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Abstract
In many countries with a cold climate, basemengsuged as dwellings. This presents a major
challenge concerning moisture safety design. Cknthtange is expected to increase the risk
of moisture-related damage in basements owingd®asing amounts of stormwater, annual
precipitation, and annual temperatures. This stexigmines the primary moisture control
strategies for habitable basements in western dotthte countries by identifying the main
differences and similarities in national buildingcommendations for new buildings. Using
Norwegian design guides as a baseline, we idetitiBa key challenges and compared them
with four other cold climate countries’ recommenalas given by experts in the field of
building physics (building science). The results owbd that other countries’
recommendations differ from those of Norway in gas key challenges. However, similar
but varying recommendations pertaining to groundase slopes, drainage layers, drainage
pipes, capillary breaking layers in floors, avoglithermal bridges, airtightness, and
ventilation were noted. The key differences peddito the exterior damp proofing of walls,
use and position of dimpled membranes and vapouiebs and use of permeable thermal
insulation. The outcome is that countries emphasiiee ten key challenges differently.
Although the recommendations have many similatititee weighting (or prioritizing)
distinguishes the five countries’ moisture consiétegies.

1. Introduction

Moisture control is a fundamental aspect of butddesign; it involves avoiding the damage
caused by moisture and the decay and extra heat dagsed by wet materials. Most
importantly, it aims to ensure occupants’ health eamfort.

Climate change scenarios predict more frequentraoce intense precipitation events with
heavy rainfall and rainfall-induced floods in maggographical regions with cold climates
[1]. Precipitation during the year might also bstdbuted differently compared to the current
situation. To endure increasing amounts of storrewalongside the increasing annual
precipitation, buildings must be adapted to theses.

Habitable basements can provide many advantaggs, reduced heating- and cooling-
demands, maximizing the main living area and priogdncreased weather protection at
exposed sites. In Norway, especially in denselyupadpd areas, utilizing basements for more
than just storage is desirable. Moisture-relateshatges, however, are a major challenge in
basements, and likely to increase with climate gkaj2]. The risk is associated with the
increasing amounts of stormwater alongside theeasing annual precipitation and annual
temperatures. In many municipalities in Norway,tmeBons have also been introduced on
roof water runoff, meaning that water no longer bancarried to the municipal stormwater
grid, but should be infiltrated/ delayed on site.

Norwegian recommendations for moisture controlabitable basements are provided in the
SINTEF Building Research Design Guides [3]. Theynpty with the performance-based
requirements in the Norwegian building code [4] aack an important reference to
documented solutions in the technical regulatidriee design guides adapt experience and
results from practice and research into practicahelits to the construction industry.
However, due to both increasing moisture loads medeasing insulation thicknesses in
basements, new knowledge, methods, and tools adedeto substantiate and improve
current recommendations. These design guides tatesthe baseline for an international
comparison of cold climate strategies for habitdda@sements.
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The aim of this study is to provide an overview ro&in moisture control strategies for
habitable basements in cold climate countries, stigate differences and identify main
learning potential.

The study includes: (1) recommendations for mogstmtrol in habitable (heated) basements
in new buildings above the groundwater level, @ommendations for the terrain surface
next to the building, (3) recommendations for e@rtedrainage (drainage outside basement
walls, floor or foundation), (4) recommendations tbermal insulation, airtightness, damp
proofing and moisture protection of walls, floordamhe transition in-between and (5)
recommendations for the ventilation of indoor aithe basement (as this affects the moisture
conditions in the basement envelope). More spedificten centres of interest have been
identified throughout this research, see Table 1.

To address these general inquiries, the followesgarch questions are raised:

1. Using Norwegian guidelines as a baseline, how dowiestern cold climate countries
building recommendations differ with regard to liabie basements?

2. What main differences and similarities can be iieql?

3. What main learning potential can be identified?

Limitations

Given the extent of the research field, certaintifions are determined. We do not address:
(1) recommendations for rehabilitation, refurbisimtyeand restoration, (2) recommendations
for structures exposed to permanent water presg8yaecommendations for interior walls

and intermediate floors, (4) recommendations feerior lining (aesthetic recommendations)

beyond what concerns the moaisture protection/aalirsg as this affects the moisture

protection ,(5) recommendations for excavationugbstabilization and other groundwork

outside the draining layer and (6) recommendatiooscerning the structural elements

beyond what concerns the moisture conditions,the.elements normally contain moisture
that must be able to dry inwards, outwards or both.

The main national recommendations for habitablein@snts provided in Appendix A-E are
independent of the design of the structural elemantess otherwise specified in the tables.
Figure 5-9 illustrates how basements can be dedigneneet the national recommendations,
hence the structural elements in these figureguate®ne of several different solutions.

2. Theoretical framework

The main focus of this chapter is to establish ageustanding of moisture control strategies
for habitable basements in cold climates basedchtamnational research. Arriving at such an
understanding is not a straightforward task because

- recommendations for basements vary according terakvactors, e.g. local building
practice, local climate, local ground conditionational regulations, material availability,
and economy.

- the basement envelope system consists of severakats that separate the indoors from
the outdoor environment, both above and below gradg basement walls (both above
and below ground), basement floor slab, jointgrsgctions, and drainage.
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- the basement envelope elements consist of severalsystems, materials, and
components that have many different and sometimestradicting performance
requirements to fulfil.

Our strategy has been to understand the acknowlelgand weighing of different factors
concerning such building elements. The main idda @rticulate how moisture resilience in
habitable basements is sought and ensured in tle dimate countries. The vocabulary
outlined is based on a thorough analysis of thexdgran SINTEF Building Research Design
Guides [3] and what challenges are found to bertbst important there. These design guides
do not, however, constitute any significant limgtifactor to the analysis. Rather, they serve
as a point of departure on which the analysis aambde useful. The key challenges can be
defined as in Figure 1.

1. Water from rain and snowmelt (including
down-pipes).

2. Water pressure on exterior walls below the
ground.

3. Water pressure against the construction
from a rise of groundwater.

4. Water from the terrain surface or from the
ground that reaches the surface of the wall.

5. Capillary rise of moisture from the ground
through the floor and foundations.

6. Transfer of water vapour from the ground
through the floor

7. Moisture condensation on, and drying
capacity of, the basement walls.

8. Thermal bridges.

9. Air leakages (moist air and radon gas)
from the ground to the structure and
indoor air (walls and floor).

10. High indoor moisture supply from cloth
drying, cooking, showering etc.

Figure 1. Key challenges in habitable basements.

The literature sources regarding the key challenlifésr. More existing literature was found
on the subject of relatively narrow technical feld’hese are explained in Table 1. Certain
studies cover the topic in a more general manngr[¢$, [7], [8] and [9]. These broader
studies are to a certain extent included in théetllit are also discussed more extensively
below. Some other studies are more concerned Wwétnmal conditions [10], [11], [12] and
[13].

Table 1. International research sorted on the ten key challenges for habitable basements.

Key challenges | International research for habitable basements

1. Water from | - Roof drainage systems [14] (ch. 1, p. 34-35)
rain and - Site drainage [14] (p. 28-31)
snowmelt - Site grading [5] (ch. 4.1), [15] (ch. 4.1.1.2)

Infiltration [15] (ch. 4.1.1.3), [16]

4
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Modelling of stormwater management [17]
Flood protection [18]

2. Water
pressure on
exterior walls

Drainage [15] (ch. 4.1.1.4)
Draining backfill [19]
Draining insulation [19]

below the - Moisture in drainage layers [20]
ground - Foundation drainage [14] (ch. 1, p. 34-35)
3. Water - Drain pipes [15] (4.1.1.4)

pressure agains
the construction
from raising of

Ground conditions [21], [19]
Water content distribution beneath building fournatad [22]
Flood Risk Associated with Basement Drainage [23]

groundwater
4. Water from | - Capillary breaking layer, wall [15] (ch.4.1.3.5)
the terrain - Draining insulation [15] (ch. 4.1.3.5), [24]

surface or from
the ground that
reaches the
surface of the
wall

Drainage and Capillary Rise in Glass Fibre Insafaf25]
Moisture transfer [26] (ch. 2.4)
Vapour transfer [26] (ch. 2.3)

5. Capillary rise
of moisture
from the ground
through the
floor and
foundations

Capillary breaking layer, floor [15] (4.1.1.5)
Moisture transfer [26] (ch. 2.4)

Soil material properties [19]

Capillary rise in concrete floors [27]

6. Transfer of
water vapour
from the ground
through the

Vapour barrier, floor [15] (3.4.1 and 4.1.2.1)

Heat, air, and moisture conditions of slab-on-gob[28]
Vapour transfer [26] (ch. 2.3)

Thermal performance [10], [29], [30]

floor
7. Moisture - Thermal insulation below grade [31], [32], [33]4]3[15] (ch.4.1.3)
condensation | - Basement Condensation [14] (p. 34-35)

on, and drying
capacity of the
basement walls

Moisture transfer [26] (ch. 2.4)

Moisture diffusion [35]

Coupled heat and moisture transfer [36]
Moisture/air/vapour/soli gas barrier/retarders([§j. 2.7 & 2.8.)
Surface condensation and drying [26] (ch. 2.3.6.3.)

Heat and moisture flow in soil [37]

8. Thermal
bridges

Dynamic modelling of thermal bridges
Thermal bridges [26] (ch. 1.2.3.4 & 1.5.4), [38h(8.4.1.)
Performance of Rigid Polystyrene Foam Insulatidd] [3

9. Air leakages
(moist air and
radon gas) from
the ground to
the structure
and indoor air
(walls and
floor)

Radon barriers [40]

Radon and moisture infiltration [15] [15] (ch. 4.17)
Air transfer [26], (ch. 2.2)

Air transfer through the building envelope [38] (dh2.)

Factors influencing airtightness and airtightnessietling (review) [41]

Dynamic wall system [42]
Radon transport [43], [44]

10. High indoor
moisture supply
from cloth
drying,

cooking,

showering.

Ventilation of a building [38] (ch. 4.3.), [45]
Ventilation strategies [46], [47]

Indoor moisture supply [48], [49]

Moisture supply [50], [51]

Although much research has been done on all thiifgdel key challenges, little work seems
to have been done so far on their interrelatioms. d&Ssessments, national recommendations

within chosen cold climate countries have beenesaibg to scrutiny.

5
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3. Methodology

3.1. Research procedure
The methodological approach for the study has lseemewhat complex (Figure 2). Related
literature articles could not be found; thus, wealekshed an overview through initial
literature review from February to May 2017. Theerature review proved challenging
because little research was found about the subgldt To advance the work, a thorough
scoping literature review was carried out, systealy examining the leading journals
within the field although the outcome was disappom The limited insights achieved
indicated the need for a more direct approach. ingadxperts from cold climate countries
were directly contacted. These were challenged tovige overviews over main
recommendations within the field for their respeetcountries. The analysis exposed in this
article is mainly based on these insights provided.

Step 1 Step 2 Step 3 Step 4
Preliminary — Initial literature —  Scoping literature  — Direct contact
litterature review review review with leading experts
N ) ) )
Search for synthesis of S : Guidelines, white Overview over national
: Guidelines, white : ;
moisture control : papers, technical recommendations
. papers, technical
strategies for e reports -
basements P - Main challenges
l T Journal papers, confer- 4
ence papers
Limited and incoherent Fuzzy framework & Thorough insight
output conditions Limited insights in national

procured recommendations

Figure 2. Research procedure.

In the following section, we distinguish betweerreth main sources of information
concerning the overall strategies on the subjeanoisture control strategies for habitable
basements. The first is regarding the descriptibmoonmon practice within the different
countries examined. The second concerns the maommendations for practice from
authoritative sources. The last concerns descngtiof special cases. The analysis of
international literature did not yield informatido be characterized as a proper source of
information.

3.2. Preliminary literature review
A preliminary literature review was carried out kebruary 2017. We first attempted to
identify literature articles about the subjectdiethe lack of such work initiated an attempt to
establish such an overview through an initial éitare review. Search words, search engines
and databases included in the preliminary litemteview are given in Table 2.

Studies concerning moisture in building parts othen basements, heat and moisture
transport in general, and damage caused by moigtare easily found. Scientific studies
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dealing directly with moisture control strategiesrecommendations for new and habitable
basements were harder to find.

3.3. Initial literature review
Considering the limited and incoherent results frtwa preliminary literature review, a more
thorough literature review focusing on official dalines, white papers, and technical
guidelines/reports was carried out in the sprin@@f7. In addition to basements, this review
has also included recommendations for crawlspacgsiab on the ground.

The publications identified proved to be highly dreggeneous. From Science Direct, the
results were quite limited, i.e. mainly focusing special foundation cases, new material
tryouts or building defects. Using Google and Geo8tholar, examples of actual practice
were easily found, e.g. drawings and recommendafimm material manufacturers. Overall
recommendations, however, proved hard to find fastmcountries. The exception was
Denmark where design guides regarding moistur@aseiments could be found [52] and [53].

Search words, search engines and databases ingtutieg initial literature review are given
in Table 2. The search focused on the followingntoes;
Norway, Sweden, Denmark, Netherland, Belgium, USAnada, and Germany.

3.4. Scoping Literature review
Given the unclear national legacy of the resultstha initial literature review, a more
thorough literature review of scientific publicaig reports, drawings, internet pages, and
design guides was carried out spring of 2017. Bveew was carried out as a scoping study
according to the prescriptions [54]. As commentgdihese authors, scoping studies differ
from systematic reviews in that they typically dot mssess the quality of included studies.
This might be considered a significant disadvantdgsvever, as is further underlined by
these authors [54:1], “scoping studies may be qQddily relevant with disciplines with
emerging evidence”.

The review was conducted to obtain an overvieneobmmendations for the moisture control
of habitable basements in cold climate countriesngidy, Denmark, Sweden, Belgium,
Netherland, Germany, Canada, and the USA.). Howeklrerreview showed that it was hard
to find relevant information regarding general aaél recommendations in other countries
than in Norway and Denmark. One particular reasorhis was that they do not have design
guides such as the SINTEF Building Research DeSigides [3], DBRI Guidelines [56] and
BYG-ERFA [57]. USA and Canada equally stand outsithey have national guidelines
covering the topic [14], [5].

Scientific papers and journal articles generallgirads special cases (i.e. specific projects and
new solutions, measurements, calculations, detailsj are therefore not a good source of
more general national recommendations. Google andgl@ Scholar searches were also
performed, and it yielded more relevant resultsyéwer, the information was of variable
quality and thus was not optimal to provide an adég overview of national
recommendations.

A particular challenge entailed identifying reconmdations and guidelines in languages not
familiar to the researchers (e.g. Dutch).
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244  Search words, search engines and databases indiudée scoping literature review are
245 givenin Table 2.
246
247  Table 2. Search words and combinations included in the literature review.
Literature Search engines | Search words
review and databases
Preliminary | - Science Direct| basement* (basement, basements), cellar* (celleitars), "foundation
(Step 1) - Oria wall** (foundation wall, foundation walls), moistey moisture safety,
(Norwegian "moisture control strateg*' ("moisture control $&gy", "moisture contro
library database) strategies”), design guide*, (design guide, desinides) guideline*,
- Google (guideline, guidelines) recommend* (recommend, maoending
- Google scholar recommendations).
Initial Same as Step 1| basement, "basement wall below ground”, "basemeiit elow grade",
(Step 2) "basement wall below-grade", "foundation wall", wtspace, "slab on
ground", "insulated basement”, "exterior insuldtedement".
Scoping Same as Step 1| Different sear ches combining one sear ch term from each column
(Step 3) and Step 2 Searchterm 1 A| Searchterm2 | A| Searchterm3
+ basement* N| moisture N| design guide*
Tailor & Francis| (basement, basements) | D D! (design guide,
Online design guides)
cellar* (cellar, cellars) moisture safety guidetfine
(guideline,
guidelines)
"“foundation wall*" "moisture recommend*
"wall* below ground" control strateg*" (recommend,
"wall* below the ground" ("moisture recommending
"wall* below grade” control ) recommendations
"wall* below-grade" ftrat_egy X )
—- moisture
"building* below ground" control
"building* below the Strategies")
ground"
"building below grade”
"building below-grade"
248
249
250 3.5. Assessing the main challenges within the Norwegian context
251 To identify the main challenges for moisture cohttbhabitable basements, a desktop study
252  of recommendation within the Norwegian context wasducted. The object of the study was
253 the SINTEF Building Research Design Guides [3],clhprovides authoritative guidelines
254  for industry practice.
255
256 The guidelines are very comprehensive in natureeriog almost all the fields of buildings.
257 Providing a sample found relevant for the study Wwased on a detailed selection process.
258 First, planning and building details titles weretatiguished. The building detail series was
259 subsequently scrutinized in detail. For the analy$iabitable basements and year of
260 publication were chosen as selection criteria. Tgngcess is illustrated in Figure 3 and
261 resulted in the development of the ten key chabentjustrated in Figure 1.
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SINTEF Building Research Design Guides
800 design guides

Planning Building Details Management
130 design guides 478 design guides 192 design guides
d

Based on title, 35 were relevant for
structures blow grade

{

Based on detailed examination
and subjective assessment, 14
were of particular interest for

habitable basements

)

Detailed content analysis of
14 showed overlaping and
contradicting recommendations

2

Recommendations from the
newest most comprehensive
design guides included in the
Norwegian contribution (Table 3)

\

Ten key challenges
(Nustrated in Figure 1)

Figure 3. Illlustration of the sorting process used for content analysis and final table (Table
1).

3.6. Involvement of international experts
The scoping literature survey was conducted toiobéa overview of the recommended
solutions. This did not, however, provide a suéfidi knowledge base for understanding
national recommendations. Therefore, experts withenfield of building physics (building
science) from countries characterized by cold demavere invited to contribute with detailed
information on recommended building practice.

Based on the ten key challenges identified in thalysis [3], experts were asked to
contribute, with detailed information on recommenhdmiilding practice in their respective
countries, to the following three requirements:

1. Describe the key elements and recommendationshie\ac optimal moisture safety
for habitable basements in new buildings in yowntoy.

2. Attach 1-2 detailed figures that exemplify how thescommendations can be built.

3. Write a short introduction to the use of basemant®ur country.

The experts were also given a Norwegian exemplitinaof the required contribution. The
Norwegian exemplification is based on a contentyaim [3] according to the prescriptions
[58].

The involvement of international experts in thesggsh process is illustrated in Figure 4.
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Step 4 - Direct contact with leading experts

Categorization _, Main national

: Differences =  Exploration >  Implications
(Key challenges 1-10) recommendations I - I il

Figure 4. Detailed illustration of the involvement of international experts.

3.7. Choosing leading experts
Results and implications are based on contributitom the invited experts.

When deciding on what experts to involve in thekygelection criteria were established.
First, 5 countries, Finland, Denmark, Sweden, Hatand Canada, were chosen based on the
following selection criteria;

1. Geographical location
2. Climatic conditions
3. Availability

Secondly, one expert from the field of building pitg (building science) from each
respective country was selected according to fpmomwledge of their contribution within the
field from the originators of the research. The extp were contacted and invited to
participate in the analysis. Of the five selectepegts, one did not submit his contribution.

3.8. Limitations to the analysis
Several limitations to the analysis have to be askedged. Firstly, within each country,
there might exist other main recommendations thased that the expert have included in
their contribution. If we could have asked morentlmme expert from each country, perhaps
this source of error could have been less. Secotityten key challenges in the Tables are
based on the content analysis [3] and what Norwesggxperience as challenges. Initially, we
thought other countries would make their own listcballenges, but they all based their
contributions on the Norwegian challenges and achaee of their own. If we had made the
table differently, we might have left one box a thottom open and asked the experts to add
their own challenge(s) if they had any. Thirdlye tBxpert might have misinterpreted the
content of the Norwegian Table.

Whilst all these limitations might have some beguam the analysis, their influence does not
seem sufficient to significantly undermine the meomclusions presented in this article.

4. Results

4.1. Summary of main findings
In the following section, the main results sortgdtlive ten key challenges, see Figure 1, are
presented.

#1: Canada recommends that the building shall tetéal so that water will not accumulate at
or near the building. Norway, Denmark, Sweden, Bstbnia additionally recommend that
the ground surface next to the building is levellsdh a slope at a distance of 3 m.
Differences in the size of the slope are from 12Q:50. Norway recommends the sleekest
slope (1:50). Denmark additionally recommends thattop layer of the ground should be

10
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less permeable than the draining layer on the iexteside of the insulation. Estonia
recommends a dense covering of the paved surfaces.

#2: All countries recommend a drainage layer ondkerior side of the basement walls.
Norway, Sweden, and Canada recommend free-draigrmagular backfill or draining
insulation. Denmark recommends both. Norway, Dekmand Sweden additionally
recommend a geotextile to protect the drainingrsggainst fine-grained material from the
ground. The recommendations for the type and tlésknof the drainage layer also has
interesting variations. Estonia recommends a dgankyer >200 mm thick. Sweden
recommends a drainage layePO0 mm thick composed of sand or gravel. Norway
recommends either at least 200 mm free-drainingugaa backfill or draining insulation with
the same capacity. Canada recommends either atllgadsnm free-draining granular backfill
or >19 mm mineral fibre insulation. Denmark recommeattiser special draining insulation
boards or standard insulation boards with additidreining boards and an additional layer of
>200 mm backfilling with good draining capacity.

#3: All countries recommend drainage pipes with eatifferences in the given details e.g.
use of geotextile, pipe-dimension, and position.nidty recommends drainage pipe
surrounded by gravel and enclosed by a geotextiide in Denmark one of these options can
be chosen. Sweden recommends drainage pipes wiintemal diameter70 mm with
drainage layers around and a geotextile to protieet draining layer. Canada specifies
drainage tile or pipe 0f100 mm diameter with top and side covered wit’0 mm gravel.
Estonia recommends that the highest point of tléndge pipe must be at least 0.4m below
the lower surface of the slab on ground and thatdfainage pipe below the slab on the
ground should be below the capillary breaking digenlayer (crushed stone or splinters) and
below the lower surface of the basement wall.

#4: All countries have one or several differentoramendations regarding this challenge.
They all recommend a water repellent capillary kireg layer of some kind, on the exterior
side of the wall or on the exterior side of extefirwsulation. However, the material, design,
and position vary among the countries. The capillareaking layer can either be dimpled
membranes, some kind of water repellent treatnamtaring or both, or it can be bitumen-
saturated membrane. Canada recommends a watdengpayer on the exterior wall surface
and a bitumen-saturated membrane where hydrogta@ssure occurs. Denmark recommends
that if possible (if not water pressure or exteasimater load from rain), the exterior side of
the basement wall should be kept diffusion opeorder to ensure the drying potential of the
wall. Norway recommends dimpled membranes on theriex side of exterior vapour
permeable thermal insulation. In Estonia, dimpleémbranes are used more for the
protection of insulation. Sweden recommends antiad@l waterproof membrane from the
bottom of the concrete slab and 500 mm up on th&driof the wall.

#5: All the countries recommend a capillary barraérsome kind in the floor to avoid
capillary rise of moisture from the ground, but tigpe, thickness, and position vary. Sweden
recommends a layer of coarse crushed stone maté68l mm thick and a geotextile. Canada
recommend&100 mm coarse clean granular material beneatHdbe Norway recommends
both insulation and100 mm thick granular layer below the building andeotextile if there

is a risk of rising groundwater or very soft buidiground. Denmark recommenes50 mm
coarse gravel, coated lightweight granular or rigmessure-proof insulation. Estonia
recommend$200 mm thick layer of crushed stone or splinterd argeotextile below that
layer if the base ground is clay or silt,.
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#6: All the countries have different recommendaioegarding water vapour from the ground
through the floor. In Denmark, no moisture barreeneeded for the typical construction with
reinforced concrete slab, unless moisture-sensitivering materials are used. Norway
recommends a moisture barrier between the insnlaod concrete floor. Canada
recommends damp proofing below the floor-6f15 mm PE. If a separate floor is provided
over a slab, damp-proofing is permitted to be agbto the top of the slab. In Estonia, it is
either recommended to use a moisture barrier betwe insulation and the concrete floor
(typically PE foil), or not to use a foil to allodry out the concrete toward the ground.
Sweden recommends thermal insulation below the evhmincrete slab to protect the
foundation from water vapour from the ground. A store barrier is normally not
recommended except for sensitive flooring material.

#7: All the countries recommend thermal insulatibnt the thickness and position vary
among the countries. Recommendations to use otonase vapour/moisture barriers also
vary. In Norway, no moisture barrier is necessaryhee interior walls (in normal dry rooms)
as long as least 50% of the insulation is on theerex side of the exterior walls. It is
recommended to put the dimpled membranes on theriextside of exterior vapour
permeable insulation to optimize outwards dryingenBark recommends that all
constructions in basements be of inorganic maseaat no vapour barrier is recommended in
order to ensure drying capacity of the constructi@®anada recommends combined
interior/exterior insulation for basement walls ahd separate interior finish is to be applied
to the foundation wall, a moisture protection lagkall be applied on the interior foundation
wall surface to minimize the ingress of moisturenirthe foundation wall. The common
practice in Estonia is to use insulation on theeeat side of the basement wall. Sweden
recommends that walls with moisture from the cartdion process be given the opportunity
to become dry by exterior insulation, dimpled meamar or combination of both, and do not
recommend a vapour barrier on the interior sidinefwall.

#8: In Canada, thermal bridges in new houses badenaee not a common issue, but they
tend to be more significant in those basements dhatconverted in residential spaces to
accommodate the increasing urban density and hslusgage. Sweden has not given any
specific recommendations. Estonia points out tekermemended temperature factor to avoid a
risk of mould growth [59]; however, it does not gispecific recommendations on measures
to achieve this. Norway has provided specific rea@mmdations on how to avoid the thermal
bridge in the transition between wall and foundat{either minimum of 50 mm insulation
below the concrete foundation or applying insulativetween wall and floor). Denmark
recommends placing insulation on the exterior siflehe construction and to reduce the
thermal bridge on top of the basement wall by @nguan overlap of >200 mm for wall
insulation and insulation on the exterior side a$ément walls.

#9: All the countries recommend airtightness fanstouctions against terrain (moisture, heat
loss and radon).

#10: The recommendations for ventilation in basemeary among the countries. In Norway,
the recommended fresh air supply for basementhidgssame as residential dwellings is
general, e.g. minimum 1.44%wach hour per frof floor area. The ventilation rates shall be
adapted to the contamination and moisture load Gard thus be higher. In Sweden, the
minimum outlet airflow is a bit lower: 1.26%per nf floor area (converted from 0.35 I/s per
m? of floor area). In Denmark, ventilation in basensemust fulfil normal requirements for
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air change in dwellings. In Canada each habitaidenr shall be assigned a fan capacity of
5 L/s (18 ni/h) apart from the master bedroom which needs 30(26 ni/h). To compare
with other national recommendations, two examptegeovided,;
- Habitable room (floor area from 10 to 3@)nfan capacity from 1.8 to 0.6%h per nf
floor area.
- Master bedroom (floor area from 10 to 26)nfan capacity from 3.6 to 1.8%h per
m? floor area.

4.2. Habitable basements in Norway
In Norway, 50% of the residential building stocknswsts of single-family dwellings. An
additional 9% are houses with two dwellings and 1&%row houses, linked house or other
small houses [60]. A large proportion of these hene built with a living space in the
basement. Such basements are normally built abwegroundwater level with a concrete
foundation on a free-draining layer of "gravel".eTtbensest parts of Norway are characterized
by frequent freeze-thaw conditions.

The identified recommendations for Norway are basedhe SINTEF Building Research
Design Guides [3]. These consist of 800 design epiithat have been produced and
continuously updated since 1958. The design guatleshe most used planning and design
tool amongst Norwegian architects and engineersausec they comply with the
performance-based requirements in the building cadé are an important reference to
documented solutions in the technical regulations.

The main national recommendations for habitableein@sts in Norway are depicted in

Figure 5 and described in detail in Appendix A. dting to the view of the authors, Figure

5 and Appendix A present the key elements to optinmsture safety in habitable basements
in Norway.
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Figure 5. Main recommendations for habitable basements in Norway.

4.3. Habitable basements in Denmark
In Denmark, habitable rooms and kitchens must lowealground and therefore no habitation
is allowed in basements. For special site condsti@ng. sloping site, it is possible to have
habitable rooms in a basement if the floor liesvabground level along at least one wall with
a window. When part of the room is below the grqumdpecial focus must be paid on the

constructions against the ground regarding penetrat moisture and radon.

In general, basement walls are made of concretéight-weight concrete blocks. The
basement floor is always a concrete slab. Therngllation must be placed on the exterior
side of the construction and the backfilling must duitable for draining and preventing

capillary rise.
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471 The main national recommendations for habitablesim@hts in Denmark are depicted in
472 Figure 6 and described in detail in Appendix B. Tasic guidelines about moisture safe
473 construction principles are found in DBRI Guidelig24 Moisture in buildings [53]. The
474  other guidelines referred to in Appendix B can dend [56].
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Figure 6. Main recommendations for habitable basements in Denmark (adapted from Figures
35and 36in[61])).
476 4.4, Habitable basements in Estonia

477 In Estonia, residential buildings comprise up 106 of the total building stock [62].
478  Apartment buildings account for 51% (34 2820° m?) of the total net area of dwellings. The
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second large group of dwellings is detached housts41% (26 447 10° m?) of the total

net area of dwellings. The groundwater level ishigEstonia; in most cases, the basement is
below. There are no official statistics about b with or without a basement. Based on
common knowledge nowadays:

- Detached houses and row houses are mainly bulibwita basement, mainly because
the inhabitants do not need so much storages inakement; construction below the
ground is more expensive, and the foundation doeseed to go deeper because
solutions exist to prevent frost rise.

- Apartment buildings and offices typically use basats for garage, technical rooms
or for storage.

In Estonia, good recommendations and guidelines d¢orway (SINTEF) and in Finland
(RT-cards) do not exist. Instead, Estonian desgynsee quite a lot of Norwegian and Finnish
guidelines. It is designer’'s responsibility andggdr to fulfil essential requirements on
construction and building.

The main national recommendations for habitablem&snts in Estonia are depicted in Figure
7 and described in detail in Appendix C.
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Figure 7. Main recommendations for habitable basements in Estonia (adapted from [63]).

4.5. Habitable basements in Sweden

The Swedish building stock consist of 1.2 milliomgée-family houses and 166,000
multi-family buildings. Of the single-family house30% have a basement, as do 50% of the
multi-family buildings. The average U-value for bagent walls below grade is 0.74 W)

and for basement walls above the ground, it is I8EM’K). Of the single-family houses,
29% suffered some kind of damage; of the multi-farbuildings, 8% suffered damage [64].
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Around 8% of all basements in Sweden have mouldisd®5]. Before the 1970s, basements
were mainly used for storage and not heated, lolatytd is common to furnish the basement.

The Swedish building regulations have been perfaoedased since the end of the 1980s.
This means the contractor is free to suggest ambseh any solutions and construction
techniques as long as the basic performance eriéee fulfilled: ‘Buildings shall be designed
to ensure moisture does not cause damage, odounscarbial growth, which could affect
human health’. If the critical moisture level istveell-researched and documented, a relative
humidity (RH) of 75% shall be used as the criticadisture level. The requirements can be
met and verified using moisture safety planning amahitoring of the design to ensure that
the intended moisture safety is achieved. When notg designing, executing and
monitoring moisture safety, the industry-standarggdaF — method for fuktsaker
byggprocess (ByggaF — method for moisture safedimgjlprocess) can be used as guidance
[66]. Buildings, construction materials, and couastion products should be protected from
precipitation, moisture, and dirt during the couastion period [67]. The main national
recommendations for habitable basements in Swedsllepicted in Figure 8 and described
in detail in Appendix D.
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Figure 8. Main recommendations for habitable basements in Sweden (adapted from Figure
35in[24], Figure4.1.36 and 4.1.34 in [ 15] and Figure 11 and Typritning nr. 5in [68] .

4.6. Habitable basements in Canada
Residential construction in the Greater TorontoaAf€TA) has been booming over the last
few years. The majority of these houses have beastrcted by large “tract” homebuilders
in accordance with the Ontario Building Code (OBGQhder such production conditions, the
emphasis is placed on achieving the lowest indsdital cost. Many researchers in Canada
have looked at detailed construction cost dataflaad plans for popular models to assess the
value of insulating the basement properly or “udgrg” from Ontario Building Code
minimum standards to the R2000 standard. Thesertlymean:

- Ontario Building Code: R-6 basement wall insulatiora depth of 0.6 m below grade

(obligation)
- R2000: R-12 full height basement wall insulation @bligation).

Unfortunately, the primary problem in Ontario (atiek Greater Toronto Area) is housing
booming. Given housing costs, basements are nolonger just used as storage spaces but
are often utilized as part of the interior spac@rPmoisture management across these walls
often leads to mould and mildew growth and poogaaility in basement spaces [69].

Nova Scotia does not have a provincial buildingecolthstead, this province relies on the
National Building Code of Canada (NBC). However tHational Building Code does not
mandate a minimum value of thermal insulation.

The main national recommendations for habitablei@snts in Canada are depicted in Figure
9 and described in detail in Appendix E.
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Figure 9. Main recommendations for habitable basements in Canada (adapted from [70] ).

5. Discussion

5.1. Recommendations for habitable basements
In this study, we set out to investigate the déferes and similarities in national building
recommendations for habitable basements. The Naawedesign guides were used as a
baseline to identify main learning potentials canaogy moisture control strategies. Ten key
challenges (#1-10) have been identified and usethencomparison of the main national
recommendations in five western cold climate caastrsee Figure 1.

5.2. Norwegian recommendations compared to other cold climate countries

This study shows that the main national buildingoramendations in the western cold
climate countries differ from the Norwegian at ditnt key challenges, see Figure 10.
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Figure 10. Main national building recommendations for habitable basements in cold climate
countries (red, blue, yellow and purple) compared to Norwegian (grey at level 0) for each of
the ten key challenges (#1-10, see Figure 1). Recommendations are sorted as either the same
as Norway (level 0), more moisture safe (level 1), less moisture safe (level -1), contradicting
(level 2) or lacking (level -2). The figure shows, for each key challenge, where the main
recommendations are mainly equal (white circle), equal but varying (blue circle) or
contradicting (red circle).

Danish recommendations have the most in common ti¢gh Norwegian, but there are
differences regarding (#1), (#5) and (#7) and @zhtiting recommendations regarding (#6).
Sweden has differences regarding (#1), (#4), #®d a#7) and contradicting
recommendations regarding (#6). Canadian recomniendamainly differ regarding (#1),
(#2) and (#5) and had contradicting recommendatiegarding moisture protection in walls
(#4) and thermal insulation and vapour barrier allsv(#7). Estonian recommendations differ
regarding (#1), (#2) and (#5) and are contradictegarding the use of dimpled membranes
(#4), vapour barriers in floors (#6) and dry oupa&eity (#7).
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Norway also stands out by recommending a diffusipen exterior wall surface, vapour
permeable thermal insulation and dimpled membrargtipned on the exterior side of the
exterior thermal insulation (#7). This is recommethéh order to increase the drying potential
of the construction against the exterior [71]. Danknalso recommends that, if possible, the
exterior side of the basement wall should be kéfigion open in order to ensure the drying
potential of the wall. However, according to theni3a illustration, the dimpled membrane is
positioned between the wall and exterior insulatigstonia typically uses bitumen-based
coating, mastic or sheet on the basement wall seirfa prevent water transfer from the
ground and into the wall. Dimpled membranes ared us®stly to protect the thermal
insulation. Estonia also stands out by not haviagonal recommendations such as Norway,
but generally base their recommendations on peactic

Considering only the comparable recommendationsiged, the countries have similar and
varying but not contradicting recommendations rdgay the ground surface slope (#1),
drainage layers (#2), drainage pipes (#3), capillaeaking layers in floors (#5), thermal
bridges (#8), airtightness (#9) and ventilation0Qj#'he most interesting variations are found
for #1. recommended ground surface slope varyiomfi.:20 (Sweden and Estonia) to 1:50
(Norway) #2: recommended drainage on exterior sidevalls vary from>19 mm mineral
fibre insulation (Canada) to special draining iasioin boards or standard insulation boards
with additional draining boards and a layer of >20@n backfilling with good draining
capacity (Denmark) and #5: recommended capillagaking layer beneath floor vary from
>100 mm coarse clean granular material (Canada@on@n thick layer of crushed stone or
splinters (Estonia) and froriL00 to>150 mm with additional insulation (Norway/Denmark).

5.3. Contradictions
The main recommendations have interesting diffeeenegarding water that reaches the
surface of the wall (#4), water vapour from theuwrad through the floor (#6) and partly (#7)
moisture condensation on, and drying capacity hef,dasement walls. Not surprisingly, this
applies to use and position of foundation boardsistare/vapour barriers/membranes and
type, thickness and vapour permeability of thermsiilation in walls and floors.

More precisely, Norway and Denmark recommend ausiifin open basement wall surface to
ensure drying outwards, while Canada and Estonialyneecommend damp proofing (#4).
Sweden recommend a waterproof membrane from therbadf the concrete slab and 500
mm up on the outside of the wall. Canada recommantdsior moisture protection, while
Norway and Denmark recommend no interior vapouriéan#7). Norway and Canada
recommend a vapour barrier in the floor structushile in Estonia, some designers
recommend no foil and Denmark recommend no moidtareier unless moisture-sensitive
flooring materials are used (e.g. wooden floor)) (#6

The countries included might have other main nafisacommendations not included in the
expert contributions. This source of error couldéhbeen reduced if more than one expert
from each country had submitted their version efrtiain recommendations.

5.4. Further research needs
Basements used as dwellings represent a majorealallconcerning moisture safety design.
The risk of moisture-related damage in these coatms is also expected to increase due to
climate change. This study shows that cold clintatentries recommend different strategies
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for moisture control in basements. The ten keylehgks identified can be considered a basis
on which future strategies for optimization of bhasats can be developed and evaluated.

This study shows that recommendations concernirmgyingt surface slope (#1), drainage
layers in walls (#2) and capillary breaking layarsfloors (#5) vary. The risk of moisture
damages in vulnerable structures, in particulaghtnbe reduced by combining the strictest of
the varying recommendations presented in the stedy, steeper surface slope next to the
building and thicker draining and capillary breakitayers adjacent and underneath the
building.

It is mainly the recommendations for key challergfe #6 and #7 that distinguish the
moisture control strategies from each other. TBisquite intriguing because barely any
research was found in the literature concerninglestic consideration of their correlation.
After comparing the five countries' recommendatjoreswy insight has substantiated the need
to answer some general concerns. These includarélyapour permeable thermal insulation
preferable? (2) can convection or moisture in éxterapour permeable thermal insulation
significantly reduce the heat resistance? (3) caerier thermal insulation perform as a
capillary breaking layer and thus replace the tiawgial dimple membrane? and (4) what
thermal insulation thickness, position, and perniggplare favorable?

Not only can research concerning such subjectsigeosignificantly improved technical
solutions; but also, they can imply significant peiary reductions.

6. Conclusion

A significant part of this work has been the depetent of the research methodology to be
able to study moisture control strategies in hélétedbasements in different cold climates
countries. Hence, we identified ten key challengfeat should be included in national
moisture control strategies for such constructioftee study shows that the main national
building recommendations in western cold climatentoes differ from the Norwegian at
different key challenges.

Considering only the comparable recommendationviged, the countries have similar

recommendations regarding drainage pipes (#3)mtilebridges (#8), airtightness (#9) and
ventilation (#10). Interesting variations are fouredjarding the ground surface slope (#1),
drainage layers in walls (#2) and capillary bregkiayers in floors (#5). Contradicting

recommendations are found regarding moisture pioteof walls (#4), vapour barriers in

floors (#6) and thermal insulation and drying caiya@?7).

The main learning potential from the review is ttia five cold climate countries emphasize
the ten key challenges differently. The recommeandathave many similarities, but it is this
weighing (or prioritizing) that distinguishes thed countries’ moisture control strategy from
each other. As an example, if a basement wall asepted against water intrusion with a
bitumen-based watertight membrane on the extendace, exterior drainage might not need
to be as efficient. Likewise, one might not have same need to seal the wall surface if good
site drainage, ground surface slope, thick drairlaygers and exterior vapour permeable
thermal insulation provides good drying conditions.

Yet another consequence of these diverging natim@mmendations is a challenge for
importing/exporting commercial and “well-known” siibns.
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Appendix A

Key challenges and the corresponding main Norwegian recommendations for habitable
basements. For references given by brackets see the Reference list of the article.

Key challenge | Main Norwegian recommendations [3]
1. Water from | Water from rain and snowmelt must be led away ftbmbuilding. Water, 514.221(2009)
rain and from down-pipes can either be directed to a ditchindiltrated into the
snowmelt terrain. The ground surface next to the buildingstmioe levelled with a
slope of least 1:50 in a distance of 3 m.
2. Water A drainage layer, on the exterior side of the eatewalls below the ground, 523.111(2015)

pressure on
exterior walls

can prevent water pressure on exterior walls cdebtesurface water an
water in the ground. A layer of free-draining griamwbackfill, at least 20(

d514.221(2009)
See also:

below the mm thick, or draining insulation boards with atdethe same capacity cans»3 133(2014)
ground be used. The drainage layer must be protected sigaie-grained materigl 5,1 011(2005)

from the ground using a geotextile. 523'127(2004)
3. Water If rising of the groundwater level is a risk or tlie ground contains ga514.221(2009)

pressure agains
the construction
from raising of

significant portion offine-grained material, a drainage pipe surroundgd
gravel and enclosed by a geotextile can preveném@essure against t
construction.

Bee also:
621.011(2005)
513.131(1999)

groundwater
4. Water from | A water repellent and capillary breaking layer be exterior wall surfaceé 523.111(2015)
the terrain can prevent capillary transfer of moisture from ¢ineund and into the wall. 523.133(2014)

surface or from
the ground that
reaches the
surface of the
wall

Dimple membrane can be used as water repellentcapdlary breaking
layer. Cracks, open joints, and other leakage paimtthe walls must b
sealed. In addition, a water repellent renderingstmbe applied on th
exterior surface of masonry walls.

514.221(2009)
2 523.127(2004)
See also:

523.151(2017)

5. Capillary rise
of moisture
from the ground
through the
floor and
foundations

draining and capillary breaking layer below thelding. Insulation board

layer below it, can be used as a capillary breakaygr beneath a concre
floor. If rising groundwater level is a risk ortifie building ground is ver
soft, a geotextile should be placed below the dnginayer. Extruded
polystyrene with high compressive strength can Isedubelow the
foundation.

Capillary rise of moisture from the ground can bevented by a proper514.221(2009)

5 522.111(2003)

of expanded or extruded polystyrene, with an attl&é80-mm-thick granular see also:

16572.108(2004)
/ 523.133(2014)

6. Transfer of
water vapour
from the ground
through the

A moisture barrier between the insulation and thveccete floor will protect
the floor construction against water vapour from gihound.

522.111(2003)
514.221(2009)

floor
7. Moisture At least 50 % of the insulation (total thermal stsnce) should be523.111(2015)
condensation positioned on the exterior side of the exterior Isvdab make the wall$ See also:

on, and drying
capacity of, the
basement walls

recommended to put the dimpled membrane on theiexsde of exterior
vapour permeable insulation.

warmer and dryer. Hence, it will not be necessaryde a moisture barri¢rs23.133(2014)
on the interior wall in normal dry rooms. To optmioutwards drying, it i$ 514 221(2009)

523.127(2004)
521.011(2005)

8. Thermal
bridges

The thermal bridge in the transition between waldl doundation can b
reduced by applying minimum 50 mm of insulationdvelthe concrete
foundation or by applying insulation between waltidloor.

£ 523.111(2015)
See also:

471.014(2007)
523.127(2004)

9. Air leakages
(moist air and
radon gas) from
the ground to
the structure ang

Walls and floors against the terrain must be dittitp avoid the flow of
moist air from the ground into the indoor air. Mdedl walls of norma
concrete can be considered as airtight if intersest cold joints, ang
compaction voids are sealed. Masonry walls mustebeered on both th
| interior and exterior sides. The use of radon mamdrin floors and rado

523.111(2015)
520.706(2013)
See also:

£523.133(2014)
n
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indoor air
(walls and floor)

barriers of airtight materials and components idlsvaelow grade will
typically ensure the necessary airtightness todaffow of moist air.

10. High indoor
moisture supply
from cloth
drying, cooking,
showering etc.

The recommended fresh air supply for residentialimgs is a minimum of
1.44 ni each hour per ff floor area. The ventilation rates shall be addy
to the contamination and moisture load of the rotmnsnsure sufficient ai
quality and the required fresh air supply can theidigher.

421.503(2015)
tSee also:
I'552.301(2015)
552.303(2015)

552.305(2015)
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Appendix B

Key challenges and the corresponding main Danish recommendations for habitable

basements. For references given by brackets see the Reference list of the article.

Key challenges

Main Danish recommendations [53].

DBRI
Guideline
[number]
[56].

1. Water from

Water on the terrain surface—including runoff frahe roof-must be led 224(2013)

rain (and away from the building by ensuring a sloped (asiel40) surface in the 255(2015)

snowmelt) first 3 m from the building or a sloped hard suefdowards a drain and (a258(2017)
drainage around the building in accordance with gh&lelines. The top 267(2016)
layer of the ground should be less permeable thardtaining layer on the
exterior side of the insulation to reduce watedlér@m rain (see Figure 6)

2. Water Constructions under groundwater level (or with waieessure in general)224(2013)

pressure on
exterior walls
below the
ground

must have special construction that is watertight.

3. Water
pressure agains
the construction
from raising of

A drainage pipe in the perimeter of the foundatinreembination with the
guidelines for protection of the basement wall i#-i$ necessary fg

preventing water pressure on the basement wall. drhimage pipe (min|
slope 0,3 %) must be surrounded by a mininium df @&n of gravel, se¢

r

groundwater Figure 6, or by a geotextile.
4. Water from | The building constructions must be protected adaimaser from outside ang 224(2013)
the terrain water must be led away from the building (see #1). 267(2016)

surface or from
the ground that
reaches the
surface of the
wall

The exterior side of the basement wall must beegtetl against wate
uptake: This can be done by applying foundatiorartte (dimple

membranes) or by applying a water repellent treatnjasphalt) or watey

repellent rendering (or both). All cracks, opennjsj and other leakaqg
points must be sealed before.
extensive water load from rain etc.) the exteride sof the basement wa

should be kept diffusion open in order to ensueedtying potential of the

wall.

On the exterior side of the wall, thermal insulatimade of pressure proof
insulation boards of mineral wool or polystyrenewd be installed and
protected from the water from above using cappltither special draining

insulation boards or standard insulation boards veitiditional draining
boards should be used, and the draining layer dhoilprotected from th
soil using a geotextile. Finally, a layer of > 2680n backfilling with good
draining capacity should be added.

If possible (ifehs no water pressure pr

=

[0}

5. Capillary rise
of moisture

To prevent capillary rise, there must be a drainager of minimum 150
mm thickness of coarse gravel, coated light weigtdnular or rigid,

224(2013)

from the ground| pressure proof insulation under the basement flboainage pipes should

through the lead any rising water to perimeter drainage.

floor and

foundations

6. Transfer of Normally, the vapour pressure below the basemeut fis not very high| 224(2013)

water vapour
from the ground
through the

and therefore, no vapour barrier is needed. Howeaf/@noisture sensitive
flooring materials are used (e.g. wooden floorjn@isture barrier of > 0.2
mm thickness must be used below the flooring.

floor
7. Moisture To prevent other moisture related problems duenéohigher water loads267(2016)
condensation below the ground, all constructions in basementsulsh be made of

on, and drying

inorganic materials. See above about wooden flgorin
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capacity of, the
basement walls

No vapour barrier is recommended on the interide sif the basement wal|s

to ensure the drying capacity of the construction.

8. Thermal
insulation

Thermal insulation of the constructions in a hedtadement must fulfil the
requirements for the buildings’ energy frame. Tharinsulation must be

placed on the exterior side of the constructionti{bmasement walls and
n

floor) to keep constructions warm and dry. To redtlee thermal bridge o
top of the basement wall, ensure an overlap of >28@0for wall insulation
(typically as cavity insulation) and insulation dhe exterior side of
basement wall (see Figure 6).

267(2016)

9. Air leakages
(moist air and
radon gas) from
the ground to

the structure and mm of the concrete slab.

indoor air
(walls and floor)

Constructions against the ground must be airtighgrevent the infiltration
of radon gas. Normally, a concrete slab (>100 miitf) veinforcement will

fulfil the airtightness requirement. Airtightnesk tbhe connection between

basement floor and wall is ensured using a membtlaaieoverlaps >150

232(2010)
233(2015)

10. Air change
and ventilation

Ventilation in basements must fulfil normal requaients for air change ih224(2013)

dwellings. Ventilation can be mechanical or natural
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Appendix C

Key challenges and the corresponding main Estonian recommendations for habitable
basements. For references given by brackets see the Reference list of the article.

Key challenge

Main Estonian recommendations and design practice

Reference

1. Water from rait
and snowmelt

The slope of the ground around the building is lledeaway from the
building.

difference in height of at least 0.15 m). Waterusmebthe building is draine
by rainwater drains, drainage, or other appropriaeans. Whe
constructing slopes, the rainfall and melting wdtewing from above the

neighbouring walls.
The access of rainwater and surface water to tlenalye system i
prevented by a dense covering of the paved surfaces

A suitable ground slope for the first three mefessn the building is 1:20 (gprobably on

building are directed to the side of the buildinghaut causing damage to

Common
practice based

{72]

Uy

2. Water pressure
on exterior walls
below the ground

> Wherever possible, the foundation should be sevalibe surface wate
During the construction, the water level must bedred. This may result i

damage to the structure of the soil and the sulesgqeollapse of
neighbouring buildings. In most cases, it is neags#o build the structurg

required for a basement below the surface watel.lev

level. Foundation below the level of groundwatempticates construction.

walls. In the case of aggressive soil water, stmattprotection is required.
Waterproofing (water pressure) or permanent lovgedhthe water level is

=]

D

In order to avoid damage to groundwater, it is megended to builg
buildings such that the basement floor remains abine surface of th
expected top-level of the groundwater during tliell life (e.g. 50 years)
The groundwater level can be lowered by the dr&nagrrounding thg
foundation. Drainage planning, however, requireg tbresence of

sufficiently close and sufficiently low pre-flowf there is no suitable preg
flow, the building must be raised to the grounds&aent walls must b
protected also above the groundwater level agawastr that flows down
the roof or occurs in the melting of snow and fallsse to the basemer
The waterproofing layers must be positioned in suetay that the pressu
of the water is not depressed (on the side of taeemin the water) an
protected from mechanical damage. The penetratidrem the

owing to the longitudinal movement of the buildingpes and cables, ¢
aging. Even if it is possible to construct the wgateofing, it is hard tg
achieve because the waterproofing must be unimtduand should kee
water away as well as a ship’s hull; it should setart to leak during thg
lifetime of the buildings. If the floor of the call is below the surface wat
level, the water pressure can also be pushed arsthex to the floor of th
cellar. Therefore, such a floor must be dimensiospeécially and, if
necessary, it should be reinforced.

waterproofing must be watertight and must not ltdseir watertightness

[63] (Building
gnformation card
is the guideline

1)
2]
e

—

|

=

©

W
-

3. Water pressure
against the
construction from
raising of

drainage layers and moisture or waterproofing. rairthge layer on th
exterior side of the basement wall0.2 m should be installed. A draina
pipe surrounded by gravel should be positionedvbéhe foundation.

> The harmful capillary flow in the structure or teetstructure is prevented e use Finnish

practice:
Je2]

groundwater

Water should be removed by drainage, by pumpingutiin a well, by g
borehole, through a needle filter, or by electraiosis. The choice of th
system depends on:

- the geological and hydrogeological conditionshef ground

- the solution of the buildings, including the demif the basement rece
and the extent of drainage

The risk of increased water levels associated wlitigging, freezing etc.

Estonian desigr
morm.

must be taken into account. Even if the quality amaintenance of th

1%
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drainage system are ensured, sometimes, the digsidi rising water
levels should be taken into account and viewechangergency load.

4. Water from the
terrain surface or
from the ground
that reaches the
surface of the wal

A waterproof and capillary breaking layer on thesdraent wall surfacs
prevents water transfer from the ground and into whll. Bitumen base
coatings or mastics or sheets are typically usea agter repellent an
capillary breaking layer. Foundation boards (dimpiembranes) are use
extensively for the protection of insulation. Wensmler that making then
watertight is difficult (owing to cracks, open jtsnand other leakag
points).

o o=@

D =

5. Capillary rise 0
moisture from the
ground through
the floor and
foundations

The basement floor must have drainage to breakwtiter capillary flow|We follow the
and to keep the groundwater level sufficiently alistfrom the floor. BelowFinnish practice!.

the basement floor should be an at least 0.2 rk thier of crushed stone ¢
splinters to inhibit the capillary rise of groundater. Below that layef
should be a geotextile if the base ground is clagilb

=

6. Transfer of
watervapour fron
the ground

through the floor

A moisture barrier between the insulation and theccete floor will protect
the floor construction against water vapour frore firound. Here, twg
different practices are employed. Typically, PH feiused in slabs on th
ground and above the ground between the concreteinsulation. Some
designers recommend not to use the foil to alloav ¢bncrete to dry ou
toward the ground. The highest point of the dragnpgpe must be at lea
0.4 m below the lower surface of the slab on tlmugd. The drainage pip
below the slab on the ground should be below thgillasy breaking
drainage layer (crushed stone or splinters). Thendge pipe should b
below the lower surface of the basement wall.

o T ="

D

7. Moisture
condensation on,
and drying
capacity of, the
basement walls

The common practice is to use insulation on thesréxt side of theNeutral
basement wall (to make the walls warmer and dryerta avoid interstitial[73]

condensation on load bearing structures). To pratesulation, usually
foundation boards (dimple membranes) are used eneiterior side o
exterior insulation. It is very common to use ER® br EPS 200 insulatiop
to insulate foundations and basement walls.

8. Thermal
bridges

The temperature factor of the thermal bridge shdndchigher than 0.8 tp[74]

minimize mould growth risk and higher than 0.7 tmimize water vapou
condensation risk. This information is obtainednirthe national appendix
of [74].

9. Air leakages
(moist air and
radon gas) from
the ground to the
structure and
indoor air

(walls and floor)

General requirements the building envelope:
- The building envelope must be permanently airtightl sufficiently

insulated. When determining the insulation suitdbtethe building, theenergy

that factors need to be taken into consideratioa e energyperformance:
performance requirements, the maintenance of a artale indoor|[75]
temperature, and the avoidance of moulds and csadien on thermal
bridges, inner surfaces, and structural elemente dverage leakage
rate of the building envelope may not exceed thievaised in the
energy calculation performed to prove the buildingbmpliance with

the minimum requirements for energy performance.

- In general, the average leakage rate of the bugjléinvelope may ng

exceed 1 rfi(h-m?). In order to avoid the risk of moisture conventi

the critical junctions of the building should be dvaas airtight as

possible.

Minimum
requirements fo

—

=

10. High indoor
moisture supply
from cloth drying,
cooking,

showering etc.

In calculations of building envelope to avoid @it surface humidity an
interstitial condensation in dwellings, the bastgdor moisture excess
6 g/n? during the cold period and 2 gfmuring summer.

Moisture
gxcess:
[76] and [74]
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Appendix D

Key challenges and the corresponding main Swedish recommendations for habitable
basements. For references given by brackets see the Reference list of the article.

Key challenge | Main Swedish recommendations [77]
1. Water from | To avoid damage to a building from moisture, th@eght ground surfacg6:5321
rain and shall be given an incline to drain away surfaceewat should be provided Surface water
snowmelt with devices to collect and divert surface watenjeas the building is drainage
designed to withstand water pressure. The slopth@fadjacent ground
surface should have an incline of 1:20 to a distasfdhree meters from the
building. If it is impossible to create such a &pp cut-off trench should he
provided.
2. Water Buildings not designed to withstand water pressimeuld have a drainage6:5322

pressure on
exterior walls

layer adjacent to and underneath the building alé agaround drainag

pipes that is permeable enough to collect and doéinthe appropriate

e Drainage

below the guantities of water to draining pipes or correspogdystems. This layer
ground should be at least 200 mm thick and composed ofl sangravel. A
geotextile is recommended to protect the drainiaget. The interna
diameter of the drainage pipe should be at leashi@0 For the base of the
wall, an additional waterproof membrane from thétdro of the concrete
slab and 500 mm up on the outside of the wall isomamended
Recommendations for drainage can be found in thed®hk Building
Centre’s handbook [15] (4.1.3.5 and 4.1.1.4.2).
3. Water Same as above. 6:5322
pressure agains Drainage
the construction
from raising of
groundwater
4. Water from | Floors, walls, and ceilings subject to splasheswater, wet cleaning), 6:5332
the terrain condensation water or high humidity shall have deweepellent surfaceé Water

surface or from
the ground that
reaches the
surface of the
wall

layer. Joints should be situated in places whieheast subject to water. F

prrepellent

penetrations in the floor's water-repellent surfegeer, a sealing should hesurface layers

in place to the pipe penetration and the substrate.

5. Capillary rise
of moisture
from the ground
through the
floor and
foundations

A foundation should be designed with a capillargriea. It is recommended

to use coarse clean crushed stone material witimignnmm thickness of at
least 2 times the capillary rise for the materitiedmined by testing.

Usually, the thickness of the material is at ld&) mm [14] (4.1.1.5) and 3

geotextile should be placed below it unless itlsarshown that there is not
any fine-grained material in the base ground [#4]1.(1.4.2).

6:5323
Foundation
and structural
floor

6. Transfer of
water vapour
from the ground

Thermal insulation below the whole concrete slate@mmended to
protect the foundation from water vapour from theund. For wide
buildings, it can be difficult to achieve a propemperature gradient

through the through the insulation as the only protection. Nmsture barrier is

floor normally needed except for sensitive flooring matdi4].

7. Moisture Walls made of materials containing moisture from tionstruction process$,6:5324
condensation on which fixed moisture-sensitive fittings, etce anstalled, should be givenwalls,

on, and drying
capacity of, the
basement walls

the opportunity to become dry; otherwise, moisteasitive materials an
products should be protected.
If moisture-sensitive material is placed betweer tiight materials, for

dwindows and
doors etc.

example between a vapour barrier and a sealed,r-vegiellent surface 6:5332

layer, it should be verified that the maximum peted moisture level fo
the material has not been exceeded.

Key elements and recommendations to achieve optimature safety:

- Insulate from the exterior side, or if that is rmissible use a

Water
-repellent
surface layers
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material that creates an air gap on the exterdw of the basemer
wall.

- If insulating from the inside, there should notébeapour barrier in
the wall, the wall should be able to dry inwards.

—

8. Thermal
bridges

9. Air leakages
(moist air and
radon gas) from
the ground to
the structure anc
indoor air

(walls and floor)

that separate spaces with different climatic comad should have as hig
airtightness as possible. In most buildings, thk of convection of moistur
is highest in the upper parts of the buildings,, ivhere internal exceg
| pressure may be prevalent. Particular care shoeldtaen to ensur
airtightness where the environmental impact of meoésis great such as
public baths or where temperature differences aaetiqularly great.
Airtightness can affect the moisture level, thermainfort, ventilation, andg

If this is the case, there is a risk of moisturemdge.

35 D (n P

buildings’ heat losses. A method for determiningleakage is contained in
SS-EN 13829. When determining air leakage, it shaildo be investigated
whether the air leakage is concentrated to a pdatiduilding component.

To prevent damage due to convection of moistume ptrts of the building 6:531

hAirtightness

10. High indoor
moisture supply
from cloth
drying, cooking,
showering etc.

flow can be supplied to the building. Ventilatiopstems shall also be ab
to carry off hazardous substances, moisture, usptgadours, and effluen
from people and emissions from building materials, well as pollutant
from building works if such inconveniences cannetdarried off in othe
ways. A minimum outlet air flow equivalent to 0.8 per m of floor area

Ventilation systems shall be designed to ensurettierequired outlet air

le
[S

]

and continuous exchange of air in the room whénused shall be pursued.
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Appendix E

Key challenges and the corresponding main Canadian recommendations for the Greater

Toronto Area (GTA). For references given by brackets see the Reference list of the article.

Key challenge | Main Canadian recommendationsfor GTA Ontario
Building
Code

1. Water from | The building shall be located and the building giteded such that water | 9.14.6

rain and will not accumulate at or near the building.
snowmelt
2. Water A drainage layer on the exterior side of exteriaflsvbelow the ground can 9.14.2

pressure on
exterior walls

prevent water pressure on exterior walls createsiuface water and wate
in the ground. A layer of free-draining granulackfl, at least 100 mm

below the thick, or>19 mm mineral fibre insulation can be used.

ground Waterproofing by> 2 layers of bitumen-saturated membrane is reqdioed| g 1331
exterior surfaces where hydrostatic pressure occurs 9.13.35

3. Water A drainage tile or pipe af 100 mm diameter shall be provided at the 5.8.1

pressure against bottom of the foundation walls so that it is belihe bottom of the floor 9.14.2

the construction| slab. The top and side of the drainage pipe statidvered witte 150 mm | 9.14.3

from raising of

gravel.

groundwater
4. Water from | If a separate interior finish is to be appliedhe foundation wall, a moisture9.13.2.6
the terrain protection layer shall be applied on the intermurfdation wall surface to

surface or from
the ground that
reaches the
surface of the
wall

minimize the ingress of moisture from the foundatieall.

A water repellent layer on the exterior wall sugaan prevent capillary
transfer of moisture from the ground and into tradlw

5. Capillary rise
of moisture
from the ground
through the
floor and
foundations

Beneath the floors-on-grourd100 mm coarse clean granular material shel. 16.2

be placed to prevent capillary rise of moisture tmenable efficient
drainage.

6. Transfer of
water vapour
from the ground
through the

Damp proofing below the floor shall consist00,15 mm PE with joints
overlapping> 100 mm in order to protect the floor constructagainst
water vapour from the ground. If a separate flsgurovided over a slab,
damp proofing is permitted to be applied on thedbfhe slab.

9.13.2.6

floor

7. Moisture A combined interior/exterior insulation is recomrded for basement wall§ (CMHC,
condensation to ensure higher thermal efficiency and greatlyucedpotential of moisture| 1992)
on, and drying | problems. 9.25.2.1

capacity of, the
basement walls

8. Thermal The thermal bridge in the transition between thé arad foundation is not a

bridges common issue.

9. Air leakages | The continuity of the air barrier system throughth#t basement is 9.25.3
(moist air and | important to prevent air leakages and moist aimftbe ground.

radon gas) from| Where methane or radon gases are known to be &eprothe walls and 9.13.4
the ground to floors shall be constructed to resist the leakdg®ib gas.

the structure and

indoor air

(walls and floor)

10. High indoor | Each habitable room shall be assigned a fan cgpaic L/s, apart the 9.32.3.3

moisture supply

from cloth

master bedroom, which needs 10 L/s.
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drying, cooking,
showering etc.
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Comparing moisture control strategies for habitable basementsin cold climate nations
Comparison of national recommendations for habitable basementsin new buildings
Contradictions exist on exterior damp proofing, dimpled membranes and vapour barriers
The five cold climate countries emphasize ten key challenges differently
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