.2 7+NOV 2002 METHOD FOR SEALI NG POROUS BUI LDI NG MATERI ALS AND BUI LDI NG

" COVWPONENTS The present invention relates to a nethod for sealing porous
building materials. In the following, the term "building m eTinvrﬂmgs
understood to relate also to building conponents (e.g. brick walls,
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 al pes_of _parous

|t
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bui | di ng conponents in contact with soil are in direct contact with water
present in the soil. A distifQHRPWEYTRade in this connection between the
following |load cases: . Soil noisture (water present in the soil that is

capi |l ary-bound and can be expelled also against the force of gravity).
n 1 he-dr i RABPESFRRT 4T L Ghi R Cetntuns S B fha i M e
porous building materials. In the following, the term
“*pbuilding materials'' is understood to relate also to
pbuilding 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
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, includes all types of porcus puilding materials

e s
applicatic

-

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 following

load cases:

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

capillary-bound and can be expelled also against the

force of gravity).

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

water or tap water in the drippable-liquid form, which
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exerts no or tenporarily only | ow hydrostatic pressure on t he sealing).
‘Pressing water (permanently exerts hydrostatic pressure %qe 6$ahj?g)
Bui | di ng conponents that are in contact with soil are seale N 0
canjunction with new building structures within the franework of the raw
const r ucékentaeasures teapowitilys onlat erovw fhYdeoBEa t 8¢ npreap¥rant has to
be repaired, and in connection with sealing work that has been carried out
in a defretsealdmmer. Wthin the framework of new construction neasures,
sealings (e.g. of brick work adjoining the soil) are flatly applied

ext erpalpyeoiimpstd tefl iiperharzearlingeyerhsshyfirplstatricipnedsizkwrk as a
so-cal l ed horizontal barrier. Both neasures nmay be inplenented jointly as
wel | . Then thestseaxtiogal design as well as associated material selections
are specified in DIN 18 195 " Bauwer ksabdi chtungen "' [Building Structure
Sealings], Parts 1 to 10, Berlin: Beuth Publishing Conpany; and in the

i bh- SpeC|f|cat|ons " Bauwer ksabdi cht ungen, mt kaltverarbeltbfr

kunst st of f bt ¥ &ner CERPOPESEH (Hﬁ%g%’é?o?‘f‘eﬁoé&fac%ﬂls orP1l are

Bi t umenemnul si onen "', [Bujl di ng truct % fgal [ ngg Wi tth coI d- gé ssi bl e,
pl ast Fe-2 g %Pe&oé‘da“cri‘hbl%ﬁb’g Fhc € RRYLGANEi CIrett ST 31 D l?'%07/ 93)
and %%QM¥J§§£959 tu?g%%e raézconstructlon measures, as well as

later if the building substance has to be repaired, and in
éonnection with sealing work that has been carried out in a

defective manner.

Wwithin the framework of new construction measures,
sealings (e.g. of brick work adjoining the soll) 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 associated material
selections are specified in DIN 18 195

‘Bauwerksabdichtungen'' [Building Structure Sealings],
Parts 1 to 10, Berlin: Beuth Publishing Company; and in the
ibh-Specifications '~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




2 7.NOV 2002 zenent gebundenen starren and flexiblen Di chtun sichl anmen

‘I Bui | ding structure sealings with cement-bound rigid and iNO\e 2884l i ng
slurries] 03/92''. The publisher in each case is the " Industrleverband
Bauchem e and Hol zschutzmittel e.V '', Frankfurt. Sealing nmeasures

i mpl emeEreredg@buadeaear stasrane Ungs Blerdbd efc MG Ut SEBE A PRE pur pose of
maki ng repairs because of mssing or on defective horizantal barrlers

and, (Builedtngbet racd uee reeadldmds v Ebhj GEAG B APER da TG A barri er
located on the inside. At the time repairs are nmade,. the outer zone is

nor méllax Hot e ageadding e BErBARY nitd Elbstam“lealp"b?gp’e?ltﬂ?’fu?‘@ e#fHée | oad
cases described herein are jn thg sane_sen plliable al so to buil ding

mat G2 S hﬁdtﬁﬁlldFﬁ&u%ﬁﬁ&ﬁMEﬁ and, #aye eﬁ&t ontact with soil, but
whi ¢ i.nto cont because of the environnental
condlﬂtqlo%%‘?h%gigfndltﬁge]to neht \&/aft%:% in contact with soil and consist,
of water-i nperneabl e concrete (VV concrete) take up a special position. In

t hese cases, fthe work joints (e.g. wall-soil interface) are sealed, for
exanpl e bygd fﬁg' ﬂ?as\ﬁﬂrteg' Qr&ﬂleexﬁéﬁes&ﬂals af 1hl&§rr QWmeuwr@I ngsngasur e.
O her fiel pplication are, for exanple: 2 7 NOV 2002

rule, carried out for the purpose of maklng repalrs 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.

Oother fields of application are, for example:



.- .Protection of ‘reinforced concrete against corrosion by repelling water
or chloride solutions (see also -Korrosionsschutzprinzyg Np' g@rinciple of
protection against corrosion] according to ''Richtlinie f y utz und
| nst andset zung von Betonbauteilen Teile 1 bis 411 [Quideline for the
protection and repair of concrete building conponents], Berlin: Deutscher
Ausschuss filr Stahl beton, DAfStb, 1991-1992) Protection of porous

bui | di ngreeketiiads afjareinfenvedonmanzgty aG2aN4SuS AT RS HAN(BYg

buil ding conponents serving as secondary barriers - gas stations,

" col | ectragellldughsvater) orStehkovidehsdrdt Tpasciseent@ 3@t e of the art
with respect to the practice of sealing porous building materjals and
bui | di ng Konposemrss$ehutpprdd 3P tHe' f OPFINTP 2P L. PEOFSENAP 2002

SEALI NG MEASUREVATERI ALS/ METHODS ( Exanpl es). Seal ing agaj.nst ter Vertical
seal i ngagFANSKE HFXFHEA 1eH4t iarfgc?ﬁéé?"ﬁsttqsoi |R,‘('-'§1Fr1r’§t’e‘g c%‘é‘r’i ﬁ\ggbl\ngtzh New
bui | di ngsfl at a

I | i cati on) spat ul : : : '
teil Teile .1 bis 4' )
PN n i d 2L AR Bhronbauteilen Teige 1 bls 4t o
InsertlPEugEéyf&@PPogrtWéﬁHfgt$@h36H1Jﬁ@rfggair of concrete
building components), Berlin: Deutscher Ausschuss fur
Stahlbeton, DAfStb, 1991-1992)

. protection of porous building materials against
environméntally hazardous liguids (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.



.Joint of brickwork. Repairs (new and old bU|Id|ngs)

e e e R LRl Later sedl ] ngp vﬁm%%J0|m

strips set in work joints concrete. (W-concrete) - Insertion of I 1
strips prior to concreting - Insertion of injection hoses prior to
concreting; |nject|on of polyurethanes _mcro- concrete suspen5|ons or
S|n1l- = - RTS A fge—of inner
space’ D?@ﬁf“ﬁbﬁ? catlon) - gi I'ng urrres -

Vit er=lperneable—plasteors

IBSt MAReL . i Hori zontal sealin
Hori zontal cutting method withlater H-ati-on—ef—e—6- g
pl asti c-rei nf or ced Vertical sealing ck‘ELtumen coac1n

(against soil,
New buildings flat application) spatula).
- Horizontal sealing - Insertion of bitumen or
- plastic webs in bearing
- - joint of brickwork.

,
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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 sclvent-
- containing materials)




.bi t umen webs. - Corrugated stainless steel sheets ramed in. - Bored hole

I njection nethod (pressure or pressurel ess application of ter-sol uble
or solvent- containing materials) 2Naf ﬁbl/ fdﬂ(.

e i 52
NOV 20U2 Seal i ng ag.;ai nst- ot her |iquids

- . __Sealing against_other liquids

Vertical"séaling - Fl a(,egtol%ta'hngea(lgga/eral_ riMaklaeiSyr facesd1 | ayers, as a

FUl@)  ------oomo oo o SO faces] T Iayers; -as- a-rule)New and ol d
HoriZontal sealing - Flai_coating_(several . Buildings (bottomsurfaces)
layers, as a kule), taking..ipf a.accopnt adequai®ngolsevakid quality,

resi %ﬁ%pﬁ:ﬁquil 0 wear; I&?Bo&(gabis\ﬁheﬁ:iceﬂ) W t hrayerfbusedabsduementamebsg, if need
be (see al o special bridge sealings) Than@beveouovexddaeacrsirons f our

i mpor.t ant procedures enployed for sealingkisurbaliing. corrpehrEres that are in
cont act to wear; in combination with

- fused bitumen webs, i1f 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 ;hree groups

(FIG. 1): Impregqnations 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. 1la).
Sealings penetrate the space of the pores to about 1 to

3 mm and completely fill said space and coat the outer

7



W th soil: (1) The sealing is applied to a substrate (concre& | bri ckwor k
etc.). Wth a sealing arranged against the soil, a '’ posi¢i Ny dblst ati c
pressure '' is assumed to be the |oad case and with an arrangenent in the

inner side a ''negative static res The enpl oyed
in this apBatess 1 ?ﬁ%ha q?\??ﬁ gth ?F?%fnn?gf#ngregnatlons
penetrate the spac of th Les _to a ut o] t through a
change i n1by thed&ﬁﬁiﬂ%?f#£ erglés °5t ¥'h p%%egwa§%g?3 rég filling the
pores or form.n ugéo%§%1%#{§dig56mg g?albg ;ggg%{@ég kLhka space of

t he pores PER SR nm and conp ot y fill said space and coat the

outer 6 2&%{%@92 gh”&&ﬂ o?xf Hﬁe Qui i pgrerterbal tuet bualtihing film

(FIG 1Ihb) 0 no y to a minor degree penetrate the

bui | di ng tégf%% ggq@(xgg ngs act through a coating on the outer
surface o urlding material (FIG ic). (2) -The sealing is installed

at a later tinme by injection in a gap or crack (water-inperneable concrete
work joint or the like), whereby the gap or crack is filled wth a

seal i(ng mater iséalbuy tike iportea Kysd eatof fh¢erbuiindi iy nvkechliopenai ns
unaffected to the greatest -

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 injectlon

—
(9]
—

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 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




. possible extent. (3) The sealing by is installed at a later tinme by
injection .L in the pore system the pore system of the bupljdi pterial
is filled to the extent permitted by the solids content of the injected

material and dhec dgpth gk ReIA nAld OfayABeaihubenthbe RANKE haltesed

: heretof ore cannot conpletely fill the pore systemafter they have cured.
(4) The pye sygbemiigeedapbeahlae seyecpd and daiihahkyl repl aced by
i npernmeabl e filling bodies. Not all procures can be applied to porous

bui I ding Jdmieitabssand buil ding conmponents that are not in 7 2 7 NOV 2002
contact with the soil but may be in contact with water or other |iquids
because of the environnental conditions. Drawbacks of the current nethods
Seal i ng porous building materials and building conmponents on the inner

si de greguh 4 €Bsbetth tSipectakremttemettlsodand constructi onal sol utions that
permt absorption of negative hydrostatic pressures, i.e. to withstand the
tensile stresses exerted by the acting hydrostatic pressure. Speci al

coatings that are inperneable to liquid are often ) .
. 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 liquid 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
bituﬁinous 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 fill the pore




.appliied to the brickwork in several |layers up to several Cfnti met ers
thick, or "*"W concrete troughs'' extending across the edt { fNQY 2007
soi |l -contacted range of the inner space are enployed. Both nethods require

very high expenditure. with_respect, to .material _and l. r .Go terna
seal iTREZRyai ’Enté?d'fi\)éfi:ﬁlf’g. EQFF@%?O&F %iltrﬁc%iy?t?r%%ﬁgﬁs}%%%t é:?ll 3a§eﬁ this
case,, preferabl so-calh&%ﬁét@&k bi tumen coatings are used that are not

resi stantleo €& hat S anical influences. Such coatings are
characterized by high material costs. Danage nay be caused, for exanple by
poi nted objects (brick fracture etc.) that perforate the soft bitunen
conpound 0 | 0N g PihsS diffiFbQflenBhNG e £abiBYS do not
fill, _thewg%r%éa%f#%&l%‘gosg s N e & e~ s di'rect | y
access{ i gt %f’@tﬁfodhf:etdhelrro@ﬁé Ngoirs dpBEEst 1 EXEenkaingeal i ngs agai nst

environnental |y hazardous fluids are produced in the formof costly

coatings. | - Lowviscosity, partially hydrophobing nmaterials that do not
fill the pores are often used for later sealing with the help of

i nj ection. Ldbteisabsikpowpakernaldfyohy drivgholomy oatertie s ithaitpldo of
pore-filling are not capable of filling the pores conpletely (cf PLEYERS,

G : "hst PHikl Cohset PPrEEORTeSOIftaDl asksy IRedUGEHSF Breiadiwer kWi sthf e Due to

Capillary Rise? ' Stuttgart: Fraunhofer |RB Pub%ishijgg Co., %(998 - In
help of injecticn. Materials known heretofore at 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, 1994-1996,
(Snethlage, R. (Ed.)), pages 157-163, 1998). The resglts 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 élé
wirksame Horizontalsperre fir den nachtrdglichen 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 fur



. Annual L Reports rqg+-rn= n=e-onposJ+,Jnnl Steinkonservierung (Stone
Preservation] Vol. 6, 1994-1996, (Snethlage, R (Ed. pages 15M0V640?1998)
The results of a conpleted research project show that all injection

mt eri gl 5 gurieMdy aygbl able on,the FRCKel Tgs thepurpss o gs0aling

agai ns €ér are unsuit ing of ~“wdter-saturated

bri ckyork; (E gA - EYER : e i g: Vo sfeuchte
- Untersgééﬁéaguﬁ%pgm% bﬁ%nagcﬁgﬁl%c er g%%ﬁ% iﬁj}{egf)%;égc{/%fcgéhren al s
wi T kS, HOLL 7 00 A SPRT Efial 31 s08BnBAGH! Hdghiceher sFnhaud iy (A egel mauer verk
[ Reduction o rfckwork norsture - Investigation and devel opment of
chenmgalybakad hdee spkeehi ohdrethods awAant aff@ctivecher ikaq aly barrier
for later installation in brickwork]; Aachen: Institut far 9 2 7 NOV 2002
Bauf oy s¢bu8gonl ¥asuResear dhRepnehtba., 4Herd 994, al RRedPubbishi ng
Conmpany). As it has-to be assunmed in connection wth sealing work that is
done af f Acliahér maiteer itaiat andvathethodat esateed gddne Hiystkishaxetzo0 de deal t
with at the time an injection neasure is inplenented, there is a need for
ef fi cseanl ingt deictincobedyret hods especially in this area of sealing
technol ogy. Problem of the invention The problemof the invention is
substantially the sealing of porous building materials and buil di ng

conponents. . R
Problem of the invention

e The problem of the invention is substantially the sealing

of porous building materials and building components.

¢ 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.

¢ All considerable liquids are taken into account, for

example such as:
- water;

- salt solutions;

10




.ALI-connDnIy used building materials are taken into account, for exanple

materials such as cenent-bound building materials such a§ ﬁgﬂ@rebﬁ)
materials, nortars, pum ce construction materials, porous ¢

mat eri al s and plasters brick building materials such as highly perforated
bricks lamaistd i pobingkss haadréotind the |eMWire@marital s such as sand |inme
bricks, linme plasters and linme nortars; natural stones such as sandstone
naterials; tufa rmaterial. Al considerable | iquids are taken into
account, for exanple such as: - water; - salt solutions; 10 2 7 NOV 2002 -
li quiedsThesistth i hgzamd two thet eafifeamisnely The addal i egdhgases act
effectively in all |oad cases - specified above (noisture, non- preSS|ng
| i qui dsspasiveldd mopesmtnpvétam,négmm/@eman@sﬂ-a%d&r:e%r‘@ The
materi al s enpl oyed have to be applicable by a application nethods (e.qg.
br ush apm|Rﬂﬁ4%hvefﬁ&iﬂ?ﬁﬁatébﬁtHMQEﬂﬁﬁ?EéFlBﬁe $H%®tron without and
with pressure). The effectiveness of the sealing has to be pernmanently
¢« The materials employed have to be appllcable by all
application methods (e.g. brush application, flooding,
spatula application, injection without and with

pressure) .

e 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 regquired 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 systems.

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. iﬁ conjunction with surfaces of

parking decks on which vehicles drive).

11



.assured at any degree of underground noisture up to water saturation at

‘the time of treatnent. It nust be possible to enploy requ re Lcation
techniques and materials nore economically than those gh7 ﬂpgﬂﬁhéML The

resi st nce to n%gq;lve wal er pressure has to be increased Vi s-a-vis known

syst§¥§L~—#ﬂg—gens#¥r4??%—go~danage (e.g. caused by inproper construction

pit fi1}ingl NBaddtOn 1R0UERL Hord oy Seolinomn Suipheby uskgpeci al cases,
ha e SUI a

t he sealing rea5|ng t he re5|stance to wear of

the %&ﬁﬁ&ﬁn?“hh'éEban”PQBE“ExdﬁBheéfaB%Q@ )be, 08 SOotkoRuilRcreasing its

anti - id property (e I'n conjunction with surfaces of par ki ng decks on

whi cly ‘ﬁ%ﬁéﬁ% ?!Ja'tveez)laité RateN@ 30325 8@l whiieh of the probl em For

penetrati the pore system of commonly used building naterials (see
exam(ligs %hﬂyﬁﬂowoﬂescehsﬁukhﬁ-p&ﬁnnaﬂa@t<nnmermahsShavelnocbeaused whi ch
(1) are lowviscous ((if possible < 100 nPas at 12C) and free of solvent;
whi ch fornimoe eofi bbilvgneonpaliats Hyrmr pacer-di ldfirey ¢dmepdundsi hy mat eri al
has been treated; and which upon curing have an adequately pronounced
;-reactlon after the building material has been treated;
and which upon curing have an adequately 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 reaction following
the treatment of the building material increase their

for example by foaming: and which upon curing

rolume,

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 filling with the

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

Materials according to approach 1 to the éolution 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




_swelling power by neans of the liquid they are i-n contact QJtNUde”{z)
whi ch are | ow viscous (if possible < 100 nPas at 12C); which in the course
of the reaction following the treatment of the building naterial increase

t'h f b d_whi h

2 SuATER 1 SpRAnGUNRBE St ia ngo Booat By et of top 8 HIBYE S6by are in
t act t Bot t h | th t th

por e e Hh o ST, el U saltegy 28 ol et oly seal ed, e ther

by conplete filling with the materials or by conplete filling with a
cl osed-cell foam Nhterials according to approach 1 to the solution are,

for examplg,Lghif o LIULh EPORY £8ShBR-EARD! St id e SOINAYon fixke,

al i phati c, Unctl ona ctive I nners, and amnic, allphatlc

har de,FSES gcﬂla af6a Mex et ?Mzgiyeéﬁéwee pﬁ@ﬁ&%?h@r@pmnﬂd For brush and

spatula applications It is NOV 2002 possible to control the

consi §_L,8Ng¥nfart@mdargi‘érytélﬂ@tde&ﬂ 2pasidy 30s USimgcsuktable spdinssdd ng
agents. terials according to approach 2 to the solution are, for exanple

nmodi fi; e€hpalby wetdhane-pr epdemeirsmneadih t€lgocynnare toorfttets bet ween 2 and
30% which are dispersed.
application 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 ﬁo
be treated. Such adaptation leads to a specific type of

effect of the materials.

Dry 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




: i
.Wth 40 to 95 m%water inmmediately prior to their applicagﬂbNOMiawL
suitable emulsifiers, or dissolved with 40 to 95 m%of a suitable
solvent. Catalysts pronote strong foanm ng for the purpose of increasing
the yal yre . Jbevef ol gatiren @f1d.oam cagr bénprbrotfedn wi kercbysédam
stabilizers. For brush and spatula applications it is possible to adjust
the eQnsi stgrgy (Frran highly fluid to pasty, for exanple by using suitable
adj usting agents. Furthernore, the type of application enployed has to be
adapt ed dependi ng.on the water content of the underground to be treated.
Such adaptation leads to a specific type of effect of the materials. Dry
undemyricamdu fdbsomremd (lénigressabebeptivepréRmdi®yi; whi-ch is possible
for exanple by flat application, or pressureless in%ectioné The sealing
At epirals wane bes absvpbednat it boretsh5tRAFS Byl eapf PF af§ePBlEelY where it
then can cure. An effective sealing develaps_ that can be inproved further
by addiat i appliicgHiPn TRE REECSSHIC hehEt tRPESHR " hto the pores and sets
13 2 1 NOV 2002 as a nassive closure (FIG 2a) or in the formof a closed
cel | foarl(FIG. 2b). Moi st underground (limted absorptive capacity, i.e.
pressurel ess inpregnati .S .Sty | [ , e I diat
hSrslégiﬂﬁeﬁQte§f%1 a&ﬁ?é bbeofda exaeBl enky p

applicatio eéss’injectio
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. oOwn 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
adequate extent by suitable measures or their combination.
Such measures may be:

- Following curing, adeguate swelling power must be

available if water is present in order to close the

14



‘The-sealing mat erial can be absorbed into the pore space by capillary
forces and can cure there. As the walls of the pores areQ\KeNfJ&dZQﬂQ afilm
of water at the tinme of application, an effective sealing can be installed
only if the foI%gmﬁn% condi%i ﬁ; are takef into account;: The sealing

mat eri al 3t YaFEET Fe Hor 8 sg Ce PHi% 12 L1F BP foSPRd i d120REFed zone
of the pore lls, _.and res in that condition. own tests have shown that
after tﬁgl‘?%tgf‘lg&%n& lal has cured, the zone of the pore walls
continues to have the ca iIIar¥ capacity of in unt r eat ed Ipore. sgstenl The
wat er- t PAYGIINF t CEAPESI/| i tYe pYREREUIE IKERAY ¢hel TRBt EPSWRATE ohtS of t he
pore walls is reduced to an dequat e, extent, by suitaple asures_or their
conbi natiYor® 1 ¥ S0 h Ofe FAFREC yﬁ%ﬁctl?%IFBﬁiﬁgd;E?% ,Caggﬁﬁﬁefgmelling
power must be .available if.water, i.s present in arder.to,close the 14 2 7
NOV 2005 At H7 1 RECEEA "ArET b Lt Ré Bbre RaPPES {3 Keat Pr§ idner  (FI GS. 2a

and 2b) . [ CUkI-ng, t er,,ys renoved fromthe pore walls by m xing
or chen%%%¥g¢€%%t¥g%%§ﬁd:ggd%?gcfhpohtact of the injected material with
the pore . walls is thus produced (FIGS. 2a and 2b). Water-saturated
under ground (not absorbent, i.e. pressure

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

application is required).

In order to obtain the desired building material wvolume
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 fémains 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 1s 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

¢ The invention is capable of sealing any type of porous

building materials and building components, for example:

15



.application is required). In order to obtain the desired building materi al
volume it is necessary for the sealing material to expel ©hg N@gt €007
present in the pore system by pressure injection. However, an unavoi dabl e
fi.lmof water remains on the walls of the pores. The situation after

pr essur eehejnectd @nd obnddFoits NaLel itthe cheChf 2&r CPRCEAT DN wi t hout
pressure on a noist underground. Therefore, the nmaterials for_pressure
injectiDnrnagﬁrhdvé“lﬁﬁeQﬂ%ﬁ?kﬁ%p@???€éaé§'s@&ﬁqq%ﬂf%ﬁﬁﬁ%Fioagﬂat t he
final condition shown in FIGS. 2a and 2b is achieved. \Wat applies in
addi ti oplp§tEFs’ pressure application mnust' not cause any excessive mixing
with the water present in the pore system Advantages of .the.ipvention

The invient.icen biud lékinub| aber sehfi Agchngst ppeneY BeFH52tedi PELAGSmateri al s

and buil di ng conmponents, for exanple: 15 2 7 NOV 2002 cenent - bound bui |l di ng
mat er i ahBds e RBAEKSt'e, nortars, punice building materials, porous

concrete and plasters; brick build[n% mat erial s such as_hi%hlé per f or at ed
bricks lame-suindedr bekddingrerabhaéd Buishding Sretdthl s 8eeho8S  sandy
IIHEStogghe plasters and lime mortar;

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

e The invention is capablé of sealing against any type of
liguid, for example:

- water;

- salt solutions;

- liquids posing a hazard to the environment.

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

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

pressure) .

e The effectiveness of the sealing is permanently assured
in conjunction with any degree of underground moisture up

to water saturation at the time of application.

16



‘Iime plasters and linme nortar; natural stones such as sand stgne tu%a and
| i mestone. The invention is capable of sealing against any tigeNGV 002
liquid, for exanple: water; salt solutions; - |liquids posing a hazard to

t he envi ponment seal i.n | oad_cases, (npjsture, nonpressing

. ) 'taIEgt. %%58 inéﬂl ; (c s
liquids, “ 8% welT-3s podit] V& ahd REg &5 V&F RS AP b8t dFIEC Pt @8sdfe)ls The

terial | d | b | | | I, t hod .g. b h
ool cat PoSTLEYE R B AR LES, B Ste B BBk SN aAT GhRe ) et on

i t hout ' : . T, f.f ect. f . t.h ' I
w thou @?‘%e‘@éﬂgfﬁ%%uroef) the an?tlvr\ﬁ: 'ﬁ/e€§x§i% tlcﬁen Enjgg;gﬁ(s;:}sﬁ&: oI st ur e

i c
permanently assured 1in conjunction h™"an ree

up to vaher st akhenrattddhepbiae sQfsanplication. 16 2 7 NOV 2002  For
installation by nmeans of pressure injection it is possible to permanently

assureg if B?UUé%%ﬁ% qut‘§f5%4*33?§§§99fF%%%@%@ﬁé%? in conjunction with

noi st and-wat er - sat urat ed pore sys fSYfikeBEordny over

convent | gnali-aotarBalse 88UEEHARRRAINE 4GP OkEh S HTedcALE Gligm cal s

that can be produced at favorable cost.
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.

*» 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 systemn.

* 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
séaling 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



.The ‘'use as a flat sealing requires far less material as ¢ mpﬁkﬁpqﬁ t hi ck
coatings. As conpared to conventional systens, the econong I hé ore

improved to a special extent for this case of application. The
ef.fectiyeness_an rabi i 1 | oad case "N | NEnWREEl; pressure”
are dec%%?ﬁ%??gi§8Tg§§§3£aé¥g§n6§$33 f%gconvenﬁiona systems because t he
nat eri al anghordaeh, i Do bNe POk SYist 80ha1 ThR SRS Li Mbty to dammge
(e.qg. dﬁ@1 €{? rcmmné§b+€?ng éof t he ionspruction pity is reduced versus
known sysi£ns; o REEaHa8 st eARR.Ied seRalt kG 1S RRSeHr Rpfarf@ad ing sealing
in the pore space of the building material. The building material protects
the sealjantyagaireld . mechani cal influence. 1In 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 wth respect to
resi spagee it Wwear odf etdeendl7i PiEdNemb2@izngmeat ed bui | di ng conponent, as
wel |l as the non-skid quality. As opposed to conventional nethods, no

addi tional. neasure (e.g. additional |ayer of quartz sand) is required.

Description of exenplified enbodi nents )
Laboratory tests according to FIG. 3 were carrled 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
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.Laboratory tests according to FIG 3 were carried out for _denonstrating
the effectiveness of commercially available products and of/ NOY Mfberial s
as defined by the invention. The test arrangenent is shown and expl ai ned
in great detail in SASSE, PLEYERS (see above). The test is Dbriefly

out | ireedi i ninhecteld em hifji cAdhifg yE 11 Uil 89t Wh-cc Aifoneht 286BRF 1PeSi n
consisting of the product Bakelite(r) EPD-HD (A) with the hardener

Ri t ago(e ) syFven( B vise uBe8UrR lsa ttenesPYWRIE S W RERF S 3R Hf (A) to
(B) such as 100 to 29 parts by nass. Said substances are conmerci al
prodadtsoopting-corporati on Bakelite AG Varziner Strasse 49, 47125

Dui sburg. Fl ank-seal ed natural stones with the dinensions 300 mnm by 50 mm
by 50 mm were saturated with water by admitting water up to mass
constancy. The water-saturated natura

| _stones_were.inj.ected into a drilled
hol e | ocathffE®h #hEUPEERUEN o2 4 HEP ST oRECT RPERPERPR; g&t%i%oﬁ%ﬁrrgggure of
about 6. bar (see Fl . left). In each.c . nt_o poxy is 2 7
NOV 260EY e‘éﬁiﬂei‘”njagc?éd%s'uftf%%e%e?%rs?lelellm%%t ﬁe;.'en |r]g %Ecgggi'bﬁe por e
systemof the nat t assu e s lid on. After a
subsé"qeuxé%tpﬁgpﬁ%tﬁgs %?agggﬁgﬁ ?&ﬁ?tﬁséggr%%\?&uﬁégg%\%ﬁ% at 23C, the

test specinens as shown in FIG 3 were prepared and tested with respect to
ti ght ness.

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

wr

n Wa

Aratac +he
Yol ter evap a , the

SYapvwLsLeTo

cres 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?

d).

:The amounts of evaporation found in the present test
[ after 3, 5, 17 and 44 days as compared to the amount of
evaporation of an untreated stone are plotted in FIG. 4. It
is clea?ly shown that the amount of water transported by the
treated stone is lower 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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. By wei ghing the stone speci nens prepared as shown in FIG it is possible
to determne the capacity of the disks fromdifferent deptZJ NOY 20 r
capillary transport of water. The water present in the contalner can
evaporate only jf i sses thr h the prepared sections_of the stone. If
materpé€§ﬁ@ﬁaﬁ§é ﬁ%é?%%ﬁ%ﬁ%%ﬁtﬁ one” %?%g%%%p gt%?? BRAFEdI°YHe
actual ly evaporated anount of water is put into relation to the surface of
the stena arglatabdd abouty/ (22 &) .0.Te kgpymts -ofi)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 FIG 4. It is clearly
shown that the anmobunt of water transported by the treated stone is |ower

than the % %99898%8%9& fe@@lawé&afﬁddﬁwff lﬁmsi §5at FEEY gaunt

decreases furt In the course of tinme. The mat erla swel rough t he
wat er %%e ab M) 2002t BRES@Rand c1bg éfaﬂﬁ@%&réépﬁﬁbt ¥oof the
pores to a val ue of about .03 kg/(m 2 . . It was found and

explained in detail in SASSE, PLEYERS (see abo e), that %he transport
capacbﬁynﬁd%qﬁﬁpB?eé Kadugoothd ettt 8- 4 ¥/ (8 of ResintRRASE. 1 kg
(M2 - d)'in order to assure the effect of a horizontal barrier in the
bri ckwer ka s fwf &hehrores f eottmer chakhloy iav@nt abl ®aprmicect snwehe tested for
the present case of application, follow ng the

brickwork. Furthermore, commercially available products were
fested 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 - 4)

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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. . saire t-est procedure. None of the tested, commercially available products
-reached the limt value specified above. Al products perni?tpquiqnaport
rates of 0.5 kg/(M2 - d) and higher. The test clearly underli ne he
special suitability of the nmethod as defined by the invention as well as
of the sealing conposition as defined by the invention. 20 2 7 NOV 2002
Amended clains 1 to 13 1. A nethod for sealing porous building materials
characterized by: feeding at | east one | owviscosity reactive .
subst ance/ substance m xture with a viscosity of less than 100 nPas at 12C°
to the building material, whereby the substances/substance m xtures are-

based, on_epoxy |.Qs sjsting of solvent-free aliphatic,
nultr%ﬂﬁggfgﬁéfiggggtﬁvgﬂ¥h%%ners and amriic aliphatic hardeners and/ or

pol yur et hane polyners with i socyanate contents of between 2 and 30%
permtting said substance/substance m xture to penetrate the pore system

of the builidi ngy rRtenical 24y t Beadesig gfbraaesenali lidifdgieficeeraad schem cal
reaction of said substance/substance nmixture wth alnost conplete filling

of thehpeketdsiead agd thereby formation of |iquid-inperneable barriers
in the
. 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, multifunctional
reactive thinners and aminic aliphatic hardeners and/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.



.pore system 2. The nethod according to claim1, characterized in that the
~chem cal reaction effects curing of the substance/substanceZﬂiN@yrgyle 2
7. NOV 2002 3. The nmethod according to claim1, characterized in ha

chem cal reaction effects foam ng and curing of the substance/substance

m xture. 4. The rret hod according to any one of the preceding clains,

characterlé;elat X ﬁ&tﬂoélg cgiéleanggcé#g?lq&réhgaga%@gfygé q@stance

m xture th as’ i € presen quate swel | Tng power

for ¢ n I filled
wth £R§§r ?Q geﬁ?alrretel‘n Q;b?{:é%% ofaé% ng% é"ﬂtg“gfecedl fige cl ai ns,
charagggnegﬁképshggkgdéguglgﬁg§gnt on the malls of the pores is Iargely
renoved by m xi'ng or chemcal reaction wth said substance/ substance
m xture; and that the pores are closed in as sealing rmanner by direct
contact of said substance/substance m xture with the pore walls. 5. The
met hod accoyrdi nghtomathahea ofotBengr avedanyg ofkabfsthehdpracieiimgd in that
the reactive substance/substance m xture fully reacts in a water-
repel Elagmshy arropimdteyisadnen dibdtt Hail tdvel imattdre tressipionnt ofrtieess i s
stopped in residual volunmes of the pores not

substance/substance mixture the latter has in the presence

of liguid 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 licui
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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.




. filllled with material. 22 2 7 NOV 2002 7. The nethod according to any one of

the preceding clains, characterized in that pressure appligqtyﬁg 2” sai d
subst ance/ substance m xture in a water-saturated undergroun S gt

cause excessive mxing with the water present in the pore system but
adequat e expelThegnethblkde avat@rding. tA saaf i ige COAPRSt ipaeR@1FiSti ng of a
| ow-vi scosity substance/substance m xture with a viscosity of |ess than
100 ePasmat €RICacthmrebyd substhatepisisdmstmmcappl xtutdonbagedadd epoxi de
resins consisting of solvent-free aliphatic, multifunctional reactive

t hi rewdrstamnce AgiREEangei phitheehiandenvaseand/adn yadedinatdeane qurepol ymer s
with isocyanate contents of between 2 and 30% ar e present, said
posidPVF NBPA |FRYDH eXcesslve miniper sushutheli wytaut prieslests dmri ng
pore-filling masses by chem cal reaction, curing, and swelling upon curing
by reahsP8Fet IRy $¥ g0 dPplreS&RIUte TREPSIE ing €6ndS tWakeBecording to
claim8 at least consisting of a mxture of reactive thinners in the form
of di- or oligo-functional epoxy conpounds and hardeners, as well as

composi 1 n caner oty SPhRBrLRYaH; Sonst bR R 2l S AR M t ur e
Wt @Yt 8pee Iduétance mixture with a viscosity of less than
100 mPa-s at 129°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

.
MAamYIac
Al e S

tien, upeon installation in porcus building materials

forming pore-filling masses by chemical reaction, curing,

and swelling upon curing by means of the ligquid present.

9. The sealing cdﬁposition 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 12°C, said composition, upon

installation in porous building materials forming pore-
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.less than 100 nPas at 129C, said conposition, upon installation in porous
_building materials formng pore 23 2 7 Nov 2002 filling foans)by ,ﬁﬂpg@@g
reaction, curing, and swelling upon curing by neans of the Ilqu

11. The seal i ng conposition according to claim10 consisting of a m xture

of pofi/}'i@h?a%dlﬁgpﬁlyyf&{énﬁ@dlakea'c&ﬂﬁnPneu(i*tlh@’ conposeelL 1sietgct ed from
the group o sol vents, water, enmulsifiers, foam stabilizers, adjusting

agentgpand caitiglg ay uxenirss d2. thbelqhanaopﬁes@uunlbased(N1epoxy resins
and/ or pol yurethane prepolynmers with a viscosity of less than 100 nPas at
129C according to any one of clains 8 to 11 for sealing porous building
materials in particular according to clains 1 to 7. 13. The use according
to claiml2ifor Beal srglhorpusompaslidiitn nateordlinggar nslamm twre and
agai nst water, liquids containing salt, and |liquids posing a hazard to the
enV|r©on9mEtlnq of a mixture of polyurethane prepolymers and at

least one 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,
liguids containing salt, and liquids posing a hazard to the

environment.
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