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ABSTRACT
Danage in buildings due to noisture is frequent. The cause
of the damage nust be known in great detail so that the
proper renedi al neasures may be recomrended and liability
correctly determ ned. However, such a diagnosis is al npost
never based on scientific grounds but is nore or less a
'qual i fi ed guess'.

Thi s paper suggests a nunber of requirenents which a
di agnosi s nust satisfy for it to be conplete and correct:

a. Show that the damage is due to noi sture and not hi ng
el se!

b. Show where the source of noisture is |ocated!

c. Show why the danage coul d occur!

The paper gives details of how this procedure is run and
sone exanples frompractice of howthe different parts are
treat ed.

RESUVE

Les donmages dans |les batinents a cause d hum dité sont
fréquents. Pour pouvoir reconmander des propres nesures de
restauration et établir |a responsabilité correctnent, i
faut connaitre |la vraie cause de ces donmages. Cependant,
un tel diagnostic n’ est presque jamais basé sur un

fondenment scientifique mais sur une ’‘conjecture’ plus ou
noi ns qualifi ée.

Cet exposé propose un nonbre de demandes auxquel |l es un
di agnostic doit répondre pour étre conplet et correct:

a. Montrer c’est un dommage causé par |’ hunmdité et pas par
aut rechose!

b. Montrer ou |l a source de |"humdité est situé!

c. Montrer pourquoi |es dommages sont appar us!

Cet exposé donne des détails sur quelle est |a procédure a
suivre, illustré de gquel ques exenples sur la facon de
traiter les différentes parties.



1 | NTRCDUCTI ON

Danage in buildings due to noisture is frequent. The cause
of the damage nust be known in great detail so that the
proper renedi al neasures may be recomrended and liability
correctly determ ned. However, such a diagnosis is al nost
never based on scientific grounds but is nore or less a
'qual i fi ed guess'.

To make a diagnosis is to decide the cause of damage
whi ch has occurred. A diagnosis is built on data concerning
t he danage history and findings froman investigation. By
anal ysing this information the cause is decided in such a
way that it explains relevant findings and is shown to be
able to give rise to the danage history in question. If
this cannot be done conpletely, the diagnosis has a certain
degree of uncertainty. If the result of the analysis is
that several causes may be possible, additional information
or investigations are needed to distinguish between them

To give support for form ng an opinion on the question of
liability, it is usually required to force the diagnhosis so
far that it is possible to show that causality exists, i.e.
that there is a causal connection between the precise cause
of the damage and what sone party is responsible for. If,

on the other hand, the purpose of the diagnosis is 'only’ to
gi ve support for repair neasures, the diagnosis does not
have to distingui sh between different causal connections
that require the sane neasures.

To be able to make a correct diagnosis it is required to
have access to

a) know edge

b) comon sense

c) measuring techni ques

d) ability to conduct a searching exam nation
e) lack of preconceived opinions

It is not enough to have detail ed know edge of the damaged
material, the structure and the phenonena that gave rise to
the damage in question and to have access to the | atest
measuri ng equi pnent. A logic analysis and a searching
exam nation of one’s own and others’ data and findings are
equal ly inportant parts of the process of diagnosis.

To obtain a correct diagnosis in every separate case the
I nvestigator also has to manage his preconcei ved opi ni ons
In order not to be satisfied wth showi ng that the cause he
believed in already fromthe beginning may expl ain nost of
the findings and may explain the origin of the damage. The
true cause may be sonething quite different.



2 REQUI REMENTS FOR A DI AGNOSI S

Unfortunately there are several questionable ways of
determi ning sonething that is called a diagnosis of danmage
due to noisture. Sonme of them are obviously inappropriate
and quite incorrect.

One bad exanpl e is 'diagnosis by neans of elimnation’. A

list of 'possible’ causes is nmade and the investigation is
done in such a way that causes on the list can be

el im nated one by one. The one finally remaining is 'the

probabl e cause’. This is a dangerous nethod! Possible
causes (may be including the true one!) nay be m ssing on
the list. Use such a list only to plan the investigation
but for diagnostic purposes add one nore possible cause to

the list: 'A cause | did not expect’. Let the findings show
what it finally is, see bel ow

Anot her frequent but questionable nethod is 'di agnosis

based on neasures’. Alimted investigation does not give
support for a correct diagnosis. Instead the diagnosis is

based on a guess, on a 'qualified guess’ at the best.
Measures elimnating the guessed cause are taken and a
followup is made. If the neasures do not help, the guessed
cause may be the correct one anyway but the nmeasures were
not sufficient. If the nmeasures help it nmay be because the
nmeasures were so extensive that they elimnated al so the
true cause besides a nunber of other causes that needed no
neasures. May be the neasures did nothing; the problens may
have had di sappeared anyway! In all three cases the

'di agnhosi s based on neasures’ has a fundanental drawback: no
preci se experience is gained to use in other simlar cases.

'Di agnosi s by conparison’ i s anot her frequent but
irrelevant method to find the cause of damage due to

noi sture. The ’'investigation’ is limted to conparing the
structure in question with what was said in the codes of
practice, draw ngs, docunents etc. A divergence nmay under

certain circunstances be regarded as an ‘error’ froma
juridical point of view It is, however, a gross error to
clai mthat such a divergence, between what was pl anned and
what was carried out, is the cause of the damage. It may be
so, it may not, but it nust be properly shown in each case,
of course taking other alternatives into account.



2.1 Aformulation of the requirenents

A 'di agnosi s’ nust satisfy sone requirenments to be regarded
as a reliable diagnosis. These requirenents may be
expressed in this way.

A di aghosi s nust

a) show a connection between noisture and damage, i.e. show
that the damage is due to noisture and not sonething
quite different!

b) show the origin of the noisture, i.e. fromwhere the
noi sture was suppl i ed!
c) show the causality, i.e. why this noisture source could

cause the damage!

If these requirenents are not satisfied by a diagnosis it
cannot be trusted and needs i nprovenent.

How this is done is shown in the foll ow ng. However, al
the details in collecting information and investigating the
conditions of the building and the damages are not shown in
thi s paper.

3 CORRELATI ON OF DAVAGE W TH MJ STURE

That it really is a damage due to noisture is shown partly
wth a material analysis to determ ne the type of damage
and partly by a noisture neasurenent in the damaged
material. The noi sture neasurenent shall prove that the
material is too wet, i.e. its current state of noisture is
wel | above the critical state of noisture for the type of
damage in question. Expressed in terns of relative humdity
RHin the materials one gets

1{I_Icurr > RHcrit [Eq 1]

If this is not true, but the analysis of the material shows
that it has been danmaged by nvoisture, the continuation of
t he di agnosis nmust show that the material was wetter

before, i.e. include a 'noi sture historiography'.

It wll be even nore obvious that it is a noisture
damage if the connection between noisture and danmage is
verified by nore than one noi sture neasurenent.
Measurenents al so in undamaged parts of the material and in
parts with | ess danage may show a connecti on between the
di stribution of the damage and noi sture, i.e. between the
degree of danmage and the state or content of noisture. If
there are sonme doubts concerning the role of noisture in
the occurrence of the damage, showi ng such a connection may
be a suitable foundation for a judgenent.

When conparing the current |evel of noisture (RH,, and
the critical one (RH.), one has to renenber that, in
principle, noisture danage has one (or a conbination) of
these two causes: a) A material became too wet, i.e. RHu
was too large (due to errors in the design or production or
due to abnormal noisture sources) or b) A material was too
sensitive to noisture, i.e. RH, was | ower than expected
(but the structure behaved as pl anned).



4 ORIG N OF MO STURE

The source of npisture can be di scovered by measurenents.
Two quite different techniques are used dependi ng on

whet her the structure is ventilated or not. In sone
structures both techniques are used; the first one to
interpret the results of the second one.

4.1 Additional noisture to the ventilation air /2/

Di fferences in vapour content in the ventilation air
between different parts of a ventilated structure are
direct indications of noisture sources within the structure
itself. If the increase in vapour content is too high or
enough to cause the damage, it requires to be expl ai ned.
The production of noisture nay be too high or the
ventilation may be too | ow, both aspects have to be

exam ned.

4.1.1 Exanple 1. Crawl spaces

Crawl spaces in Sweden are usually very wet each sunmer
when the outdoor air is warmand hum d and the crawl space
is fairly cold. To detect a possible npisture source in the
crawl space the vapour content in the craw space is
nmeasured and conpared with the vapour content in the
outdoor air. If the vapour contents are identical no

noi sture source is to be searched for in the craw space.
The cause of high humdity is noisture supplied fromthe
out door air and the cold conditions in the craw space.

4.1.2 Exanple 2: Ventilated, heated slab on the ground /2/
A floor structure with a concrete slab on grade, where the
foundati on and the concrete slab were heated every night,
had extensive condensation in a wood particle board on top
of the concrete slab. The structure was ventil ated bel ow
the slab with indoor air. The noisture source was

determ ned by neasuring the vapour content in the
ventilation air before and after it passed through the
floor structure. Since they were identical it could be
shown that the noisture originated fromexcess noisture in
the concrete slab itself and not fromthe ground.

4.2 Moisture flow directions
To explain the noisture source to a danmaged part of a
structure it is of decisive inportance to determ ne the
direction of noisture flowto that part. If this
determi nation gives erroneous results it is highly
i npr obabl e that the diagnosis wll be correct.

In structures that are not ventilated and have no air
| eakage, the source of noisture can be determ ned by
eval uating the noisture flow directions from neasurenents
of the noisture and tenperature distributions in the
structure.

Vapour flow occurs parallel to the gradient in vapour
content ¢ fromregions with a higher to regions with a
| ower content. The distribution of vapour content is
determ ned from neasurenents of the distribution of
relative humdity RH and tenperature T in sections of the
structure.

Li quid noi sture flow occurs parallel to gradients in

pore water pressure Py, provided a continuous |iquid phase



exists in a part of the pore system Since Py, is extrenely
difficult to measure directly the direction of liquid flow

is estimated in other ways. The RH (¢) is a good
alternative for cenent based materials |ike concrete where
sone liquid flow takes place well below 100 % RH Wth V as
the nolar volune of water the relation is

P RTI [Eq 2
=—1In

FromEq 2 it is obvious that the gradient in RH al so shows
the direction of liquid flow except for materials with
| arge tenperature gradients. Extrenely precise neasurenents
of RH are needed, however, to show the flow direction.

In nost other materials the direction of noisture flow
can be estimated fromdistributions of noisture content or
degree of capillary saturation, although with sone
uncertainty because of hysteresis and variations in the
mat eri al conposition.

The interpretation of the neasured directions of
noi sture flow nust include information on the structure,
material properties, type of noisture flow (vapour or
liquid) and (noisture) conditions in adjacent parts of the
structure. This interpretation is further treated in the
next chapter. Figure 1 gives the interpretations in the
nost si npl e case.

a) 3\\\5 b) 3/§ c) 3

a) Flow passing point 2 upwards. Oiginates frompoint 1 or
further below or from si deways flow to point 2.

b) Fl ow passing point 2 downwards. Oiginates frompoint 3 or
above or from sideways flow to point 3.

c) Flows from point 2 upwards and downwards. Originates from point
2 (excess npisture?) or sideways flow to point 2.

d) Flows to point 2 from bel ow and above. |ncreases the noisture

content in point 2 or ’escapes’ sideways

Figure 1 Interpretations of noisture flow directions at
one point (No 2) in a honogeneous nateri al



4.2.1 Exanple 3: Slab on expanded clay on the ground /2/

A concrete slab on the ground had an underlyi ng heat

i nsul ation | ayer of expanded clay particles. The results of
measurenents are shown in Figure 2 including the vapour
cont ent.
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Figure 2 Distribution of tenperature T, noisture ratio u
relative humdity RH and vapour content c

The vapour distribution shows a dowward fl ow and an upward
flow fromthe center of the slab! It seens as if there is a
noi sture source in the slab. The distribution of u and RH
however, shows a liquid flow fromthe ground to the center
of the concrete slab. The capillary suction through the
expanded clay | ayer and part of the slab is the noisture
source for the vapour fl ow

5 CAUSALI TY

To show why noisture froma certain direction could give
rise to excessively wet conditions a nunber of neans are
used:

- Precise observations

- Measured noisture distributions

- Analysis of material properties

- Cal cul ated noi sture distributions

The causality is shown by anal ysing the precise
observations of the type of damage and the damage

di stribution and by conparing neasured noi sture

di stributions with predicted ones. Uncertainties regarding
material properties may require a material test to be done.

5.1 Preci se observati ons of damage

Det ai | ed observations of the damage may be of significant
hel p, and sonetines conpletely decisive, for the diagnosis.
In order to achieve this, however, the observations nust be
preci se.

5.1.1 Precise observations of where there is danage and
where there is not

Preci se observations of how the damage is distributed in

the structure and of the degree of damage are essenti al.

Any connection between such a distribution and differences

in the design of the structure, material properties,



surroundi ngs of the structure etc will be a significant
contribution to the final diagnosis.
Exanpl es of such observations are: condensation on

wi ndow gl asses, outer or inner pane?; wet spots, 'free

wat er’ or only col our change?; efflorescence of salts and
corrosion products as an indication of liquid noisture
flow, |ocal damage, problens or wet conditions nust have a
| ogi cal explanation: |ocal variations in the design of the
structure or |local noisture sources?

5.1.2 Precise observations of noisture conditions

Preci se observations of whether 'free water’ is, or has
been, present or not are decisive. Free water can only

ari se fromcondensation or | eakage and not fromcapillary
suction. Traces of running water or species transferred by
water, visible water tables, visible nmould growmth etc prove
the presence of true free water, currently or earlier,
which is another significant contribution to the diagnosis.

5.2 Conparison of neasured and predicted noisture profiles
The noi sture source (cf. 4.2) that has given rise to the
current RH, higher than the critical one, consequently
caused the damage, but nmay be a natural consequence of the
design of the structure and the choice of materials. This
i's shown by a conparison with a predicted noisture
distribution, usually froma calculation. If the two
distributions are identical the cause of the danage is an
error in the design

If, on the other hand, the neasured and predicted
noi sture distributions do not coincide, the deviation nust
be expl ained. That explanation fornms another inportant
basis for evaluation of the causality, cf. 5.3.

These al ternatives nust be closely exam ned:

a) one (or nore) material has properties different fromthe
ones assunmed or expected, such as noisture flow and
bi ndi ng properties.

b) the boundary conditions are different fromthe ones
assumed or expected, such as tenperature distribution,
abnornmal conditions during neasurenents and occasi onal
wet ti ng.

c) the initial or earlier conditions were different from
t he ones assunmed or expected such as climatic conditions
during construction, anount of excess noisture absorbed
during manufacturing, construction or froman earlier
| eakage.

I f the damage occurred sone tine ago and the damaged
material is currently dry, a noisture history has to be

'witten” fromthe tine of construction or fromthe tine of
an occasional wetting. Such a prediction is of course a
difficult task. If the current noisture profile still shows
a certain noisture flow that can be believed to have
prevailed for sone tine it is possible to estimate earlier
di stributions quite accurately.



5.2.1 Exanple 4: Slab on expanded clay on the ground /2/
The expected noisture distribution in Exanple 3 is conpared
with the nmeasured one in Figure 3.
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Figure 3 A conparison of nmeasured and predicted (dotted
line) nmoisture distribution. It is assumed that
there is no capillary suction, cf. Fig 2.

In the predicted distribution, vapour flows fromthe ground
through the structure but the neasured distribution shows a
downward flow of vapour and an upward flow of liquid. The
assunption is obviously incorrect. The high capillary
suction capacity of the expanded clay can explain the

di fference and was shown in a separate material test.

5.3 Final evaluation
In the final evaluation all the information, data and
findings are put together to find the cause that explains
all of them satisfies the requirenents in Cause 2.1 and
| eaves no | oose ends! If this is not possible the
i nvestigation has to be inproved.

These tasks are to be treated one by one:

1) Collect all the information, data and fi ndi ngs
concerning the structure, materials, damage history and
di stribution, moisture levels, flow directions,
noi sture distributions and noi sture history.

2) Question and analyse all of it and judge its
reliability!

3) Enough? Evaluate whether it is a conplete basis for
concl usi on!

4) Inprove the parts not satisfying 2) and 3)!

5) Conclude and state the cause of the danmage!

5.3.1 Exanple 5: Wt spots at a basenent floor /2/
Cccasional, and | ocal, wet spots at a basenent floor were

I nvestigated. Mdisture neasurenents showed a conti nuous

noi sture flow fromthe ground, liquid flow at the bottom
but vapour flow closer to the top surface. This could not
expl ain occasi onal wet spots even though the bottom of the
floor slab was partly and continuously imersed in water.
By showing a correlation between the surface tenperatures,
the history of vapour contents in the outdoor air and the
hi story of the wet spots, it was concluded that surface

condensation fromthe indoor air was the cause of the
pr obl ens!



6  CONCLUSI ON

A di agnhosi s nust be based on a nunber of things:

- precise information and observations of the structure and
the location and type of damage,

- accurate measurenents of vapour contents in ventilated
parts of the structure,

- accurate neasurenents of noisture distributions in the
structure close to the danage and at sone di stance

- analysis of naterial deterioration and nmateri al
properties,

- questioning and thorough exam nation of all the collected
i nformati on,

- inprovenment of the information if necessary.

The causality is shown if the requirenents in Cause 2.1
are satisfied and a cause is found if it explains all the
i nformati on and findings and | eaves no | oose ends!

If this foundation does not exist as a basis for the
conclusion, the diagnosis is not a reliable one!
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