
HOW TO PREVENT DAMAGES ON CERAMIC
SURFACE ON BALCONIES AND TERRACES

by Rolf Longree - Wilfricd Sitzle - Jose Menend ez

Schlu ter -System s GmbH

SUMMARY

1.):-10 til e covering can be permanently wa terproof. None can guarantee th at a covering will never
crack, so that even liquid wa ter can percola te. Furth er the laws of physics prove , that wa te r va pou r
diffusion is very essen tia l concerni ng th e ab solute quantity of condensed (liquid) water in the
substr ate. Th er efore it is necessa ry that a sea ling is laid underneath the scree d.

2.) Waterproof membran es e.g. on ba lcon ies , terraces as well as in inte rio r wet a reas a re seali ngs
aga ins t non-pr essure water.

3.) Follo.....i ng to physics' Taws as well as to the internat iona l construction norms - most deta iled a re
the German DINs - it is es sential to protect thu wa te rp roofing membranes from environmental and
weather influences and from water pressure.

4.) Environ mental influences (e.g. mechan ical st ress) are prevented by scree d and covering
st ructu re. Together they form th e prote ctive layer. In case ceramic til es are being used, this protective
laye r doubles up as to a worki ng surface.

5.) If there a re no preventive measures taken to drain off permanently the wate r a t the level of th e
waterproofing membrane, thi s screed will soon be satu rated causing water pressure on the sealing
and various forms of (frost-) dam age and cfflornncies .

6.) Th e conclusion is, that the effect ive d rniuu ec of th e percolating wa te r is of key impo rtance for
the long-term stability of th e overa ll assembly. Th is requires th e following construction featu res:

• sufficient incline from th e sea ling level to tb e dra inage points;

... in sertion ofa drai nage layer bet ween the sc a lin g and protecti on layers, to al low wa te r to run ofT
un der its gr avitat ional force. Th e ma rket offers dra inage syste ms whi ch a re func tional and designed
to meet requ iremen t s.

7.) Th e on ly possibility to hold or (in ma ny countries ) to win ba ck terraces and ba lconies as
potential markets for ce ra mics is to cons truc t. in a ccorda n ce with law s of cons truction physic s, norms
an d most advance d technologies.
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BALCONIES AND TERRACES

Man y thinker s have already focused on th e questi on of water. Whether such reflections were
prompted because th ere was teo mu ch or too littl e of it, water appa rently is rarely a cause for
satisfaction.

In the construction fi eld, at any rate, water must be regarded as one of the primary
causes of damage.

Damage-free construction therefore means waging a successful battle against water.

My topic today is "Using surface drainage syste ms under ceramic covering structures in or der 1l!
im prove th eir abjlity to ca rry ofTwa te r".

No tile covering is perman ently water-proof - none can guarantee that a covering will never crack.

First, I would like to te ll you something ab out the waywateris transported within ceramic covering
structures, and th e re sultan t necessity ofdr ain ing this water in a controlled fashion, so as to pr event
if from causing any dam age.

Thi s necessity hold s for ti le coverings in wet rooms, and especially for outdoor coverings.

Balconies and terraces are cons tructions which are directly exposed to the effects of the climate
outdoors .The task ofa coveringstructure for such areas is to protect the construction from
environmentaland weathering influences, and to produce a surface which is usable for its
intended purpose.

To achieve thi s, certain necessary cons truc tion principles mu st be respected.

We refer in th e following explanations to th e German guidelines. not because they are Gennan
ones, as we are teo, but beca use th ey seem to us to be the most detailed guidelines . And , more
important : they are explai ning in a logical way th e tasks of every layer we find or use in th ese typ es
of constructions.

Butyou also find it -however less detailed- in th e French DTU's (Document technique unifie) 26.2,
43.1 and 52.1 or e.g. in th e Belgian "Note d'information Technique" 161.

Th e Gennan Practice Code "Exte rnal tile and slab floor coverings" (J uly 1988 vers ion), for
example, offers direction s for planning a nd execution. The last page of this Practice Code is one of the
most important. Th er e we find th e standards and guidelin es which are in effect and which are taken
inte account in the Practice Code. Especially worthy of men tion in this connection is the reference to
the flat roof guidelin es, as well as (of course) the DIN 18 195, Part 5 (sealant s against unpressured
wate r) (DIN=Deuts che Industrienorm means German technical standard). While we cannot h ere
explore the flat roofguidelin es, Part5 of DIN 18195 should be examined in greater detail. Essentially
th js DIN is conc ern ed with offering constructjon principles
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For example, it states in P art 5, Paragraph 4.2:

"The sea la n t must surround or covcr the structure to be protected a n d prevent the
penetration of water."

In Part 5, Paragraph 5.1, DIN 18 195 requ ires: " In the planning of the structure which is
t o be water-proofed. .. the prerequisites for a professionallay.Qllt and executiQn Qf the
sealan t must be created. In doing this , the interaction between the sealant and the
st ructu re must be taken in to a ccount a nd, ifapplicable,the stresses imposed Qn the sealant
~must be kept within accep table limits through apprQpriate cQnstruction measures,"

And finally, Paragraph 5.4 of DIN 18 195 states:

Apermanentlyeffe ctiye drnjn .offofthe w a ter w h icb affects the sealant must be assured
t h r ou gh technical construction measures, e.g. by the lay-out of gradients. For the water'
proofing of s t ructure s in the ground, if necessary, steps must be taken in accordance with
DIN 4095.

DIN 4095 deal s with drainage systems.

Protective layers are dealt with in Par; . 0, Paragraph 3.2.1 : "Protective layers must
p ermanently protect struc ture sea la nzc ITo:::'. damaging influences, w hether these be of
s tatic . dynamic or therma l o ri g i n . The y ~ey~ :n individual cases, form u se layer s of the
struct ure."

Thus, according to DIN 181 95, Part 5, th e til e covering, as a protective layer designed for use,
is act ua lly a com p onent of the sealant syste m.

I would n ow like to focus on th e water trnn sp ort proce sses in s creed and cement.

What water transport proces ses are possible in screeds and cement?

Th e transport of water or water migration in cement and in other porous, min eral-boun d
construction ma terials can in principle be triggered by the following transport processes:

a .) laminar p ercolating flow as d escribed by Darcy's Law

b .) capillary water t ransport

c.) water vapour d iffus io n

Th ese processes can occur individually, but most often they are found to occur in combina tion .

On a.)The water transport in accorda nce with Darcy's Law requires an extensive wa ter satura t ion
of the cement or th e screed, and a h ydrostar ic p r e ssure d ifference as th e impelling force. Su ch
trans por t can only take place in hollow spaces of a certa in minimum size.

On b.) As it s impelling force, cap illa ry water t ra ns port requires differential moisrure levels in
the construction materia l , w hich then attai n a n e q u ilibri u m via the ca p illaries . Ascreed can
never com pletely flU with wate r th rough ca pillary wa te r tran sp ort a lone Holl ow sp ace s and pore s
ca nnot suck up wa te r in thjs wa y

On c.)Partial pressure is equi libra ted via water va pour diffusion.As a rul e, th e m oisture p rese n t
in the form of vapou r moves fro m warmer areas towar d s colder ones.

Water vapour' d iffus ion m ust be r egarded as the essen ti a l transport p rocess in s uch



construction rnaterials.

I would lik e to pre sent th e three th eoreti cal descriptions to you by using a number of diagrams.

Fig. 6: Sketch of communicating tubes

First. let's go back to th e lam inar percolating flow.

This dr awing makes clearer th e principle of "communicating tubes".

If! take a tube and introduce water at one end. th e water will ri se at th e other end to the same
height. If! create addi tional branches each oft hem wjJ! fill to the same leyel as th e others. (Of course.
th e greater the number of branches. the lower th is common level will be.)

Now. i f! attach a run-off drain ata certain level (to any of the branches). th e tube a s a whole will
empty down to the level of that outl et.

=====dUea,====iD=:=-====

Fig. 7a : Covering cross-section
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Fig. 7h: Tu be ske tch

If I now se t on top of this covering cross-sect ion the ske tch with the tube, it becomes clea r that all
the pores of the mortar bed function lik e communica t ing tubes. Result: the mortar is comp letely
sa t urate d with water.
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Fig. 7c: Mortar ~ lik e comm unicat ing tubes

Now, if under such a water-saturat ed covering the sealant is perforated at only one point, water
will esca pe at that point. A vacuum develops whi ch automatically draws more water after it ­
as long as the water la sts.



/ / / /

1 / / / /
;" / , / /

/ / /

/

/ /
/

/

,

, ,1~

./ //
, . ,. ~

/ /:
/

/ / /

/ / /1./

/
/ / /

Fig. 7d: Th e way as functions a dr ainage-system between sealant and screed/mortar

If I lay a drainage system between th e sealant layer and th e covering structure, the water
percolates in accord an ce with th e hydrostatic pressure grad ient down to th e sealant and can then flow
off the re.

Vet what happens to th e remaining water in th e capillaries?

Capilla ry moisture can only escape from th e covering structure via water vapour diffusion.

Th e following drawing will help clarify thi s.
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Fig. 7e: Norm ally vapour moves from th e warmer part to th e colder part
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The source of warmth normally comes from the covering surfa ce, e.g, through sunshine beating
down on it. Th us, there is usually a temperature gradient running from the surface in the dir ect ion
of the sealant. The wate r vapour diffusion therefore moves towards the sealant layer .

If a drainage system has been installed there, the water can escape either in the fonn of
va p ou r or in fluid liquid form,

Sjnce the ce ramic tUe surface js to a gr ea t e xtent yap our .prQo( almost n one of tb js m ojstnre could
escape up wards anywa y

Now, if the re is no drainage system un dernea th, t he wate r vapour condenses on the sealant layer
and percolating water begins to develo p, until th e covering stru cture is completely saturated with
water.

Let' s return once again t o the DIN 18 195, Part 5, Paragraph 5.4. It states: A p ermanently
effectiye drain -off of the percolating water which affects the sealant must be assured
through technical construction measures.

With respect to ceramic coveri ngs, these r equirements can only be fulfilled by install ing
a drainage system.

If we once again consider th e various water tran sport possibilities, then it is a virtual cer tainty ­
th e scientific community has until now done a stoni sh ingly lit tl e basic research in this area· that
water vapour diffusi on is th e most impo rtant moisture penetration process. This is very often
underestimated , even by spec ial ists. Of course, this diffusion also ha s its positive sides and
contributes · this cannot be ignored · toget her wit h capillary water tran sport to main tain ing th e
moisture which the screed requires .

Thus the important thing is to limi t th e magnitude of these moisture values through the
installation of a surface drainage system. Whoever fails to act in accordance with this work ing
co n t r ary to the r ecognized technical rules. Thi s is clear, now that drainage systems over sealant
layers have also been taken up in the new Practice Code conce rning "Outdoor tile and slab floor
cove rings".

In light of the potential warranty claims, th is is of decisive importance for companies carrying
out this type of work. Fro m this per spective, it may be that until now the wrong people have been
paying for a lot of damage.

Many years ago, we were ab le to presen t for th e first tirne > to th e members of the German
Siiu ref1i esner Association, at th e Snurefliesner Convention in Seefeld· a surface drainage syste m
which was functional and design ed to meet practical requirement s.
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Fig. 9: Working with n surface dra inage system

Th e fun ctional ab ility ofthis surfacedrainage system hasalsobeen demonstrated in a comprehensive
series of research studies conducted in GroBburgwedel.

The contents of this test certificate form a sort of standard for an y drainage syste m.

"Un der identical test conditions, when (the drainage system) was not used and the
ceram ic protective covering's bedding material was instead simply applied directly over
the sea la n t layer, an SO-tjmes longer perjod W llS requjred for th e same quantity of released water
to flow off."

And further : "The research finding cited wa s also confirmed through test variations
conduc ted with lime cement..•

The in ten de d leachin g out of easily soluble CaO components could thus be achieved
during the test."

And: "No impairment of the drainage capacity of the (drainage system) installed in the
test coverings was determined at any point during the test period."

The load imposed by a whirling arm tester with 12,000 point loadings of 150 kg each had
no n egative impact on the sea lan t , the covering or the function of the (drainage system).

Th e test resu lts also correspond to 9 years of pract ical experience with balconies and te rrace s,
parkin g surfaces, breweries, underground garages, pedestrian zones, etc .

I regard it as the task of all those involved with such ceramic surfaces -and particul arly the
specialists-, to work towa rds structures which function in accordance with the laws ofconstruction
physics an d the most advanced technology, in ord er above all to hold onto - or win back- terraces and
balconie s as potential markets for ceramics.

Th erefore specialists, a rchi tects, tile manufactu rers as well as tile layers mu st themselves mak e
the effort to understand th e la ws of construction physics.

We haye pre sented Qur findings in n brochure entjtled "Pla n n in g

D etails for B alconies. Terrace s and Flat Roofs".
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SchlUter .;Systems
Planning data

Balconies

Terraces
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Fig. 11: The brochure "Plann ing Deta ils fo r balco nies, terr aces and na t roofs", actually avai labl e
in Germ an , English , Fren ch , Dut ch and Ital ia n language; in preparation: Th e Spanish t ra nslat ion.
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Fig. 12: Bal cony-exam ple taken from the brochure "Planning details for bal conie s, te rraces and
flat roofs".

A last remark:

Since August 27, 1991 , we have th e confirmation that our proposals for balcony and terrace
constructions including the drainage sys te m as key-element correspond also to th e conditions of
French laws of guarantees in constru ction sector by an "AVIS TECHNIQUE" of Bureau Veritas.
Cons tructions recognized by th is Avis technique must guarantee ten years without damages.
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