. EMERISDA

Summary report on existing methods against rising damp
D2.1FINALversion31-07-2014

Lead beneficiary : TU Delft

Participants: all



& EMERISDA
D2.1FINAL version

{laal!w, wOthwe¢eLbb 89®IND{¢ wL{LbD 5! at

1. Relevance of the problem of rising damp in building..........cccceveeeeiiieeeiiniii, 3
1.1Definition of riSiNG damp.......ccoooiiii i )
1.2Principle of Capillarity...........uuuuiriiiiiiiiiiiieeiiee e 6

2. Intervention methods against rising damP...........cuveeiiiiiiiiiiir e 7

2.1 Systems based on the creation of a dgun@Of COUISE.........cooviimriiiiieeriiiiieeeeee e 7
2.1.1. Mechanical iNterrUPtioN..........ccccciiiiiiiiiiiiiiiiieriee e e e e e e eee e e e e e e e e e e e e e s e een e

2.1.2. Chemical INtErrUPLION.........cooeii i e e e e e e e e e e e e 10

2.2 Systems based on evaporation iNCrEASE...........ceeeveeiieieceiiirirerrrrrrrr e eeeeeeas 13
2.2.1 KNAPEN SIPNOMS. ...ttt a et e e e e e e e 13

2.2.2 DIYING SIONES.....ciiiiiiiieee ettt ettt e e e r e e e e e e e e e e e e s e e e e e e e e aane 13

2.2.3 Wall based VENTIALION ............vieieieii it 15

2.2.4 Dehumidification PIaStErS.........uuuiiiiiiiiiiiiiiereeeceee e 16

2.3 Systems based on electrokinetic phenomena..........ccccccvevveeiiiiii, 17
2.3.1 ElECIrEDISIMOSIS. ..ttt ettt e e e e e e e e e e e e e e e 17

2.3.2 Other SYSIEIMS......eiiiiiieiiiie ittt e e e e 20

T ©7o ] (o] 1151 T L TP PP PP PPPPP 23
[T L (0] £ PP PPPRPPT 24



& EMERISDA
D2.1FINAL version

1. Relevance of the pblem of rising dampin building

The presence of water in historic masonry structures is one of the mtestantproblems affecting
architectural heritage. The water can hawdgferent origins: accidental causes, condensation, wind
driven rain, hygroscopic salts, floodjrand capillary rise from the groun@vhere water is supplied

by aquifers under clay soils, undeound waterchannels, agricultural irrigation and poor drainage or
rainfalls[1]). In all these cases we are concerned with a single fundamental process, the movement
of water through a permeable material whose water content is-noiform and generally less then
saturation[2].

The capillary rise of ground water inagonry wallds a wellknown phenomenon in ancient buildings

and one of the mostecurrent hazards to monument§he phenomenon of rising damp is more
recurrent in old than new constructions, due to the fact that the old buildings have often masonry
foundaions and lack of a damproof course, i.e. of a layer hindering the water transport from the
ground to the upper structureBesides, old buildings can be affected by rising dalue to the
kinetics of therising dampprocess (old buildings could be mornmpe to rising damp since they were
subjected for longer times to the presence of water on the foundations) and to the modification of
environmental conditions during time (e.g. in Venite occurrence ofhigher tides, or seismic
movement or movement of lpreatic aquifers)

The phenomenon of rising damp is quite slow; this means that damage to the building materials and
structures may become visible only after several years from the construction or restoration
intervention. Besides, changes in the groundtev level may also affect the height to which the
water rises in the wall. Also the presence of salt in the masonry may have a marked effect on the
speed and height of the rising dap3p.

Thepresence of rising damp in walls does not only create an unpleasant climate in buddmgs

the fact that a wall affected by rising damp is also a significant source of water @doout it also
enhances damage pcesses as degradation of building materials (rotting of timber beams,
detachment of plaster, moisture spots wall paper), poor thermal insulation efficiency of the external
walls, decrease in mechanical performance of the masonry, frost action, salt krgsiah and
biological growth, with possible consequences on the health of the inhabifant]. Furthermore

the presence of moisture can strongly affect the thermal perfance of masonries, resulting in
increased energy costs in heating or cooling of buildifgue to climate changes, as the increased
frequency of events with long and intense rainy periods, the rise of sea level and the variations in the
ground water table, the occurrence and the relevance of rising damp will probably increase in the
comingdecaded7-10].

The relevance of thegroblem of rising dampis reflected by the large variety ahethods and
products against rising dammpn the market (figure 1) Existing methods include mechanical
interruption, chemical interruptioni.e. injection (with pressure) and impregnation (without pressur
or with hydrostatic pressure onlynethods based oevaporation increasand several electrokinetic
methods (as electraosmosi3. Some of these methods (for example the injection with water
repellent producs) can be suitable to stop the ingress of diapy water, but are not effective in the
case hydrostatic pressure is present.
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Methods against Rising Damp

Methods which stop/limit nsing Methods which tackle symptoms
damp (i.e. additional measures)

@ Damp-proof course @ Special plasters

1.1 Mechanical interruption

1.2 Chemical interruption @
1.2.1 injection Veneer walls
1.2.2 impregnation
@ Drainage

@ Evaporation increase

2.1 Knapen siphons

2.2 Drying stones

2.3Wall base ventilation

2.4 Dehumidification plasters

@ Electrokinetic

3.1 Hectro-osmaosis
1.1.1 Active

1.1.2 Passive
3.2 Other systems

Figurel Overview of aurrent methodes (Miedema, 1.

Next to methods aiming at stopping or reducing the moisture source, other solutions exist, which are
mainly tackling the symptoms, such as the use of special macro porous and/or salt resistant plasters,
or the use of veneer walls.

In this report the metlods to stop or limit rising damp, defined as the capillary rise of water, are
described.The methods which arenly tackling the symptomavhich means they do not stop or limit

the capillary rise of wategs veneer wallsare left out.Methods which incrase evaporation, such as
dehumidification plasters, are described as methods to limit rising damp. This is because these
methods do not reduce or stop the ingress of water, but, by enhancing evaporation, lead to a
reduction of the height reached by theing damp in the wallghus limiting the rising damp.

Because of the diffusion of the use of methods based on electrokiiteicexpected to increase
particular attention is given to these new systems. Th#usion of tresemethods and products in
the participating countries will be discussed in conclusion of the project.
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1.1 Definition of rising damp

Rising damp idefined aghe capillary rise of water from the ground tbe walls of a buildingThere
are different pssible sources of rising damp

- by vertical transport of moisture from the grounchder the foundations(figure2, arrow A)
- by horizontal transport of moisture from thground adjacent to the walffigure2, arrow B)
- by surface watefrain water that accumulates in the groundigure 2, arrow C)

Interface external wall and cellar. Interface external wall Interface internal wall
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Moisture Source: Salt Source:

1. Groundwater/Rising damp, Sideward penetration from earth 1. Groundwater, Sea Flooding, Use (salt storage, stable)

2. Groundwater/Rising Damp, Sideward penetration from earth (earth retaining wall), 2. Groundwater, Fertilizers (garden), sea flooding

which may be related with rainfall 3. Groundwater, De-icing salts, Use (salt storage, stable), Sea flooding

3. Sideward moisture penetration from earth. NB ground floor below level ground 4. Building materials (brick and or mortar), Air (aerosol), Sea water flooding
(earth retaining wall), Surface condensation (thermal bridge/high air humidity) 5. Air (aerosol), Building materials(brick and mortar), Excrements (birds)

4. Rainwater penetration (nb. quality of re-pointing and mortar joints), Accumulation 6. Air (aerosol), Excrements (birds)

rain water due to protruding elements etc in facade (cornice..) 7. Groundwater, Fertilizers (garden), De-icing salts, Urine

5. Rainwater penetration, Leakage of water transporting element (gutter down pipe,..) 8. Groundwater, Fertilizers (garden)

6. Rain, Air humidity 9. Groundwater, Use (salt storage, stable), Sea flooding

7. Groundwater/Rising damp, Splash up water, Leaking gutter
8. Groundwater/ Rising damp
9. Groundwater / Rising damp

Figure 2 Moisture and salt sourcébliedema, L. /based on MDDS)

Rising damp may occur even when the foundations are not in direct contact with the groundwater of
surface water. In fact, above the groundwater level, the ground can stithocoa large amount of
water, which has migrated from the groundwater zonethe upper zone by capillaritfyh/hen the
foundations are in the capillary zone, rising damp nsélf occur in the wall.The presence and
thickness of this capillary zorie the soildepends from the type of soil and its moisture transport
properties.

A wet wall may also be the result ohin water (surface water)that, not properly cokcted,
accumulates in the ground and rises up by capillarity into the wall. It is important to distinguish
between rising damp from ground water and rising damp due to insufficient drainage, since the
solutions for tackling the problem are different.
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1.2 Principle of apillarity

Capillarity is the mechanisigoverning rising damp in a wa#l, 11]. Capillaryforces can transport
water from the ground intdhe wall, against the gravity force€apillary is @onsequence of surface
tension and capillary forces take place in the pores of the matgti§l Because of the attraction
between water and thepore walls of thebuilding materials, water rises in the capillary and a
meniscus is formedlhe capillary rise is due to the prevalence of the adhesion forces between water
and capillary surfaces compared with the cohesion forces of the water [tHelFor most cases
capillary forces are dominant and the effects of gravity can be neglecied total inflow of
absorbed water is controlled by transport properties of the wall and the total evaporative loss
Therefore applying a Va-permeability render coat to dampffected walls is a poor solution because
of reducing the water evaporation and increasing the height of the water rise in the [#4ll
Similarly,very strong drying coritions may reduce the water content resulting from capillary rise,
whereas poor drying conditions may exacerbate the problém

The maximum height of rising damp ca
theoretically, in homogeneous materials, reac SRRy i e R

many meters; however, in practice, due to th [ maximum water rise
efflorescence

reserce of boundaries between materials witl ; (seasonal fluctuations
P fornation: o ) are possible)

different pore sizes (e.g. example mortar \ [

brick with different microstructurg@ and due to & [
evaporation, the maximum level reached b < D 2

. . . 2NN /A evaporation
rising damp in brick and stone masonry £ |
generally limited tol-2 meters Risirg damp I*:‘

causes a characteristic distribution of wate

content inside the affected wall, with ahigh — S

moisture contentat the base of the wall (up to

saturation of the materigl which slowly ﬁ

declinesup to the wall Ground wateroften

contains small amountsf soluble salts (mostly N, n ol
chlorides, nitrates and sulphates) thaire & e ﬁ SR
transported with the water upin the wall and water suction from ground

are left behind whenthe water evaporates; at
the upper fringe of rising damp, sal
efflorescence are visibl&he soluble salt are
deposited at different heightsin the wall depending on their solubility (fractionation): the less
soluble salts (e.g. sulphateg@nerallyprecipitating in the lower part and the more soluble (chlorides
and nitrates) in the higher paof the wall[12].Besidesjt should be mentioed that the practice
situations is verycomplex, as next to the presence of salt mixtures, condensation, hygroscopic
moisture upatke etc contribute in transportirpluble salts in a wall.

Figure3 Schematic representation of water capillary rise in
masonry[1]
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2. Intervention m ethods against rising damp

There are different types of intervention possiliestop or limit rising damgfrom ground water In

this report the methodsare grouped according to figure 1, and shortly described.eleoch method
advantages and limits, as resulting from the literature, are mentioned. Besides the expected
compatibility of each method with historic buildings is considered. An intervention can be defined
compatible if it does not cause or enhance any dgmdtechnical or aesthetical) to the historic
building on which it is applied.

2.1 Systemsbased on the creation of a damp -proof course

First the systems based on the creation of a dgsngof course are discussedl/ith this technique a
low absorbing ormpermeable barrier at the base of the wall reated, just above ground levEl3].
Thesesystems can beurther subdivided in mechanical interruption and chemical interruption
methods

2.1.1. Mechanical interruption

Mechanical interruption consisia the insertion, after removadf a joint or of a course of masonry,

of an impermeable layesr a layer with a low water absorptidn the wall.

As earlier mentioned,ising damps strongly related to the use of brick foundation and the lacking of
dense layers at the bottom of the wall¥he possibility of using a low absorption materias a
barrier in the wall in order to stop rising damp wabkeady knownin the old times. In locations
affected by rising damprick masonry wasften built inserting specialalyers of natural stone just
abovethe floor level. The low porosity of the stone waspected to hinder the water capillary rise
[14]. For example, in Venice traditional construction method use Istria stone curb or base with a low
porosity (figure 4. In other cases, laysrof masonry with specific brick and mortar, with a low
L2NRaAGEYS gSNB dzaSRT Ay [ShdziOK GKA&a A& (y2é6y |a «a

Figure4 Alberaria Taver (Venice) and Salt emporiurfVenice): horizontal courses of Istria stone blocks were used at the
base of the walls to limit the capillary rise of water.

In 1827 Cavalieri SaBertolo [15] suggested the inseidn of lead slabs in the wall during
construction or the insertion of stone impregnated with a glue composed of boiled linseed oil and
litharge[1] to reduce rising damp.
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Different techniquesexists for creating anechanical interruptiorof a wall[5]. The so called wedge
method consist in removingmneter by meter a brick/stone coursénsertinga pvc foil andreplacing

the brick by concrete wedges set one upon the other. The joints are then filled up with a mortar
containing a resinThe Massari method16], developed in Italy by Massartonsists in drilling two
overlapping series of holes in the wall. Before drilling the second series, the first is filled up with
synthetic,water repellent mortar (figure5b).

20 mm
— ' : o O 15t serias of holes
SI3MSISED
—_ad d i —_ad e

Standard lenght 420 mun(1 Sholes)

Figure5 The Massari method: two series of overlapping holes are cored and filled wistter repellent mortar [5, 16]

i

Another method has been developed, based upon stainless steel slabs which are inserted by
hammering into the mortar joint and can even go through soft bricks. The advantage of this method
consists in the fact that no montgoint or brick course needs to be removed first. However, the use

of this method is restricted to walls consisting of relatively soft materials.

A wide range of materials can be used for the sheets, such as steel or lead plates, plastic, glass,
bitumenbased membranes, polyethylene or polyestersed, PVC membranes (e.g. gallerie
RSt fademi®(@onvento della CaritE]. In Venice the use ofiead platesand bitumen papesmre
common Because of thevater often exceedng the level of the original mechanical cut,n some

casesa secondayer,at a higher level in the walks added(figure § [17, 18].

Figure6 Presence of mechanical interruption (2 layers) in a building in Men
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The method of mechanical interruption is considered the most reliable and effective among the
interventions against rising damp. When carried out corredthg moisture transport above the
impermeable layer is completely stoppdd3]. Besides, the intervention is in theory reversible.
However, the method has some important limits:

- The mechanical cut of the walnay lead to cracks and compromise the stability of the
structure of ancient buildings. This may increase the seismic vulnerability of the structure,
acting as a plane of sliding during earthquake. In Italy law requires a specific structural
evaluation in ase of intervention that modifies the strength and deformation ability of the
structures and many Conservation Authorities have explicitly banned wall c{ttitg18].

- In some cases, as for example in thick or irregular stone masonry, the method is no
applicablg5].

- The costs of this type of intervention are high.

- The wall cutting implies as resul an almost complete water satation of the masonry
below the barrier[1]. The use of plasters or other finishing layers below the level of the
mechanical cushould be discouraged since it can work as a bridge for water to reach the
parts above the cut

- The mechanical interruption leaves a visibbgyer in the masonry (figure8), fact which may
alter the aesthetic value of a cultural heritage building.

Figure7 Mechanical interruption Italyd ! y A @S NE A G | /) IFiguee8 MéxhaNdalinterfiptiéniiniBelgium

(BBR)
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2.1.2. Chemical interruption

Chemical interruption is als&known as chemical damproofing, chemical barriers, chemical
injections or damgproof courses. The chemical interruption is created by drilling holes at the lhase o
the wall along a horizontal profile. The distance and depth of these holes are depending on the type
of product and on the materiadf the masonry Normally intervals at a distance ©0-15 cmfrom
each other are used, up to a depth approximately % ofhe wall thicknes$5]. Generally holes for
treatment with liquid products are drilled in an angle (3@5 °), while for more viscousqducts
horizontal holes are usedThe aim is to create a horizontal barrier through and through the
horizontal section of the walDepending on the thickness and on the accessibility of the wall, the
holes can be drilled from one side or from two sidgdshe masonry. The holes are filled with the
chemical product either with pressu(mjection), or without pressurdimpregnation.

' luneereey frs
Ry

N
1k

.a 7 X “ ] ) __."‘ . \ ;’.
Figure9 Treatment of a wall using pressure (injection))(on the left) and using only hydrostatic forces (impregnation) (on
the right)[4]

The chemical productdepending on their chemical composition, work by filling poresand/or by
makingthem water repellent Products exist combining these two working principlesthe case of
products filling the pores, the pores are obstructed and consequently preventing water from rising.
In the case of water repellent products, the interfacial tension between the porfaci and the
water is modified, making the contact angle greater than 90 degrees, so that the resulting tension
determines a downward pressure which prevents the rise of w8

A further classification of products can be done according to their solvent: water or organic solvent.
The products in water are more or less miscible with water present in the potensysf the
material, facilitating transport by diffusion isaturated substratesProducts in organic solvent are
not miscible with water, therefore the applicatiorf pressure is needed to ensure penetration
water filled pores. Products can also be differentiated depending on their viscosity. Liquid products
have a viscosity similar to that of wat&ext toliquid products productsin the form of cream exists.

10



4 EMERISDA

D2.1FINAL version
Do B

Figurell Chemical iterruption Italy
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towards producsin water instead of in organic solvent is observed, mainly because gfateemore

environmental friendlyand less toxic for the operatorAlso the use of products in therim of cream is

becoming more usual, most probably because of the easiness of application: the product does not require

complicate injection or impregnation systems, it does flow out and the holes can be closed directly after

application, with considerablsavings in terms of time and cosBecently, a tendency towards the use of

water repellent products or combinations of water repellent and pore filling principles (e.g. silicate/siliconate

products) has been observed, while products based only on pbingfare rarely used.

Table 1.Class of products classified according to their working principle

Working principle Product

Pore filling Silicates (wateglass based products)
Acrytamide gel
Paraffin

Pore filling& water repellent Silanebased gel
Silicate/siliconate mixtures

Water repellent Silicone
Silane
Siloxane
Siliconate
Stearate

In spite of theextensiveresearchcarried out onthe effectiveness of differenthemical products in
teh last decadesno definitive answer can be given yabout the effectiveness of this method in
different practice situation§l] [19] [20] [21]. In spite of the large diffusion of methods and products
to stop rising damp, scientific literature on their effectiveness, in laboratory and in the field, is scarce
and not conclusive, asonfirmed bya recent review on the subjedtl]. Literature on laboratory
research includes the study of fundamental aspects, as e.g. the transport of immiscible and miscible
fluids (water and injection product in organic solveim pores[21, 22] as well as the study of the
effectiveness of specific methods and products against rising ddimis. second line of research
largely focuses on the study of chemical injection prod{i28&25]. However, results from different
literature sources are hardly comparable, as they are stsodgbendent on the test procedure. For
example, the existing laboratory procedures for the evaluation of chemical injedi2ia8] (e.qg.

I RAFFSNIAY &aAl S 2F (G(KS aLISOAYSyasx aLISOAYSyaQ
solution or water for saturating the specimens and methods, techniques and criteria used for the
evaluation of the effectiveness.

11
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On the basis of the literature rad of the experience of the autins, the following factors can be
identified as elevant for the effectiveness ohe intervention of chemical interruption:

- Regularity of the masonryflowing of the products in cracks, caeti etc. present in the
masonry compromise the spaeing of the product through theross section and thus the
effectivenesf the intervention. To overcomtis problem, producers suggests to inject the
masonry with a grout or a cement slurry to occlude large voids and cavities, prior to
injection. It should be taken into account that the presence of fresh cement creates a high
alkaline environment which mdimit the effectiveness of certain chemical producte use
of chemical products with a high viscosity (creams) may avoid the flowing of the products in
large cracks and voids: cream products, once inserted in the wall, slowly turn to liquid and
are transported in the pore system exclusively by capillarity.

- Saturation degree of the wall to be injectdtis seems to be a crucial fac determining the
spreadingimostlyin the case of produstin organic solvent) and even more tineaction and
thus efiectiveness of the productf29]. In some cases prdrying of the masonnyprior to
application isattempted using heat or difference in pressutewever, thereare no scientific
data about theeffectiveness of this preonditioning methals.

- Type of material constituting the masonrghe porosity axd pore size distribution of the
material (combination) conging the masony is important in determining theffectiveness
of the intervention. Generally, the effectiveness of chemical products in the mortar is lower
than in the brick; however, for a good performace of an intervention, a sufficient
effectiveness of the treatment in the mortar is required.

- Typeof active componensilane and siloxane seems to ip@re effective than other types of
products. A longerm laboratory experimenfl3] showed that silandased treatments were
the most effective both in terms of reduction in water absorption and in the transient
duration required to reach the stationary conditions. Similarly, recent TNO laboratory
research, showedhe better behaviour of silane and siloxane porducts with respect to
stearate and silicate/siliconatfl9).

- The type of solventproducts miscible in water (as emulsion or mieraulsion) can diffuse in
water filled pores and can therefore spread also saturated pore system; differently, products
in organic solventnay require the use of moderate pressure to be successfully injeate
walls with a high daration degree[19]. On the other hand, pmucts in organic solve are
believed to have, once sufficiently spread through the porstesy, a better effectiveness
[19].

- Use of pressurepressure injection is quicker and thus generally preferred inptiaetice; As
mentioned above thaise of a moderate pressure might be necessary for products in organic
solvent, but not required for produt in water. The use of high injection pressures should be
avoided when not necessary, since it may damage soft materials, as tinarsn

When considering the compatibility of chemical injections, it should be mentionecttwanical
injectionproducts, oncethey havepolymerized and become activase not reversible. Besides,
chemical damgproofing causes some damage to a histalriwall because of the drilling of holes for
inserting the products.

12
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2.2 Systems based on evaporation increase

Other systems against rising damp are based on evaporation incrélasse methods do not reduce

or stop the ingress of water, but, by enhancing evaporation, lead to a reduction of the height
reached by the rising damp in the walls. A common limit of these methods consists in the fact that, in
the case salts are presenttine rising water, these will keep accumulating even at a higher speed in
the wall.In this chapter Knapen tubedrying stonesand wall based ventilatioare discussed.

2.2.1 Knapen siphons

Since the early D century the seQl £ £ SR WYV I LIYWY | ISIYK 20ydxaS a2ONJ 2 NJ W
AALK2YEaQ AdSd FANBR Of | & wardlihsed8d\idF tReNdaso@Rrigiballyt a G A O
they were made of ceramic tubes placed in a hole drilled in the wall. The principle of these methods

is to enhance the dting processby accelerating the evaporatiof80]. The principle behind this
atmospheric drainage siphons is that damp air is heavier than dr88ir Kngen believed that

inserting oblique drainage tubes into walls, would release damp air coming frodeitise wall,

thereby facilitating the waltlrying (proces$. However the Knapepsiphons were proven tbe barely
successful in moisture removal in laboratory testimghere the bare holes proved to be more
effective [32]. As a matterof fact, some conditions were found to unfavourably influeribe
effectiveness of Knapen tubes, such as unheated rooms, absénliect solar radiation, and dense

building materials, toan extent that the tubes might sometimes even cause the walbéoorne

damper [63]. This reverse action might also be possiblease of high outdoor air relative humidity

(supply of moisturgo the wall)[1].

‘i:i'gureZ, Different types ofKnépen Siphons in a w&lLubelli, B.)

2.2.2 Drying stones

{ SGSNIt 2GKSNJ @I NAIGA2yad KI @S 0SSy RS@OSt2LISR 0ol
another example: thee stones, looking like bricks, contain aefgnamically shapes holes. The shape

of the holes should ause a forced ventilation and by that the drying of the wall. The stones are

placed at a distance of about 30cm at the base of the wet.vitalthe Netheinds a system that

works on theseLINA Yy OA L Sa A& GKS W{ OKNXhe @rgingpriccipléd 5§SYQ 0 ¢
RSAONAOGSR o6& GKS LINPRdAzOSNJ a4 F2fft26aY GUKS | ANFI
condensates inside the air chambers. As a result damp is drawn from the surrounding wall or cavity

and transferred to the cavity within the eshent. The same airflow causing the cooling effect

GNF yalLR2NIa (GKS O2yRSyaSR Y2AaiueN®d padtahe Gdkrfver 2 dz( & A |
elements were made of brick, nowadays a plastic material is used which can be finished with
different colours.

13
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Figurel3 Schrijver #stem principle (www.schrijversysteem.jl
Figurel4 Schrijver system ithe past (Van Hunen, N.
Figurel5 Curren Schrijver systeml(ubelli, B)

Scientificiterature is not positiveabout this systemITNO measured the moisture content of treated
and nontreated walls in the same building every three months over a period of one year. The result
obtained after oneyear time was not satisfactory; in both treated and not treated areas, the
situation be@me worse than at the beginnif@3]. As for theKnapen syphon, the temperature, the
Relative Humidity and the air speed play an important in affecting thekiwg of this system.

Regarding the compatibility of these systemsattbthe Knapen siphons and drying stones have
impact on the historical value of the building, because parts of the wall are takelistis much
more relevant in the case of the Sigher systemConsidering the aesthetic aspect, both systems are
clearly visible in the facagdas can be seen in figuré.1

Figure 16Before and after application Schrijver Systeem, Raamsingel 42, Haai@modle Maps september 2009
Miedema, L.2014)

14
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2.2.3 Wall based ventilation

In the recentyears research on a new technique wall base ventilation system has beearried

out. The technique consists of ventilating the base of walls through the installation of a-hygro
regulable nechanicalventilation device(figure 17)31]. This methodincreases evaporation, which
leads to reduction of the level achiest by the damp frontExperimental results show that wall base
ventilation on both sides dhe wall reduces the level reached by the damp fr{3it, 34].

However, nekto the limits common to all methods based on increased ventilation (these methods
do not solve the problem but only reduces the height of rising damp and may lead to increased salt
accumulation at the upper fringe)all based ventilation can be difficuld apply when there ishe
presence of adjacent building$his method is only applicable when the groundwater is lower than
the base of the wall.

The lack of etensive scientific data orhé application of this methodnd onits consequences for

the state of conservation of the building do not allow to draw definitive conclusions on the
effectiveness and compatibility of this method.

Without system

HR = 100%
With system Waterproofing
HR = 100% H1 Gl
Floor

H
N

\5 Sand

Perforated tube

Figure 17Principle of the wall base ventilation system [25]
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2.2.4 Dehumidification plasters

Dehumidification plasters might be also included among those methods which aim to reduce the
effect and severity of rising damp by enhancing evaporation of the wall. Dehumidifying plasters have
a very high porosity (up to 45 voldistributed in a wide range of pore sizes (0cQl00 um) and with

a large volume of coarse pores. These macro pores are meant to enhance evaporation and to act as
crystallizing and expanding chambers for salts, which should accumulate inside thessvipooes
damaging the plastdi35].

Dehumidifying renders are supposed to work as sacrificial ldyepotecting the masonry from the
external agents and by favouring the crystallization of salts in the pores of the render, instead of in
the masonry. They should be usually substituted evert3 ears.

Several mortar producers offer nowadays a linedehumidifying/restoration mortars and these
products have a large diffusion in the practice of conservation. However, further research is needed
to definitely assess the actual effectiveness of these plasters in enhancing evaporation and thus
reducing themoisture content and the decay in walls affected by rising damp.
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2.3 Systems based on electrokinetic phenomena

In the recent years the market of conservation has developed tosvaéing use ofproducts and
methodswhich claim to be less invasive and more sustainable than traditional sy$8&ndNext to

the better known system based on active and passive elextroosis, several ber methods,
defined by the producers themselves as eleatyternetic methods, are flourishing on the European
market. If the principle of active electrmsmosis is scientifically proven and successfully applied in
laboratory, the other method do not hag; to the author best knowledge, a scientifically based proof
of their working principle§37, 38].

The occurrence of electrical effects in istanasonry walls is due to the electrical double layer arising
at the water/solid surface in moist porous building materials: when capillary water flux is present, a
spontaneous potential takes pladd4]. In this chapter the systems based @hectro-osmosis
phenomena are discussed. First the principle of eleoBmosis is explained; then the systems based
on this principle are discussed.

2.3.1 Electro -osmosis

Another class of dehumidification systerssbased on theelectrokinetic effectsaffecting water
migration in porous materialsElectrokinetic effects are caused by the formation of an electrical
double layer at any aqueis electrolyte/sall interface, and thus also at surface of pores in damp
porous mateials, as schematically shown in figure TBe application of an external electric field can
therefore lead toa motion of water in pores iporous solid, i.e. electrosmosis[1]. This principle
governs dehumidification methods baten active eletro-osmosis differently, the secalled passive
electro-osmosisis improperly named electrosmosis, since no application of electrical field is
foreseen.

Charges at the solid

/ surface

Fixed layer

Diffuse layer

Figure 18. Schematic representation of the double layer at the pore surfdge
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Active electreosmosis

The use of active electrasmosis for tackling the rising damp problem, involves placing electrodes in
the wall (anode) andn the soil (cathodelnd applying an electric field which causes a current
circulation between the anode and cathode, leading to water migration towards the cathode and
thus drying at the anode.

(a) (b) anode

@ l masonry I - N
[ [0 T ]|<® §
T - l @@*

ground

Figure 19 Schematic of an electro osmosis setup used on a masonry [i6]l

The principle of electr@smosis is used for treatment of soléth satisfactory result§39, 40Q].
However, the application of active electosmosis for ddhumificaion of masonry seems to pose
more problems for its actual application. These difficuliesmainly related to:

1. The chemical nature of the building materials and its pH which are strongly affecting the
results[38, 41]

2. The much higher moisture content in clay soil (up t69096 )than in masonry material
(generally lower than 30%). In clay and peat, a 25% reduction in water is more than adequate
and represents great success; in a brick wall, one could speak of drying and sudoess if
examplethe original 30%very high porous materiafjould be reduced to 5%by volume
[16].

3. the rigidity of building materials which, differently than clay soils, do not significantly shrink
and with decreasing moisture content; in building materials the decrease in moisture content
may lead to loss of electrical continuity and thus stopping ef dehumidification process
(39

Next to the above mentioned crucial problems, other issues complicate the applicdtieleatro-
osmosis for dehumidification of masonries in the practice of conservation. These include:

- the corrosion of tle electrodes: thigproblem has been solvenh laboratoryby the use of
special clayg2] however,considered electradpsmosis need to work continuously for long
time, corrosion of the electrodesnight still bea problem.

- loss of electrical contact between electrode and mas®usface;

- salt migration:the electreosmotic flow is proportional to the thickness of the electrical
double layer, i.e. a charge separation which occurs at the interface between solid surface and
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solution. A higher ion concentration in the pore solution reduces the double layer thickness,
resultingin a decreas of the electreosmotic flow [6].

In spite of these unsolved issuegtige electreosmosis has alreadyeen applied in the practice of
conservation since the 1960%]. The literature on the effectiveness of the method is controversial.
Many authors are skeptical : Massari writed 9 E LIS NJe¥ufisyhavie fot yed clarified whether
electro-osmosis can force the drying of walls as far as necessary, but there are doubts as to whether
it can overcome the rapidly increasing electrical resistance that the wall mass puts up as drying
LINE2 O §15]RA\BG other authorseems to be of similar opiniof#3]. Also experimental results are
controversialwith some authors reporting positive resulf87, 44] and some others assessirthe
ineffectiveness of thimmethod when applied in the practi{esg].

Passive electraosmosis

Systems based on passive eleetbmosis claim to return the capillary wall water to the ground, by
making it follav a capillary path in reverse, without applying electric current. More specifically, the
claimed mechanism can be explained as it folladug to the presence of the electrical double layer
at the pore surface,when water flows through a porous materiad.g. due to capillay forces)a
spontaneous polarisation arises (streaming potential) tia¢ ends of a porous matial. The
magnitude of the seaming potential depends on thgotential difference arising across the double
layer at the brick/water interfag which in turn depend®sn the specific conductance of the aqueous
solution (nature andconcentation of the dissolved iong36]. In damp masonry, spontaneous
potentials upto about half a volthave beemrmeasured betweerthe base of the wall and the damp
zond4b5, 46].

Massarireports that,actually, this discrepanay potertial diminished a few days after the method
has been applied, and then disappears. The clafirthe supporters of the passive electosmosis
systemis that the short circuit established between the base and the summit has annulled the
current that was prducing the capillarity. In truth, the difference in potential is always there. The
difference in potential between the old electrodes left more than 24 hours in the wall disappears
because the electrodes have been polariged.

Many authors[16, 43] agree on the absoluténefficacy of this method in the fieldExperimental
results confirms the inefficacy of this method as @8, 47].

A positive aspect of electrosmosis (active and passive) in the case the methods would work, is its
relatively goodcompatibility with monumental bidlings, as iis a reversible interventiarHowever,

the bars or the strips or the electrodase visible andust, due to corrosion of the electrodemight

stain the wallsThe relatively good compatibilitynight be, next to the easiness of installation, one of
the reason whyhese methods aradopted in mmumental buildings
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2.3.2 Other systems

In this chaptemethods based which claito be based on the use of electromagnetic waweath
radiation and potentials are discussdtishould bestressedhat, at the authdNa o0 Sau ndq y26f SR
scientific literature or resulten the principles anceffectiveness of these methodse available.

Most of the timethe producers of these systenp®int at the positive experienadn practice, which

up to now have not beereproducible by independent scientists. Sometimes, unfairly, the theory of
electro-osmosis isreferred to www.dinantvochtbestrijding.nl/ www.muurvochtverwijdering.jl
Most wireless deviseslaim to be based oalectromagneticgfigure 2).

Figure 20 Classification of methodMiedema, L. based of#8])

The informationreported on the website of the producers is often unclear and insufficiengxten
classify the system according to their workimginciple. Therefore, only a overview of
dehumidification systemsbased on not better specified electric principlss given in the figure
below, as could be obtained from an internet researthe description of the working principle is
derived from nformation reported on the website of theroducers
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