ng

to cl aicoriRidtingeafi agmjortorse dfiipal ygrethaniealpy ea@Aiirdr S 5d Us€ and
agai nst water, |liquids containing salt, and liquids posing a hazard to the
envi r opgft @ue other component selected from the group of

solvents, water, emulsifiers, foam stabilizers, adjusting

agents and other adjuvants.

12. Use of a composition based on epoxy resins and/or
polyurethane prgpolymers with a viscosity of less than 100
mPa-s at 12¢C according to any one of claims 8 to 11 for
sealing porous building materials in particular according to
claims 1 to 7

13. The use according to claim 12 for sealing porous
building materials against moisture and against water,
liquids containing salt, and liquids posing a hazard to the

environment.
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