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Ekstrakt:

Denne masteroppgaven bygger videre pa fordypningsprosjektet med tittel Variasjon i
martelkonsistens for tegl som ble skrevet av undertegnede hgsten 2016. Masteroppgaven har til
hensikt & undersgke om ulik martelkonsistens pavirker fasthetsegenskaper og regntetthet for
teglmurverk. Variasjonsomrade for martelkonsistensen som er brukt i forsgkene sammenfaller
med det som er funnet pa byggeplass og anbefalt vannmengde fra produsent. Det er valgt & utfgre
forsgke med tre ulike mgrtelkonsistenser; tgrr, middels og vat.

Fasthetsegenskapene som er undersgkt er initialskjerfasthet, bgyestrekkfasthet og trykkfasthet.
Til sammen er 51 pravestykker murt og testet. VVat martel ga betydelig forbedring pa skjer- og
bayestrekkfasthet, mens trykkfasthet i liten grad ble pavirket av vanninnholdet.

Slagregnforsgk er gjennomfart med fire veggfelt pa 1 m? med tarr, middels og vat martel. Det
siste ble ogsa murt med vat mgrtel, men med en annen teknikk for a fylle stussfugene. Det ble
funnet klare forskjeller pa tetthet, med fordel til felt murt med vat martel. Etter tarking ble de
samme fire veggfeltene pafert ulike typer impregnering og testet nok en gang for slagregn.

Hovedkonklusjonen er at mer vann gir bedre murverk, bade med hensyn pa heft og
slagregnstetthet. Konklusjonen stgttes av fasthetsforsgk, slagregnsforsgk og tynnslipsanalysen
som er gjennomfart i masteroppgaven.

Stikkord:
1. Murverk i tegl

2. Vannmengde i murmgrtel
3. Fasthetsegenskaper

4. Slagregntetthet
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Forord

Denne masteroppgaven er utarbeidet ved Institutt for bygg og miljoteknikk ved
Norges teknisk-naturvitenskapelige universitet varen 2017 og omfanget er 30

studiepoeng.

Arbeidet med oppgaven har veert givende pa mange mater. Jeg har fatt jobbe mye i
laboratoriet og har fatt god innsikt i internasjonal forskning innen murerfaget. Ikke

minst har jeg fatt jobbe med kunnskapsrike og engasjerte mennesker.

En stor takk ma rettes til min meget kompetente og engasjerte veileder Tore Kvande,
og til Jorun-Marie Hisdal som kom inn som veileder i mai. Jardar Lohne har ogsa
bidratt med uunnveerlig hjelp under skriving av vitenskapelige artikler. Klima 2050
har finansiert prosjektet og muliggjort et omfattende proveprogram ved flere

laboratorier. Weber Norge har sponset mortel og vist interesse for masteroppgaven.

Det har ikke manglet pa god hjelp, tips og veiledning, tusen takk Karl Vincent Heiseth,
professor og instituttleder ved Institutt for konstruksjonsteknikk, Noralf Bakken,
forskningsingenior ved SINTEF, Steinar Seehuus, laborant ved Institutt for
konstruksjonsteknikk, Ole Aunrenning, avdelingsingenior ved Institutt for bygg- og
miljoteknikk, Jystein Holmberget og Stig Roar Rudolfsen, seniorteknikere ved
SINTEF.
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Sammendrag

Denne masteroppgaven bygger videre pa fordypningsprosjektet med tittel Variasjon i
mertelkonsistens for tegl (Slapw, 2016). Fordypningsprosjektet dokumenterer betydelig
variasjon i mertelkonsistens for teglmuring ved ulike byggeplasser i Trondelag.
Masteroppgaven har til hensikt & undersgke om ulik vannmengde i meortel pavirker
fasthetsegenskaper og regntetthet for teglmurverk. Variasjonsomrade for
mortelkonsistensen som er brukt i forsekene sammenfaller med det som er funnet pa
byggeplass. Det er begrenset med forskning og kunnskap pa omradet, og det som er

kjent om vannmengde i mortel benyttes i liten grad.

Fasthetsegenskapene som er undersgkt er initialskjeerfasthet, boyestrekkfasthet og
trykkfasthet og preving er gjorti henhold til NS-EN 1052 del 1, 2 og 3 (Standard Norge,
1999; 2013a; 2016). For de tre mortelkonsistensene ble det murt 5-7 provestykker for
hver av tre fasthetsegenskapene, til sammen 51 provestykker. Det ble funnet at
initialskjeerfastheten var 7 ganger hoyere ved bruk av vat istedenfor terr mortel. Ved
bruk av vat mortel gkte boyestrekkfastheten med 60 prosent sammenlignet med torr
mortel. Initialskjeer- og boyestrekkfasthetsverdiene fra testing var generelt lavere enn
karakteristiske verdier fra nasjonalt tillegg i NS-EN 1996-1-1 (Standard Norge, 2013b).
For trykkfastheten var det derimot neglisjerbare forskjeller mellom de ulike mortlene
og den var generelt hoy.

Provestykkene som ble testet for slagregn, ble murt med de samme tre konsistensene
som provestykkene for testing av fasthetsegenskaper. Det ble murt fire veggfelt pa 1
m?2. Disse ble murt med terr mortel, middels mortel og vat mertel. Den siste ble ogsa
murt med vat mortel, men med en annen teknikk for a fylle stussfugene. Testing av
provene ble gjennomfert i slagregnskap etter metode NBI 29/1983 (Norges
byggforskningsinstitutt, 1983). Maling av vanngjennomgang etter fullstendig
vannmetting viste at 10 ganger sa mye vann slipper gjennom feltet med den torre
mertelen sammenlignet med vat mortel. Etter torking ble de sammen fire veggfeltene
pafert ulike typer impregnering og testet nok en gang for slagregn. Funnene viser at
impregnering i noen grad begrenser hvor hurtig feltene blir fuktet opp, men ser ikke

ut til & ha noe effekt pa maksimal vanngjennomgang.
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Hovedkonklusjonen er at mer vann vil gi bedre murverk, bade med hensyn pa heft og
slagregntetthet. Konklusjonen stottes av fasthetsforsegk, slagregnforsek og
tynnslipsanalyse som er del av dette arbeidet. Den stottes ogsa av forsgk presentert i
sammenlignbare forskningsprosjekt av Costigan og Pavia (2014), og Baker (1982).
Regler og anbefalinger rundt vannmengde i mertel i Norge er funnet & veere
manglende og utydelige i den grad de finnes. Det er onskelig at tydelige anbefalinger
vedrerende vannmengde implementeres av meortelprodusenter og inkluderes i
pensum for murere. Det er ogsa grunn til & undersoke neermere om tabellverdier for
boyestrekk- og initialskjeerfasthet er til sikker side, det vil si at ved proving taler

materialet mer enn verdiene i standardverk.
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Summary

This master thesis builds on the specialization project entitled Variation in masonry
mortar consistency (Slapg, 2016). The project documents broad variation in masonry
mortar consistency trough seven building site visits in Central Norway. This master
thesis intends to investigate whether differences in mortar water content affect quality,
both structural properties and its resistance to driving rain. The range of mortar
consistency used in the experiments coincides with what has been found on

construction site. There is limited research and knowledge in this area.

Structural properties have been tested on basis of NS-EN 1052 part one, two and three
(Standard Norge, 1999; 2013a; 2016). For each of the structural properties — shear
strength, bending tensile strength and compressive strength —and for each of the three
mortar mixes, 5-7 specimens were built, in total 51 masonry specimens. Bond was
found to be strongly influenced by mortar water content, where the wet mortar
produced the strongest bond. Increase in shear strength was seven-fold from dry to
wet, whereas for bending it was 60 percent. Characteristic bending and shear strength
achieved from tests were generally lower than their equivalent tabulated values in
Norwegian Annex of Eurocode 6 (Standard Norge, 2013b). However, compressive
strength tests gave high strength, well above code values, with negligible differences

due to variations in mortar water content.

The specimens tested for resistance to driving rain were built with the same three
mortar consistencies as for the structural properties. Four panels of 1 m? were built,
two with wet mortar, where one of them was built using another workmanship
technique by pushing the head joint as opposed to buttering them, one with medium
mortar and one with dry mortar. Panels were tested in a driving rain apparatus for 36
hours after NBI 29/1983 (Norges byggforskningsinstitutt, 1983) and photographed
every five minutes. Large variations were found, the panels built with wet mortar had
only about one tenth of the water penetration of panels built with dry mortar. After a
drying process the panels were impregnated with different water repellents and
retested. Impregnation seemed to keep the panels dry for a prolonged period,

however, unable to reduce water penetration after the panels was soaked.



The main conclusion is that higher mortar water content will give better masonry, both
regarding bonding and resistance to driving rain. This conclusion is supported by
structural tests, driving rain tests and the thin section analysis that are part of this
work. Two international articles (Costigan and Pavia, 2014; Baker, 1982) addressing
the impact of mortar water further strengthen the conclusion. Guidelines in Norway
was found lacking on this subject. Therefore, it is recommended to implement clear
recommendations on mortar water content from mortar producers as well as in
masonry curriculum. There is reason to investigate further whether tabulated values
on flexural and initial shear strength are in fact conservative. Equally, investigate

whether requirements to mortar water content in standards would be expedient.
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Kapittel 1
Innledning

1.1 Bakgrunn

Med hjerte for murerfaget og en bakgrunn som murersvenn, murmester og med en
bachelorgrad i konstruksjonsteknikk var mur et naturlig valg av tema. Malet med

masteroppgaven er & bidra til & gjore en positiv forskjell innen fagomradet.

Variasjon i tilsatt vannmengde i murmertel pa byggeplass varierer i stor grad, da det
benyttes mortel med konsistens innenfor hele spekteret det er praktisk mulig & mure
med. Denne erfaringen deles bade av undertegnede og veileder Tore Kvande.
Hypotesen er at muring med teorr mortel vil gi darligere heft og dermed darlig
inititalskjeerfasthet, boyestrekkfasthet og slagregntetthet. Hesten 2016 skrev
undertegnede et fordypningsprosjekt som et forprosjekt til denne masteroppgaven
(Slape, 2016). Forprosjektet avdekket store forskjeller i blandingsforhold for

murmertel pa byggeplasser.

Etter mange ars erfaring er mitt inntrykk fra byggeplasser at bruken av spesielt torr
mortel har gkt i takt med den fortsatt skende arbeidsinnvandringen fra EU-land i Ost-
Europa (SSB, 2017). Arsaken kan vaere forskjeller i teknikker og tradisjoner sa vel som
i materialer mellom landene. Det tyder pa at bruk av spesielt torr meortel er relativt nytt

og at det derfor ikke er fanget opp av andre.

Bygging av konstruksjoner uten tilstrekkelig kontroll og kunnskap gir assosiasjoner til
Rotvollhaugen bru (Reinertsen, 2013) og skolene i Edinburgh (Structural-Safety, 2017).
Uten & ga neermere inn pa de nevnte sakene er disse eksempler pa hvilke alvorlige
konsekvenser bygging uten tilstrekkelig kunnskap og kontroll kan fa. Pa bakgrunn av
dette er det relevant & undersoke hvilken pavirkning vannmengde i meortel har pa
murverkets fasthetsegenskaper og kontrollere dette opp mot gjeldende regelverk for

murkonstruksjoner.

Byggeskader koster samfunnet omtrent 17 milliarder kroner arlig (Garathun, 2017).
Kvande og Lisg (2009) har undersgkt byggeskader pad murverk der de fant at



hoveddelen av skadene direkte eller indirekte er knyttet til tettheten til murverket.
Ogsa ut ifra et kostnadsperspektiv vil det veere relevant 4 undersgke om vannmengde

eller arbeidsteknikk har konsekvenser for murverkets tetthet.

Murverk har heye investeringskostnader i et klimaperspektiv, men meget god
bestandighet veier opp for dette over tid. Det fordrer en kvalitet som gir den
forventede bestandigheten. Verden og Norge star ovenfor en utfordring med &
imetekomme og begrense klimaendringene (IPCC, 2014; Hanssen-Bauer et al., 2015).
Det a finne ny kunnskap om byggeteknikk for a gke kvaliteten er en liten del av

arbeidet med a imegtekomme og begrense klimaendringene.

1.2 Forarbeidet

Fordypningsprosjektet (Slapg, 2016) danner grunnlaget for arbeidet som er rapportert
i masteroppgaven. Hypotesen i prosjektet var at det var stor variasjon i vannmengde
og dermed konsistens i murmertel. Denne ble bekreftet gjennom besgk pa
byggeplasser hosten 2016; fem i Trondheim, en i Levanger og en i Steinkjer. Det ble
samlet prover og gjort enkle feltforsek pa alle byggeplassene. Hva som ligger til grunn
for valg av mertelkonsistens pa byggeplass ble dreftet i fordypningsprosjektet. Kort
oppsummert benyttes torr meortel for 4 begrense sgl og for lettere 4 kunne mure presist.

Vét meortel benyttes for & kunne mure lettere og raskere.

Planlegging av et preveprogram var pabegynt som del av fordypningsprosjektet.
Formalet var a teste strukturell og byggeteknisk kvalitetsvariasjon som folge av
vanninnhold i murmertel. Variasjonsomradet for vannmengde i mortelen som skulle
brukes i proveprogrammet ble bestemt ut i fra funnene pa byggeplass. At
proveprogrammet ble basert pa faktiske forhold bidrar til & oke relevansen til
resultatene fra forsokene. Materialene som ble brukt ble valgt for & representere typisk
norske materialer, for at funnene skulle veere mest mulig representative for den norske
murbransjen. Mortelen som ble brukt var Weber M5 og det ble brukt teglstein Haga
ru red hulltegl fra Wienerberger.

I tidligfasen av proveprogrammet ble det brukt tre ulike vannmengder i murmeortelen
for muring av prevestykker for testing av initialskjeerfasthet. En vat, en middels og en
torr mortelblanding ble brukt. For skjeerprevene ble det per 25 kg torrstoff blandet
med 4,2 liter vann for vat mertel, 3,9 liter vann for middels meortel og 3,6 liter vann for
torr mortel. Dette ga rystebordverdier etter NS-EN 1015-3 (Standard Norge, 2004) pa
148 mm, 165 mm og 196 mm. Den vate meortelen var i neerheten av vateste murbare

konsistens, mens den torre var veldig terr og stiv a arbeide med.



1.3 Hovedmal for oppgaven

Ambisjonen med oppgaven er & kunne bidra til konkrete endringer som oker

kvaliteten:

e Formalet med masteroppgaven er a underseke om ulik vannmengde i

murmertel pavirker fasthetsegenskaper og regntetthet for teglmurverk.

e Utforme og gjennomfere proveprogram og litteraturstudie pa en slik mate at
det er mulig 8 komme med konkrete og praktiske anbefalinger som kan bidra

til gkning av kvalitet for teglmurverk.

e Kommunisere resultatene ut til forskere pa fagomradet og til murneeringen i

Norge slik at faktiske endringer kan skje.

Det er begrenset med forskning og kunnskap pa omradet, og masteroppgaven vil

derfor veere et viktig bidrag til murbransjen.



1.4 Oppgavens struktur

Denne oppgaven er ikke utformet som en tradisjonell masteroppgave, men som en
samling vitenskapelige artikler og tekniske fagartikler oppsummert i en kappe.
Forskningen er beskrevet i de vitenskapelige artiklene og vil ikke bli gjentatt i kappen.
Hensikten med kappen er 8 ramme inn artiklene og dekke forhold som ellers ville blitt
tatt med i en tradisjonell masteroppgave. Kappen beskriver metode og begrunner valg

som er tatt underveis. Det tas ogsa med noe materiale som ikke er tatt med i artiklene.

Kapittel 2 I metodekapittelet redegjores det for valg av metode og
forskningsspersmalene blir presentert. Presentasjonen av litteraturstudie
er mer omfattende enn tilsvarende deler i artiklene, det samme gjelder
utarbeidelse av proveprogrammet. Underkapitlene om selve previngen
er hovedsakelig komplementaere og gjengir bilder og annet som ikke fikk
plass i artiklene.

Kapittel 3  Konklusjonen utdyper og sammenstiller konklusjonene fra de

vitenskapelige artiklene.

Kapittel 4 Kapittelet inneholder forslag til videre arbeid og hvordan tema fra
oppgaven kan jobbes med videre, for & ytterligere styrke kunnskapen pa

fagomradet mur.

Artikler De vitenskapelige artiklene ligger vedlagt slik de er sendt inn i den
hensikt & bli publisert. De tekniske fagartiklene som er publisert gjengis
slik de er publisert. Artiklene er skrevet i samarbeid med veiledere og
andre fagspesialister, og forfatterbidrag for den aktuelle artikkelen

gjengis for selve artikkelen.

Fem artikler har blitt skrevet som en del av masteroppgaven; to vitenskapelige artikler
og tre tekniske fagartikler. Essensen i masteroppgaven er de vitenskapelige artiklene,
det er ogsa der resultater, drefting og relevant litteratur gjengis. Effekten av
vanninnhold i murmertel deles naturlig i to artikler, der en tar for seg
fasthetsegenskaper og den andre tar for seg slagregntetthet. Disse artiklene er skrevet
i den hensikt a bli publisert i internasjonale journaler og krever at leseren har noe
kjennskap til fagomradet for & gi fullt utbytte. I tillegg er det skrevet tre tekniske
tagartikler med mal om 4 na et bredere publikum, og da spesifikt murbransjen i Norge.
De tekniske fagartiklene oppsummerer funnene fra de vitenskapelige artiklene med

vekt pa praktisk nytteverdi for murbransjen.



Vitenskapelige artikler

e Slapg, F., Kvande, T., Hoiset, K. V., Hisdal, J.-M. og Lohne, J. (2017) Mortar
water content impact on masonry strength. (Upublisert: sendt til Masonry

International journal for vitenskapelig gjennomgang 16. juni 2017).

e Slapg, F., Kvande, T., Bakken, N., Haugen, M. og Lohne, ] (2017) Masonry’s
resistance to driving rain — mortar water content and impregnation. (Upublisert:

sendt til MDPI Buildings for vitenskapelig gjennomgang 16. juni 2017).

Tekniske fagartikler

e Slapg, F. og Kvande, T. (2017) Mortelkonsistens avgjerende for kvaliteten pa
murverk, mur+betong, 2/2017, s. 51-52.

e Slapg, F. og Kvande, T. (2017) Best med vat murmertel, Byggeindustrien («Nytt
fra NTNU>»), 8/2017, s. 34.

e Slapg, F. og Kvande, T. (2017) Bortkastet impregnering mot slagregn,
Byggeindustrien («Nytt fra NTNU>»), akseptert for publisering i 12/2017.

1.5 Avgrensning av oppgaven

Masteroppgaven har som fokus & finne variasjoner i kvaliteten pa teglmurverk uti fra
vannmengde i murmertel. Det er et bevisst valg & ikke ga neermere inn pa de tyngre
teoretiske aspektene. I artikkelen om fasthetsegenskapene er det ikke sett neermere pa
statikken. Det samme gjelder fuktransport som fordamping og kapilleer krefter i
artikkelen om slagregntetthet. Det er heller ikke gatt i dybden pa virkemate og kjemisk
oppbygning for impregneringsmidlene. Dette er tema som kunne beriket oppgaven
ved a bidra til & gi en bedre forstaelse av hvordan ting henger sammen. Samtidig gar
dette utover formalet med oppgaven og er ikke ngkkelkompetanse hos undertegnede.
Inntrykket fra litteraturstudiene er at det allerede finnes betydelig litteratur pa

ovennevnte tema.






Kapittel 2
Metode

2.1 Litteraturstudie

For & skrive gode vitenskapelige artikler er det viktig & ha oversikt over eksisterende
forskning. Litteratursokene ble inspirert av metoden «scoping study» beskrevet av
Arksey og O'Malley (2005). Metoden er seerlig nyttig for emner med en begrenset
mengde forskning, da den innebeerer en bred fremgangsmate for & identifisere

relevant litteratur.

Det forste og noe av det viktigste er & formulere gode forskningsspersmal. Presise
forskningsspersmal avgrenser arbeidet ved & klart definere hva en skal svare pa og

dermed ogsa hva som ikke skal besvares.

Artikkelen Mortar water content impact on masonry strenght svarer pa folgende

forskningsspersmal:
e Hyvilken effekt har vannmengde i murmaertel pa boyestrekkfasthet?
e Hyvilken effekt har vannmengde i murmertel pa initialskjeerfasthet?
e Hyvilken effekt har vannmengde i murmertel pa trykkfasthet?

Artikkelen Masonry’s resistance to driving rain — mortar water content and impregnation

svarer pa folgende forskningsspersmal:
e Hvordan pavirker vannmengde i fersk murmertel murverkets slagregntetthet?

e Hyvilken effekt har impregnering pa murverkets slagregntetthet?



Forskningssparsmalene gir grunnlag for a finne sokeord. Sekeordene som ble
benyttet i ulike kombinasjoner er:

Engelske ord: Brick, Bond, Clay brick, Compressive strength, Consistency, Driving
rain, Flexural strength, Flow, Hydrophobic, Impregnation, Masonry,
Masonry strength, Mortar, Nano, Nano-particulate, Precipitation, Rain,
Shear strength, Silane, Silicone, Slioxane, Surface treatment, Water

content, Water repellent, Wind driven rain, Workability.
Norske ord: ~ Mur, Murmertel, Mortel, Rystebord, Slagregn, Tegl.
Sekemotorene som ble benyttet var Oria og Google Scholar.

Hensikten med det innledende soket var a fa et overblikk over hva som finnes av
relevant litteratur, og videre identifisere kunnskapshull. I tillegg til & gjennomfere sgk
er seerlig relevante kilder gatt igjennom for hand, det vil si at alle titler er lest i hensikt
a identifisere relevant litteratur. Dette gjelder Masonry International (journal),
publikasjoner i HERON (for alle titler som inneholdt masonry) og 9 International Brick
and Masonry Conference. Videre er ogsa bibliografier i relevante artikler benyttet for

a finne litteratur. Funnen fra litteraturstudiet gjengis i artiklene.

2.2 Utarbeidelse av proveprogram

Overordnet mal for proveprogrammet var & sammenligne kvalitet pa murverk ved
bruk av terr, middels og vat murmertel. I tillegg var det viktig at materialene og
utferelsen var lik som for typiske norske teglfasader. Samt at det var etterprovbart og
sammenlignbart med andre forsgk og verdier fra NS-EN 1996-1-1 (Standard Norge,
2013b).

Vannmengde ble bestemt som del av fordypningsprosjektet. Ved muring av
provestykker under arbeidet med masteroppgaven viste det seg at samme mengde
vann og martel ikke resulterte i samme konsistens som tidligere. Med bruk av den nye
leveransen av mortel ga vannmengdene mye stivere mortel. Det ble derfor besluttet &
benytte rystebordverdi etter NS-EN 1015-3 (Standard Norge, 2004), sammen med
opplevd konsistens som méleenhet for vannmengde. Gjennomsnittlig rystebordverdi,
ved a vekte provestykkene for initialskjeerfasthet, boyestrekkfasthet, trykkfasthet og
slagregntetthet likt, var 146 mm, 169 mm og 193 mm.



Ved preving av fasthetsegenskaper er det vanskelig & isolere en egenskap som for
eksempel trykk- eller skjerfasthet. Proving resulterer i en kompleks belastning hvor
alle fasthetsegenskapene til materialet har betydning, ikke bare den egenskapen en
onsker 4 teste. Murverk er et komposittmateriale hvor trykkfasthet, strekkfasthet,
skjeerfasthet og elastisitetsmodul for bdde mertel og stein har betydning under
previngen, og hvor heften mellom materialene er avgjerende. Proving etter standard
gir karakteristiske verdier som kan benyttes i prosjektering, samt at resultatene kan
sammenlignes direkte med tidligere og fremtidige forsgk. Derfor er det valgt a basere
den strukturelle delen av proveprogrammet pa standardserien NS-EN 1052
Provingsmetoder for murverk (Standard Norge, 1999; 2013a; 2016).

Det finnes ingen norsk standard for slagregnforsgk pa murverk, SINTEF har imidlertid
en prosedyre NBI 29/1983 (Norges byggforskningsinstitutt, 1983) som er utviklet for
slagregntesting av pusset murverk. Det ble besluttet at slagregnforsgkene skulle
utfores etter denne prosedyren.

Béade validiteten (gyldigheten) og reliabiliteten (paliteligheten) styrkes ved bruk av
standardiserte metoder, at man faktisk undersgker det man ensker a undersoke. I
tillegg styrkes bade validiteten og reliabiliteten gjennom bredden i preveprogrammet,
ved at det er utfert mange ulike forsek som henger sammen. For eksempel kan en si
noe om heften mellom stein og mertel ut fra hvilket som helst av forsekene pa
initialskjeerfasthet, = beyestrekkfasthet,  trykkfasthet,  slagregntetthet  eller
tynnslipanalysen. All bygging av provestykker og proving er utfert av undertegnede,
samt at det kun er benyttet en type stein og en type mortel, som oker risikoen for

systematiske feil. Starre risiko for systematiske feil svekker validiteten.

Murprodukter kommer i mange ulike format og standardene beskriver derfor ikke en
eksplisitt storrelse for provestykker, men gir rammer som antall stein, fuger eller at
hoyde er minst to ganger bredde. Dette gir noe spillerom for hvordan prevestykkene
utformes. En oversikt over provestykkene presenteres i tabell 1. Alle provestykker er
bygget etter krav i NS-EN 1052 (Standard Norge, 1999; 2013a; 2016).
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Tabell 1. Oversikt over provestykker

Egenskaper og Antall murte Sterrelse Kommentar

standard provestykker

Boyestrekkfasthet 3 x5=15 To stein lang og fem Murt for trykkfasthet, men
NS-EN 1052-2! skift hoy. testet for boyestrekkfasthet.
Initialskjeerfasthet 3 x7 =21 Tre helstein murt pa Murt hesten 2016, men testet
NS-EN 1052-32 hverandre. under masteroppgaven.
Trykkfasthet 3x5=15 To stein lang og tre skift Murt for bayestrekkfasthet,
NS-EN 1052-13 hay. men testet for trykkfasthet.
Mortelprover 3x3=9 40x40x160 mm?3 Provene knekkes og delene
NS-EN 1015-11¢  (x2=18) brukes til trykkprover.
Slagregn 4 990x990 mm?. Fem stein Disse ble senere impregnert
NBI 29/1983° lang (inkl. halv- og % og testet pa nytt.

stein) og 13 skift hay.

1(Standard Norge, 2016), 2 (Standard Norge, 2013a), 3 (Standard Norge, 1999),
4 (Standard Norge, 2000), 5 (Norges byggforskningsinstitutt, 1983)

Under arbeidet med beregning av hvor opplagerne for boyestrekkprovingen skulle

plasseres ble det oppdaget at provestykket matte paferes en voldsom last for a fa

tilstrekkelig moment. Dette var et problem bade fordi det ville fort til at vi matte bytte

hydraulisk presse og ikke minst fordi lasten var sa stor at den ville nermet seg

trykkfastheten til provestykkene. Dette ville gjort resultatene upalitelige. Derfor ble

provestykkene med fem skift som var murt for trykkfasthet brukt til forsek pa

boyestrekkfasthet. Tre-skiftsprovene ble testet for trykkfasthet. Disse var ikke innenfor

standardens krav, da de var tre skift istedenfor fem som er kravet. En formfaktor er

beregnet for a ta hensyn til avviket, dette er neermere beskrevet i artikkelen Mortar

water content impact on masonry strength.



2.3 Preving av initialskjaerfasthet

Stalplatene som vist i figur 1 er merket
med meorke streker for & kunne plassere
rullelagrene riktig. 1 overkant er
rullelagrene erstattet med ett sfeerisk
lager da teglet er for ujevnt til & bli testet
med rullelager over og under uten at
proven flytter seg. Etter NS-EN 1052-3
(Standard Norge, 2013a) kan det
benyttes en av to prevemetoder; A og B.
Metode A, med sideveis last, krever
minst tre ulike laster og minst tre
provestykker for hver last. Deretter
ekstrapoleres regresjonslinjen for & finne
skjeerfasthet uten last. Her er metode B
uten sidelast benyttet, som kun krever 6

provestykker.
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2.4 Proving av boyestrekkfasthet
Oppsettet for proving av bayestrekk etter NS-EN 1052-2 (Standard Norge, 2016) er vist

ifigur 2. Standarden krever en avstand mellom indre lager pa 0,4 til 0,6 ganger avstand
mellom ytre lager. Bildet til venstre med preve A2 viser forste oppsett av riggen, med
avstand mellom indre lager 0,5 ganger avstand mellom ytre lager. Dette oppsettet forte
til feil bruddform (brudd utenfor indre lager) for to av de fire forste provestykkene.
Derfor ble riggen bygget om slik at avstanden mellom indre lager var 0,4 ganger
avstand mellom ytre. Etter ombygging var det ingen brudd utenfor indre lager.

Det kan ogsa ses fra figur 2 hvorfor riggen til hoyre var bedre. Ved & ha de indre
lagrene naermere hverandre blir lasten for & oppna samme moment redusert som igjen
forer til mindre skjeerkraft og moment i fugen mellom indre og ytre lager. Forskjellen
kan ses ved at pa bildet til venstre er stilbiten som skal fordele linjelasten sveiset i
ytterkant av lastfordelingsplaten, mens de pa bildet til hoyre er flyttet 30 mm neermere

hverandre ved & sveise fast stalbiten lengre inn pa lastfordelingsplaten.

Figur 2. Boyestrekkprover

Figuren viser at begge prover har gatt til brudd til venstre for steinen i midten, som er

gyldig bruddform.
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2.5 Proving av trykkfasthet

NS-EN 1052-1 (Standard Norge, 1999) krever at lastfordelingsflatene skal vaere plane
og parallelle, og at dette kan oppnas ved bruk av for eksempel sliping og stalplater.
For provestykkene ble plassert i den hydrauliske pressen ble de slipt for hand pa begge
sider for a jevnes ut. Dette kan ses i figur 3 pa bildet til venstre. Provene ble satt opp
med 12 mm asfaltplater og 20 mm stalplater pa begge sider (for jevnere lastfordeling),
som vist i figur 3 i bildet til hoyre.

Figur 3. Sliping og trykking av provestykker
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2.6 Proving av boyestrekk- og trykkfasthet for murmertel

Figur 4 viser proving av mertelprismer etter brudd. Bildet til venstre viser forste forsek
hvor proven knekkes og boyestrekkfastheten maéles. Fra bayestrekkproven far en to
deler hvor begge testes for & finne trykkfastheten. Siden meortelegenskapene betraktes
som materialdata og ikke resultat i artikkelen Mortar water content impact on masonry
strength, vil de bli kommentert her. Trykkfastheten var vesentlig hoyere enn forventet,
med et gjennomsnitt pa 10,2 N/mm? for vat mertel og 16,3 N/mm? for terr mertel. Etter
tabell 31 NS-EN 1052-1 (Standard Norge, 1999) skal M5-mortel ha midlere trykkfasthet
mellom 5,0 og 7,5 N/mm?2. Til sammenligning fikk Bjartnes og Brenstad (2013) i samme
provemaskin trykkfasthet fra 9,1 til 10,2 N/mm?, noe de karakteriserer som sveert hoye

verdier for en M5-mortel.

Figur 4. Mortelprisme under proving av bayestrekk- og trykkfasthet
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2.7 Felt for slagregnpreving

Figur 5 viser hvordan stein suger vann fra mortelen. Feltet (A) er murt med terr mortel
over en periode pa tre timer og bildet er tatt umiddelbart etterpad. Nederst er det kun
en tynn stripe midt pa steinen som ikke er fuktig, mens det mot toppen kun er en stripe
langs kantene pa steinen som er fuktig. Det er laget en stopekant gverst for a tilpasse
feltet til rammen. Stepekanten var dekket av flensen pa rammen og en silikonfuge
under proving, det vil si uten pavirkning pa tettheten. Alle felt er murt pa paller

mellom hjornelekter.

T
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Figur 5. Nymurt felt (A) for slagregnforsek viser fuktopptak i stein
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Figur 6 viser felt C og D under slagregnpreving. Kjeringen startet klokken 10:00 og
klokken viser at feltene har statt i omtrent 12 minutter ved bildetaking. Kameraet,
nederst i midten av bildet, tar bilder hvert femte minutt. Under veggfeltene vises
trauene av grov aluminiumsfolie som brukes til a fange opp vannet som trenger

igjennom veggen, for & kunne male vannmengden.

Figur 6. Baksiden av felt C og D under slagregnforsek

Veggteltene fra innsiden av slagregnskapet vises i figur 7. Bildet gir et visuelt inntrykk
av slagregnsbelastningen. Dyserekken ligger i hoyde med det tredje skiftet fra toppen,
og vannmengden er stor nok til at det er en tilneermet kontinuerlig vannfilm pa

veggfeltene.



et

Figur 7. Veggfelt fra innsiden av slagregnskapet under forsgk. Foto: Geir Mogen

2.8 Impregnering

Noralf Bakken, Forskningsingenior hos
SINTEF Byggforsk, tok initiativ  til
impregnering av veggpanelene. Det er ogsa
han som har planlagt og gjennomfert
impregneringen. Undertegnede har som for
slagregnforsokene malt vanngjennomgang.

Figur 8 viser impregnering av veggfelt (A).

Figur 8. Impregnering. Foto: SINTEF

17



18

2.9 Arbeidsteknikker

Det siste veggfeltet (D) eksponert for regnproving er murt med en mye brukt teknikk
som pa fagsprdket kalles «a skyve stussen». Fremgangsmaten vises i figur 9. Forst
legges det ut et godt lag med mortel, her kan det ogsa veere behov for & hjelpe mortelen
ned i fugen pa forrige skift. Dette kan ses som et lite snitt i mortelen ved den ene fugen
i bildet gverst til venstre. Sa dyttes steinen delvis ned omtrent halvveis ut pa mertelen
som er lagt ut. Steinen holdes med enden lavest mot forrige stein for a lettere skyve
med seg mortel til stussfugen. Steinen mangvreres inn fra baksiden av veggen med
baksiden ned for & begrense «pglser» eller spill bak veggen, og for a ikke rore snoren.
Mens steinen presses inn i fugen og framover vil mortelen begynne a tyte ut. I bilde
nummer to fra venstre pa nederste rad kan en se at fugen er «dradd av» én gang. Legg
ogsa merke til tommelen som flytter seg fra & ha et klypegrep pa steinen til & ligge pa
steinen nar den hviler pa meortelen. Dette for 4 unnga & rore snoren, pa fagspraket
«spille pa snoren», da dette vil gjore det vanskelig for andre 4 mure med samme snor
samtidig. P4 siste bilde henger fingertuppene pa kanten av steinen, dette gjor det

lettere & utfore den siste lille komprimeringen av fugen.

Figur 9. Mureteknikk & «skyve stuss» benytte for veggfelt D

«A slé stuss» er faguttrykket for den andre teknikken. Dette gjores ved 4 ta litt mortel
pa murerskjeen og legge eller sla denne mortelen pa steinens koppside like for steinen
settes pa plass. Egen erfaring tilsier at teknikken med & skyve stuss er den mest brukte
teknikken, og grunnen til dette er at teknikken er noe raskere. Einstabland og Westbye
(1999) beskriver pa bakgrunn av samtaler med folk i bransjen at de to teknikkene «a
skyve stussen» eller «a sla stuss» er omtrent like vanlig. Teknikken som undervises er
«a sla stuss» og det er ogsd denne som anbefales (Madsg, Wold-Hansen og Heaiby,
1998), i den grad noe anbefales. I boken Mur (Juliebg, 2008) som er pensum for murere

anbefales eleven a finne sin egen foretrukne teknikk.
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Kapittel 3

Konklusjon

Det er pavist en klar sammenheng mellom vannmengde i mortel og nokkelegenskaper
for murverk. Mer vann gir bedre heft mellom stein og mertel, dette resulterer i hoyere
boyestrekkfasthet, initalskjeerfasthet og tetthet for murverket. To internasjonale
artikler (Costigan og Pavia, 2014; Baker, 1982) som omhandler temaet stotter
konklusjonen da de har lignende funn og konklusjoner. Det at deres funn ligger sa
neert det som er funnet i denne masteroppgaven pa tross av at det er benyttet stein og
mortel med andre egenskaper berettiger generalisering. Det som kan generaliseres er
trenden at vatere murmertel gir bedre heft og tettere murverk, men i hvor stor grad

vil variere. Trykkfastheten har neglisjerbare forskjeller for de ulike mortelblandingene.

En gjennomgang av byggeregler fra standardverk, til pensum for murere og
anbefalinger fra produsenter viser at det mangler krav og anbefalinger for
vannmengde i murmertel. Noe ydmykhet og forsiktighet er nok pa sin plass nar en
skal komme med anbefalinger til en stor bransje med lange tradisjoner pa bakgrunn
av en masteroppgave. Det bor framkomme at mer vann i mertelen gir bedre heft og

tettere murverk, gjerne fra produsenter og i pensum for murere.

Karakteristiske verdier i det norske tillegget til Eurokode 6 del 1 for initialskjeer- og
boyestrekkfasthet (Standard Norge, 2013b) er ikke sikre ut ifra resultatene som er
funnet her. For a oppnéa forventet konstruksjonssikkerhet ber dette undersokes
neermere, og passende tiltak iverksettes. Dette kan veere & moderere verdiene for
initialskjeer- og boyestrekkfasthet eller kreve testing med den faktiske steinen, mortel
og rystebordverdien som skal brukes pa prosjektet. Spesifikt i tilfeller hvor
initialskjeer- og boyestrekkfasthet utnyttes i dimensjoneringen.

Forsokene viser at impregnering hadde liten effekt pd vanngjennomgangen i
veggfeltene, men utsatte tiden noe for vannet begynte & trenge igjennom. Det er kjent
at impregnering begrenser utterking og eker faren for frostskader nar steinen pa tross

av impregnering blir vat (Sadauskiené, Ramanauskas og Stankevicius, 2003).



20

Resultater fra forsgkene indikerer at teknikken med «a sla stuss» er bedre enn «a skyve
stuss». P& grunn av at blant andre Einstabland og Westbye (1999) har fatt andre
resultater for lignende forsgk og fordi det kun er testet ett panel med skjovet stuss gis

ingen anbefaling pa grunnlag av funnene.
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Kapittel 4

Forslag til videre arbeid

e Nye forsgk med bade regntetthet og strukturelle parametere. Det finnes mange
typer teglstein og murmertel, her er det kun benyttet en type teglstein og en
type murmertel. Nye forsgk med samme variabel (vannmengde i mortel), men
med nye og gjerne flere typer stein og mertel kunne styrket validiteten til

funnene.

e Arbeidsteknikk ga store utslag, samtidig ma resultatene ses mer som en
indikasjon pa grunn av det begrensede omfanget med kun ett veggfelt. Derfor

anbefales videre forskning pa effekten av & sla eller skyve stuss.

e Forsgk i slagregnskap med lavere overtrykk ville trolig gitt storre forskjeller til
fordel for impregnering. Overtrykket i slagregnforseket er 750 Pascal,
tilsvarende orkan vindstyrke. Forsok med mer realistisk belastning vil veere
fornuftig for a4 avdekke hvor godt impregneringen beskytter. Nye forsek med
samme felt med en mindre belastning er under planlegging og blir trolig

gjennomfert hasten 2017.

e Impregnering er testet pa fire ulike felt (en type pa hvert felt). Dermed er det
ikke mulig & si noe sikkert om hvor god effekt de har i forhold til hverandre.
Ved & bruke like veggfelt, gjerne flere for hver type, hadde
sammenligningsgrunnlaget for a vurdere impregneringsproduktene opp mot
hverandre vert bedre. Bruk av samme middel pa ulike felt (som her murt med
ulike vannmengde/teknikk) kunne gitt nyttig informasjon om hvor godt

impregnering fungerer pa vegger med ulik tetthet.

e Testing av frostmotstand for murte prever med mortelkonsistens og eller med
impregnering som variabel. Det vanlige er 4 teste kun steinen for frostmotstand,

men det er rimelig & anta at en tettere vegg taler frostpakjenning bedre.
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ABSTRACT

Building without sufficient knowledge can entail risk
concerning structural safety and resource efficiency. The
authors of this paper share the view that mortar water content
are subject to large variations, and that the consequences of
these variations are unknown or neglected. A literature
review and a test program has therefore been conducted in
order to investigate how the mortar water content influence
the following important strength properties of masonry:
Flexural strength, initial shear strength and compressive
strength. Prior to the test program, the first-author visited six
different buildings sites in order to document on-site mortar
consistency. Based on this, three mortar mixes (dry, medium
and wet) were chosen for the test program. The testing is
conducted basted on NS-EN 1052 series [1-3], and
comparison is made to values given in Norwegian Annex of
Eurocode 6 [4].

It is found that there is a lack of knowledge on this issue in
literature, and further that the guidelines for masons
regarding mortar water content is insufficient. The test
program showed that the structural properties vary
considerably based on the water content of the mortar.
Flexural and initial shear strength increases strongly by
increasing the water content, seven-fold for shear. The
compressive strength of masonry specimens show on the
other hand consistent strength that seems independent of
reduced mortar strength by increased water content.

The recommendation of using wet mortar ought to be
included in the curriculum of masons. Since the scale of the
presented research is rather limited, further testing ought to
be carried out.

KEYWORDS: Brick, mortar flow, masonry strength, shear,
flexural, compressive.

1. INTRODUCTION

Masonry quality depends in essence of three factors —mortar,
bricks and the workmanship involved in the construction [5].
Further the masonry quality is complicated by the interaction
between the mortar and the bricks [6]. In this paper, we
address one of these factors — masonry mortar, hereafter
mortar — and investigate the influence of one of the sub-
qualities of mortar quality — water content and its influence on
masonry strength. More specific, we examine the effect on
hydrated masonry specimens due to change in water content
in fresh mortar.

Mortar strength depends in turn on several factors. Of
these, the most important are the binder, water binder ratio,
composition of sand and additives. Further, the strength of
the mortar depends on the nature of the clay bricks used,
since the suction of the bricks affects the water content of the
mortar during curing.

Mortar strength forms the basis for masonry quality. With
weak mortar, the quality of the whole masonry ensemble is
left uncertain, if not to say dangerous. Based on the
experience of the authors, the implications of practical

masonry work on worksites are little understood, constituting
potential hazardous conditions. In addition, both pecuniary
and environmental concerns concerning the mortar qualities
are significant [7,8].

In Europe, Eurocode 6 [4, 9] gives guidelines for designing
masonry structures, and tabulated values for masonry
strength on basis of mortar and brick strength is given in the
national annex. What the standard does not include to a
significant extent, however, is the influence of actual
workplace conditions concerning the water content of the
mortar on the physical strength of the solutions chosen. Some
research has been carried out concerning factors affecting
the flexural strength on brick masonry [10]. Little seems to
have been done, however, within the field of examining the
influence of mortar water content for masonry strength, since
Baker published an article in 1982 [11]. A notable exception
to this is reported in Costigan and Pavia [12]. We in this paper
analyse the influence of the work-site added level of water in
factory-made designed (dry) mortar, according to the
specifications of NS-EN 998-2 [13].

The hypotheses that initiated the research behind this
article was the following: Use of fresh stiff mortar (mortar with
low water content) by masons leads to weak masonry
strength. In other words, we analyse the effect of the water
content of mortar on masonry strength, according to flow
properties. In order to operationalize this general idea, the
following research questions were outlined:

e Whatis the effect of mortar water content on flexural
strength?

e What is the effect of mortar water content on initial
shear strength?

e What is the effect of mortar water content on
compressive strength?

The analysis presented in this paper is based on an
analysis of designed mortar, specifically Weber masonry
mortar M5 in combination with Wienerberger Haga Red
perforated clay bricks.

2. THEORETICAL FRAMEWORK

2.1 Literature review

Goodwin [14] carried out a comprehensive literature review
concerning the literature on brick/mortar bond in 1982. A few
outtakes from Goodwin’s summary: “There is abundant
evidence in the literature to conclude that the rate of
absorption of the masonry units is the most important single
factor affecting the bond. ... The most desirable value of initial
rate of absorption (IRA) to achieve maximum strength would
appear to be in the range 0.8 — 1.2 kg/m2/min, but an optimum
value less than this is required to provide walls resistant to
water penetration.” (p. 33) “The water retentivity of the mortar,
which is a measure of the ability of the mortar to resist the
suction of the bricks, is considered by many investigators to
be the most important property of the mortar affecting the
bond. A considerable amount of work has been carried out in
an effort to increase the water retentivity of mortars. There is,
however, evidence that consistency, or the quantity of water



in the mortar, is as important as water retentivity in obtaining
good bond strength. This is considered to be the case
particularly with highly absorbent masonry units.” (p. 34)

Following the work carried out there, and according to the
literature review carried out within the context of the research
presented in this paper, the main trend in research on the
effect of masonry/brick interaction on masonry strength is
typically focusing on the following four aspects:

2.1.1 Properties of the mortar

Modified composite mortars have been developed by the
replacement of certain part of lime with pozzolana, such as
burnt clay or fly-ash. This was found to be of advantage [15].
Gazzola [16] showed significant decrease in tensile bond for
mortars made with Portland cement and masonry cement
instead of Portland cement and lime.

2.1.2 Properties of the brick

McGinley [17] showed that the IRA of brick units can have a
greater influence on the flexural bond strength of the masonry
assembly than is generally accepted by the masonry industry.
Groot and Larbi [6] found that not only the water flow from
mortar to brick (which takes place immediately after mortar-
brick contact) but also a reversed water flow from brick to
mortar (occurring after compaction and initial hydration of
mortar) may significantly influence the bond strength
development. Fried and Li [18] showed that the tensile bond
strength generally increased as the maximum water
absorption capacity of the units decreased. The maximum
bond strength occurred at an "optimum" water absorption
intermediate between the dry and fully saturated state.
Yorkdale [19], however, found the effect of IRA not to be
significant enough to taking it into the standards. He
recommends, however, further research, as the relation
between clay masonry units and mortar is not well
understood.

2.1.3 Workmanship

Francis et al. [20] showed experimentally and theoretically
that the strength of four-brick prisms declines as the joint
thickness increases and as the lateral tensile strength of the
bricks diminishes in relation to their compressive strength.
Results from Tabbakhha and Modaressi-Farahmand-Razavi
[21] indicate that mortar cohesion has a considerable effect
on wall strength under in-plane loads. However, under
combined loads, the influence of workmanship quality on wall
strength decreases for the in-plane direction and increases
for out-of-plane direction.

2.1.4 Water content

Internationally, relatively few articles addressing the specific
question of water content in mortar on masonry strength have
been identified. One notable exception from this is Baker [11],
who analyses bond strength of brickwork and the effect of
mortar flow. Baker’s first conclusion was that “[tlhe flow of
mortar is a sensitive and important parameter influencing the
flexural-bond strength of brickwork. Maximum strength is
obtained with mortars of wettest workable consistency” (p.
86). Baker use terms like “the wettest workable mix” and “the
driest workable mix on the flow of the employed mortar,
however, he does not specify flow values. In addition, the
material properties of the brick examined by Baker indicate
that the IRA is high (3.2 kg/m?/min.). In light of this, the results
presented by Baker are not very surprising, since prewetting
of bricks is a well-known method of improving bond for high
suction bricks. A more recent study of Costigan and Pavia
[12] show many similarities to the paper of Baker [11].
Costigan and Pavia used, bricks with an IRA of 1.0 kg/m?/min
which is equal to the bricks used in this study (IRA
1.0/m?/min), IRA of 1.0 is low to moderate [22].

The findings and conclusions none the less coincide with
those of Baker [11]. Costigan and Pavia focused on mortars
with a small flow value difference (165 mm versus 170 mm
flow). The analysis presented, however, lack any clear
judgement of what the actual flow variation can be in
workplace conditions. In addition, their analysis focus on
lime-based mortar, and not on cement-based mortar (being
most commonly used within the Norwegian AEC-industry).

2.2 Vocabulary

Though little actual research seems to have been carried out
on mortar water content impact on masonry strength, the
standards and the literature describes certain properties of
mortar, and properties influencing the interrelation between
mortar and bricks.

e Flow value — A measure of workability by slump or
spread for flow table test of NS-EN 1015-3 [23].

e Initial rate of absorption (IRA) (kg/m?/min) — The mass
of water absorbed by the brick’s bed-side in one minute
in 5 mm of water (note that this value is given with
various units and for 3 mm [6,24] or 5 mm of water [25].

e Water absorption (WA) — The total mass of water
absorbed by fully saturated brick as percentage of the
bricks dry weight [26].

e Cohesion of mortar — The ability of fresh mortar to stick
together/to itself and to the trowel or vertical surfaces.
Lack of cohesion could lead to
segregation/separation/bleeding (losing water) [27].

e  Workability — Property of fresh mortar with main factors
consistence and plasticity [28].

e Consistence — That property of a mortar by virtue of
which it tends to resist deformation (capable of being
changed by the addition or removal of water) [28].

e Plasticity — That property of a mortar by virtue of which
it tends to retain its deformation after the reduction of
deforming stress to its yield point [28].

e Water retentivity — Ability of mortar to retain its moisture
under suction from a masonry unit [29].

On a workmanship level, however, an additional level of
definitions is employed, which all express qualities of mortar
influencing its performance. The following definitions are
based on the experience of the authors:

e  Short mortar — Poor consistency, unable to form a long
even mortar bed, typically thin (lacking in cohesivity
(lacking in binder/lime, air and or filler))

e Creamy mortar — Mortar with a good workability/high
flow without losing the ability to maintain its shape after
placing. Like whipped cream, it is easy to spread
without need of force, still not fluid so it could maintain
a slender shape (like a spike) or carry a brick.

e Wet mortar — Referring to mixed fresh mortar with a
high-water content looking and feeling wet to the touch,
typically having a high flow value.

e  Dry mortar — Referring to mixed fresh mortar with a low
water content looking and feeling dry to the touch,
typically being stiff.

e Stiff mortar — Mortar that in the following is
denominated as stiff is characterized by a relatively low
workability, requiring more force in handling and
placing.

2.3 Guidelines for mortar consistency

2.3.1 The codes

Eurocode 6 [4,9] describes to a large extent the physical
properties of brick and mortar, providing detailed technical
calculation models for assessing the strength of the brick
masonry. The interaction between mortar and bricks is not,
however, described thoroughly, other than in a general
recommendation to follow the design specifications of the



suppliers. Part 1-1 (3.2.3.2) [4] simply states that the
“adhesion between the mortar and the masonry units shall be
adequate for the intended use”. Part 2 [9] proves somewhat
more elaborated, yet still leaving much to the judgement of
the reader: “Satisfactory adhesion should be achieved by
proper preparation of the masonry units and mortar. The
necessity for wetting masonry units before use should be
obtained from the design specification. Where there are no
requirements in  the design specification, the
recommendations from the manufacturer of the units and,
where appropriate, from the manufacturer of factory made
mortar, should be followed.” [9] 3.5.1 (1). However, the
Danish code Tegl 24 [30] have requirements for minimal
mortar flow.

In sum, the standard thus leaves the concrete
considerations concerning the interaction between the mortar
and the bricks to the design specifications of the producers.

2.3.2 Wienerberger bricks

According to their web page, Wienberger is the world’'s
largest producer of bricks. In their technical brochure [31]
(translated from Norwegian by the authors of this paper) page
4, they outline the following instructions concerning the
interaction between the bricks and the mortar: “The mortar
shall have a composition adapted to the initial rate of
absorption of the bricks in order to obtain the intended
interaction between the mortar and the bricks. Pre-batched
dry mortars shall be in accordance with NS-EN 998-2:2016.
The properties of the mortar, and the bond between the
mortar and the bricks shall be documented by the
manufacturer of the mortar.”

For on-site constructed lintels with adapted mortar,
Wienerberger recommends pre-wetting of the bricks units
according to prescribed specifications or priming in
combination with water. Further, the bond between the bricks
and the mortar ought to be controlled according to NS-EN
1052-3 before start-up.

In sum, however, the responsibility for defining the
brick/mortar interaction properties is left mainly to the
manufacturer of the mortar. The exception to this concerns
the specifications of lintels.

2.3.3 Weber mortar

The main supplier of mortar in Norway is Weber. Their most
commonly used mortar is M5, used in a majority of masonry
construction in Norway. In addition, Weber supplies designed
mortar according to distinct brick properties, be they highly or
little absorbent.

In their product data sheet [32] (in Norwegian), Weber in
general recommends using stiff mortar in order to reduce
spilling during the construction of masonry structures.
Equally, the use of stiff mortar is recommended for easing the
cleaning of the facade. There are no considerations of what
stiff mortar actually implies for the masonry quality, like
strength properties.

The vocabulary used, however, proves surprisingly vague.
Concerning the use of the mortar M5 used during the
research presented in this paper, the term used for describing
the consistency of the mortar is “correct” (“riktig”). The
interpretation of the term “correct” consistency is in fact left
undescribed. In addition, no descriptions of the impact on the
structural properties (shear strength, compressive strength,
flexural strength) of “correct” consistency are provided.

The question of what “correct” actually means in work-place
conditions is thus left to subjective interpretation of the
personnel conducting the construction of the masonry work —
that is, the mason him/her self.

2.3.4 Curriculum for masons

If the responsibility for obtaining the “correct” consistency of
the mortar is left to the mason in place, the foundations for
this judgement needs being addressed. The curriculum of the
masons’ education therefore needs scrutiny.

The textbook used nation-wide in Norway is Mur
[“Masonry”] [33]. In this (chapter 2), the interaction between
mortar and bricks is described in the following manner
(translation by the authors of this paper): “It is [...] the
adhesive properties of the interface between the mortar and
the bricks that determine the shear strength, driving rain
resistance and the risk of cracks and micro-cracks. The
interaction between the mortar and the bricks is determined
mostly by the IRA of the bricks and the resistance to water
loss of the fresh mortar. A favorable relationship between
these two properties is a condition for good adhesion”.

The lack in semantic precision observed in the producer
technical specifications can again be observed in the context
of the textbook description. To describe that the relationship
ought to be “favorable” so that “good adhesion” is obtained is
of little help to the practitioner seeking to know how to carry
out the masonry work in an adequate manner.

2.3.5 Conclusion to guidelines

In the authors’ opinion, little actual advice is provided for
practitioners in Norway concerning the consistency of the
mortar with regards to assuring the interaction between bricks
and mortar.

The workplace experience of the main author of this paper
indicates that this corresponds both to observed prior practice
and focused observation. Prior to the research reported on in
this paper, seven work-place visits were conducted. At these,
it was observed that — rather than following any
predetermined prescriptions — the mortar was mixed
according to the preferences of the individual team of
masons. Mortar was mixed wet in order to obtain speed, or
dry to enable less spill and an increased accuracy.

The research presented in this paper thus differs from
existing research by focusing on workplace conditions and
actual mason’s understanding of mortar, bricks and their
interrelation.

As observed in the literature, there seems to be little
knowledge concerning the effect of mortar water content on
initial shear strength, flexural strength and compressive
strength.

3. METHODOLOGICAL APPROACH

3.1 Literature review

The research presented in this paper was initiated by a
scoping literature review, carried out along the guidelines
presented by Arksey and O’Malley [34]. The literature review
focussed on 1) identifying the main trends existing within the
literature, and 2) on establishing the knowledge gaps
existing. Based on this, a further close reading of literature
found to be of particular interest to the research presented
here was conducted. Key words used in the search for
literature included brick, mortar flow, masonry strength, and
shear-, flexural- and compressive strength. Search engines
used included Google Scholar and Oria (Norwegian Library
database). In addition, a comprehensive scrutiny of the
scientific journals and conference proceedings considered
most pertinent to the analysis — in particular Masonry
International and the International brick and masonry
conference — was carried out. The literature review was
carried out during the period August 2016-April 2017.



3.2 Test program

The test program was designed to isolate the effect of water
content in the mortar and be relevant to bricklaying in Norway
today. The mortar Weber M5 was selected on basis of it being
the most commonly used mortar in Norway. Haga Red
perforated bricks from Wienerberger were chosen because of
its properties in terms of color, WA, IRA and that it is
perforated, characteristics that are typical for bricks used in
Norway. See Table 1 for brick and mortar data.

The spectrum of the mortar mixes’ workability in the test
program corresponds closely both to the spectrum observed
during building site tests performed autumn 2016, and with
the recommended spectrum for water content from producer
Weber [32]. The wet mix is close to the wettest workable
consistency and the dry is close to the stiffest workable
consistency, based on the experience of the authors. The
mixing procedure and time was carried out according to
Weber's recommendations. After mixing each batch, the flow
table values were determined according to NS-EN 1015-3
[23]. See Table 2 for test specimen characteristics.

Tests are based on the European norms, specifically the
NS-EN 1015 [1-3] series. Previously mentioned building site
visits and all mixing, bricklaying, conditioning and testing was
performed by the first author of this article.

Bond and strength of masonry depend on good curing
conditions. NS-EN 1052 [1-3] specify that the specimens
should be covered for three days in order to avoid rapidly
drying out. The laboratory is characterized by higher
temperatures and lower relative humidity for the main part of
the year than outdoor conditions, thus forming a harsher
curing environment for masonry specimens. Even so, the sun
and wind of the outdoors environment can dry out masonry
faster than the laboratory air. In order to render the test
conditions closer to outdoor conditions (in accordance with
observed work-place conditions in summer) than what is
described in the standard, it was decided not to cover any of
the specimens during curing. Such non-covering of the
specimens is considered by the authors to result in
conservative testing results.

3.2.1 Specimens for four-point flexural bending test

NS-EN 1052-2 [2] specify spacing of inner bearings to be 0.4
— 0.6 of the outer bearings spacing. Initially, a ratio of 0.5 was
selected. This resulted in breakage outside the inner
bearings. Therefore, the rig was rebuilt to a ratio of 0.4 in
order to maximize the moment between the inner bearing.
After this adjustment, all breakage occurred in-between the
inner bearings as required [2].

3.2.2 Specimens for initial shear strength

The specimens were not preloaded after production (that is,
contrary to the procedure [3]). The specimens where jointed
(front and one end) and brushed to a typical concave finish.

3.2.3 Specimens for compression

The compression specimens were three courses high (212
mm), less than the five courses demanded by NS-EN 1052-1
[1]. The main reason for this deviance was limitations in
material availability and time restrictions. The testing was,
however, considered to be adequate, since its main purpose
was comparing the relative compressive strength of the three
sample series.

Specimens where made on a plane surface. Prior to testing,
both sides received a quick hand grinding to remove any
protruding parts before being placed between 12 mm wood
fiber plates. ¥2-stones where cut on a diamond saw, washed
and dried before construction.

4. RESULTS

Table 3 and Figure 1 provides an overview of the results.
They show a clear impact of water content on the flexural and
initial shear strength. Shear strength is clearly the most
affected structural parameter, with characteristic values
ranging from 0,04 to 0,28 N/mm? for the three mortar mixes,
that is a factor of seven. The specimens made by the wet
mortar resulted in the strongest masonry. Also, the flexural
strength is clearly influenced by water content. The wet
mortar gave specimens 1.6 times stronger than specimens
built with dry mortar.

The measured average compressive strength on mortar
prisms, tested according to NS-EN 1015-11 [35] (without
absorbent filter paper), decreases when the flow value
increases. The compressive strength of masonry specimens
is, however, negligible with respect to the flow values. The
variation within each of the compressive strength series was
low, with a relative standard deviation ranging from 2.3 % to
4 %. Results from the flexural, initial shear and compression
tests on masonry specimens were calculated by means of
characteristic values according to NS-EN 1052 [2, 3] and
Eurocode 0 [36]. This procedure was followed to compare
them with the tabulated characteristic strength values in the
Norwegian annex of Eurocode 6 [4].

Since the tested specimens were two courses lower than
required by NS-EN 1052-1, the characteristic compressive
strengths were multiplied by a shape factor of 0.84.
Researcher’s [37,38] claim that the shape factor in NS-EN
772-1 [39] is uncertain and that the slenderness is the key
factor. The shape factor of 0.84 was obtained from converting
table 1A in [39] to slenderness. Even after this correction, the
compressive strengths measured are considerably higher
than the tabulated values in the Norwegian annex of
Eurocode 6 [4].

5. DISCUSSION

5.1 Effect of water content on flexural and initial shear
strength

The results concerning shear strength, flexural strength and
the relation of these two to water content are in agreement
with Baker [11]. Equally, they add to the validity of Costigan
and Pavia’s [12] conclusions, both by type of mortar and flow
range of the fresh mortar.

Further, the results confirm the general challenge in
achieving designed flexural strength [5], none of the masonry
specimens achieved the flexural strength values tabulated in
the Norwegian annex of Eurocode 6 [4]. The specimens built
with wet mortar was, however, closest.

Only the specimens built with wet mortar achieved the
tabulated initial shear strength from Eurocode 6 [4]. The
declared initial shear strength from Weber of 0.15 N/mmz2[40]
is achieved by specimens built from both medium and high
flow mortar.

The characteristic values achieved are in general on the
safe side. Since there are relatively few (5-7) specimens in
each series, characteristic values may be small. In other
words, the characteristic strength is likely to be higher than
reported here, and this could have been documented by
testing more specimens. The relationship between the
different series is more accurate than the characteristic
values, since they would not be as affected by the number of
specimens.



5.2 Effect of water content on compressive strength

The water content has a negligible influence on the
compressive strength of the masonry specimens, while the
mortar prisms loose almost 40% of their compressive
strength from the same variation in water content. This could
be explained by the fact that there are two contradicting
effects here. First stronger mortar provides stronger masontry,
and second, higher bond strength provides stronger
masonry. Sarangapani et al. [41] concluded that “[a] four-fold
increase in flexural bond strength resulted in a doubling of the
masonry compressive strength” (p. 237). In accordance with
this, the low water content results in strong mortar, while
leading to weak bonding. Correspondingly, a high water
content gives weaker mortar but stronger bond. The effects
consequently cancel each other out, and compressive
strength is left seemingly unaffected by the large variations in
flow and water content.

The first crack on the masonry specimens was logged.
They seem to appear randomly between 40% and 90% of
failure load, thus not providing any valuable information. The
specimens appeared to resist the loads almost unaffected
until approximately 95% of ultimate loading. At this point the
specimens showed clear signs of being close to faliure.

6. CONCLUSION

Results reported on in this paper has identified a lack of
knowledge concerning water content on masonry mortar in
Norway. Equally the guidelines for masons on mortar water
content are found to be insufficient.

Structural properties are found to vary considerably
according to the water content of the mortar within the typical
building site variation. Bond strength (as the combination of
flexural and initial shear strength) increase strongly by
increasing the water content, seven-fold for shear, whilst
mainly still not achieving the values prescribed by Eurocode
6 [4]. This can, in effect, create potential hazardous
conditions.

The compressive strength of masonry specimens show,
however, consistent strength seemingly independent of
reduced mortar strength by increased water content, and well
within the prescriptions of Eurocode 6 [4].
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Figure 1 Strength dependent of flow value
Table 1
Properties of brick and mortar
Brick Wienerberger Haga Red Mortar Weber M5
Category 1 Water added Flow Compressive and
mortar [kg/25 kg] average flexural strength
Dimension LWH 228x108x62 mm3 Declared | Masonry 3.6 — 4.0 | Declared** | Compressive >5 N/mm?
T1, R1* value (4.2 for rendering) Flexural >2.2 N/mm?2
Compressive Declared: 35 N/mm?2* Dry 3.60-3.75 149 mm Comp. 16.3 N/mm?2
strength Flex. 3.15 N/mm?
Water Declared: 8%* Medium 3.90 - 4.00 169 mm Comp. 13.4 N/mm?2
absorption Flex. 3.02 N/mm?2
Initial rate of Declared: 0-1.6 [kg/m?/min]* Wet 4.15-4.30 193 mm Comp. 10.2 N/mm?2
absorption Measured: 1.2 [kg/m?/min] Flex. 2.19 N/mm?2
Holes 22%* Proportions Portland Cement 11.7%, Lime 1-5%, Filler 11.4%,
Chemicals 0.5% Natural sand 0-2 mm 60-100%***
*Product Data Sheet Wienberger Haga Red [42]
** Weber M5 DoP [40]
*** \Weber M5 EPD [43], Weber M5 DoP [40]
Table 2
Overview of test specimens
Specimens Height x Flow values: Number of Curing conditions and age of
Length Dry, Medium, Wet* specimen specimens when tested
[mm?] [mm] [pcs]
Flexural NS-EN 1052-2 362 x 469 148, 171, 189 15 19.8 °C (0=0.5), 21,5 %RH
(0=7.3), 28 days
Shear NS-EN 1052-3 212 x 228 148, 165, 196 21 Approx. 22 °C, 30% RH
27 days (6pcs) and 28 days (9pcs)
Compression NS-EN 1052-1 212 x 469 152, 172, 195 15 19.7 °C (0=0.4), 22.4 %RH
(0=6.8), 28 days
Flexural and compression 40x40x160 148, 171, 189 9 Flexural 19.8 °C (0=0.5), 90-100% RH, 28
NS-EN 1015-11 18 Compression days




*Flow table values after mixing, prior to building. If more than one batch (approximately 14 |) was made to complete the series,
weighted mean value for the batches is given.

Table 3
Results of tests
Flexural strength Initial shear strength Compressive strength
NS-EN 1052-2 NS-EN 1052-3 NS-EN 1052-1
Mix Range fuka® Range fuko™* Range Fiy***
[N/mm?] [N/mm?] [N/mm?] [N/mm?] [N/mm?] [N/mm?]
Dry 0.24 - 0.35 0.19 0.08 - 0.34 0.04 17.2-19.2 13.6
Med. 0.25 —0.46 0.23 0.16 - 0.35 0.15 16.9-18.1 13.9
Wet 0.33-0.57 0.31 0.36 - 0.58 0.28 16.6 —17.6 13.5
Characteristic **** 0.36 0.28 6.0
Design***** 0.19 0.15 3.2

* Characteristic strength calculated from NS-EN 1052-2 [2]
** Characteristic strength calculated from NS-EN 1052-3 [3]
*** Characteristic strength calculated from NS-EN 1990 [36], corrected with shape factor 0.84 based on NS-EN 772-1 [39]
Table A.1.
**** Tabulated values from NS-EN 1996-1-1 [4] Norwegian annex Table NA.904
***%% Design strength (incl. material safety factor ym = 1.9) calculated from NS-EN 1996-1-1 [4] Norwegian annex based on
Normal control class 3 and M5 designed mortar
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Abstract: Service life and function of masonry veneers are often compromised by precipitation
combined with poor design considerations, execution and selection of materials. Little research has
been carried out on the subject of the impact of mortar consistency on masonry’s resistance to driving
rain. Water-repellent (WR) impregnation is typically considered as a quick fix when problems occur.
Wall-panels of 1 m? built with different flow table values for the mortar have been tested in a driving
rain chamber, where both time-lapse videos and measuring of penetrated water are used to evaluate
performance. Subsequently, the panels were impregnated with the most common types of WR
products and re-tested. The analysis shows that changing the mortar mix from dry to wet can
decrease penetration of driving rain by a factor of ten. The test results presented in this article show
that mortar with low water content gives a porous interfacial transition zone (ITZ), thereby increasing
the rate of water penetration. Tested WRs are found to be ineffective in increasing masonry’s
resistance to high pressure driving rain. The results, combined with what is already known about
WR treatments on masonry, calls for careful consideration before applying such treatment. This
proves especially true in countries with much driving rain followed by frequent freeze-thaw cycles.

Keywords: driving rain; mortar flow; impregnation; clay brick masonry; workmanship techniques

1. Introduction

Climate changes are assumed to result in warmer and wetter climate in Norway [1,2], leading to
an increased risk of defects and early decay of buildings. The construction industry has a considerable
challenge in adapting buildings to the new and harsher climate. Masonry veneers are regarded to be
a long life, low maintenance facade material, thereby well adapted to a harsh climate. However,
warmer and moister conditions will lead to new challenges for the performance of masonry [3],
particularly related to increased amounts of rain.

Even though masonry ought to endure driving rain well over time, the extent of costly faults
and defects is discouraging. Problems are in general caused by water, or rather by the combination
of water and lack of knowledge, poor design or execution [4]. Of particular consequence to the quality
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of masonry is the influence of frost. Limiting the water content of masonry veneers limits the risks of
damages influenced by frost [5]. Masonry in Norway is especially exposed to this challenge, since
large parts of the country experience very frequent freeze-thaw cycles [5]. Though the actual influence
of frost is not assessed in this article, frost challenges renders the analysis carried out in this article —
on the permeability of masonry under driving rain conditions - crucial to the Norwegian industry.

One common measure to improve the resilience of masonry to driving rain is impregnation [6].
Two types of studies have been found, studies using brick or parts of bricks and studies with masonry.
When only looking at the bricks, studies generally show a good effect of impregnation with various
water-repellents [7,8], significantly slowing down water absorption into the brick, thus rendering
them more resistant to frost degradation. Studies on masonry show a potential to decrease the
durability of the treated masonry. Sadauskiené et al. [9] found that hydrophobic treatment was
unable to significantly reduce the water permeability of masonry, allowing water to penetrate in
through the brick mortar (ITZ). This poses problem, since the treatment has reduced the vapor
conductivity of the masonry. This lead to the treated masonry failing prior to the untreated during
simulated climate load of moistening-freezing-heating cycles.

Specifications to the workmanship are equally imposed to improve the performance of masonry.
Design guidelines in Norway demand full bed and head joints in masonry, identified as the prime
factor for assuring resistance of masonry to rain [10]. The main reason for this demand is the
perceived need to obtain as far as possible impermeable masonry. “Full” is defined [11] as 85% for
head joints and 90% for bed joints, with no holes in the outer half of the joints. The standard NS 3420-
N [10] does not, however, specify neither the choice of bricks, nor the properties of the fresh masonry
mortar to be used.

Based on the experience of the main author in this article — being an experienced practitioner in
the field — the water content in fresh masonry mortar actually found on building sites varies strongly.
The hypothesis of this article is that mortar water content is crucial to achieve high quality masonry.
This, however, seems to be a rather neglected factor in the research literature aiming to achieve high
quality masonry. To address this general challenge, we address the following research questions:

e  What is the influence of fresh mortar water content on resistance to driving rain of un-
impregnated masonry?

e  What is the influence of impregnating masonry against driving rain?

To address the first of these questions, four panels were tested out. The panels varied with
respect to water content of the mortar used (dry, medium, wet) and workmanship techniques (panels
built with the wet mortar was built with two separate techniques). To address the second, the same
panels underwent impregnation prior to retesting.

2. Theoretical framework

2.1 Principal function of masonry veneer — common practice in Norway

Bricks are commonly used as non-structural veneers, where their function is to protect buildings
from wind, rain and sun. Loading is mostly limited to self-weight, wind and thermal expansion loads.
Brick veneers are normally Y2 brick thick and water permeable. Water that penetrates the veneer is
drained down the backside of the bricks and out through weep holes. The weep holes also provide
some ventilation of the air gap and helps drying the wall. Stiff mineral wool insulation plates are
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85  designed for masonry veneers. Bricks stopping most of the rain combined with a vented and drained
86  cavity before the wind barrier complies with the dual layer climate screen principle, see Figure 1 [12].
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88 Figure 1. Masonry veneer — principal function.
89 There are no explicit requirements to the degree of water-tightness of masonry veneers in

90  Norway. Full bed and head joint is required [12], and the recommended workmanship technique to
91  ensure full head joints are to butter the head of the brick prior to laying [13].

92  2.2. Driving rain in Norway

93 Driving rain is rain driven by winds to fall at an angle allowing it to hit vertical surfaces. Local
94 conditions affecting the wind, mountains and fjords or buildings can cause large precipitation
95  variations [14]. Driving rain maps like the one in Figure 2 are based on long term averaged values
96 and is representative for long term events such as accumulation of moisture in porous materials [3].
97  The map present annual driving rain amount (illustrated with colour scale) from the main wind
98  direction (indicated with arrows) that gives the highest driving rain amounts at each observing
99  station.



100
101

102

103
104
105
106
107
108
109
110
111
112

113

114
115
116
117
118
119
120
121
122

Buildings 2017, 7, x FOR PEER REVIEW 4 of 18

Annual precipitation (mm/yr) :\ -’I’k Y \
[ 0-500 s o
[ 500-1 000 ;”*’6 3\ ¥
I 1 000-1 500 -' - X
I 1 500-2 000 = ‘Y\
I 2 000-3 000
I 3 000-4 000

I 4 000-8 000

Driving rain exposure index (mm/yr)

-200
200-400
I 400-600
I 600-800
I 800-1 000
I 1 000-

Figure 2. Annual precipitation and driving rain map of Norway for the normal period 1961-1990 [15]

2.3. Defects in masonry

Masonry veneers are designed to withstand harsh climate conditions even if they are not
watertight, provided they are designed and built correctly. Even so, there are costly and unnecessary
defects to both new and old masonry veneers in Norway today. Most of these defects up to 80% [16]
are related to moisture. Defects vary and are often caused by a combination of factors. Kvande and
Lisg [16] have categorized defects to masonry in Norway from 1983 to 2002. In this categorization,
they found “deficient rain barrier” to be the main cause in 14% of the cases and “lack of compatibility
(adhesion)” in 6%. These two categories total 20% and is by the authors regarded to be directly related
to the scope of this article. Other common causes of defects regarded to be indirectly related are

i v

“deficient flashing”, “insufficient durability of masonry units”, “deficient drainage of the wall”,

a7

“reinforcement corrosion”, “aesthetic problems” and “salt eruption”, the indirect causes total 39%.

2.4. Clay brick masonry resistance to driving rain

There are three ways for water to penetrate a sound brick wall. Through the bricks, through the
mortar or through the brick mortar interfacial transition zone (ITZ). According to Groot and
Gunneweg [17] the main factor is through the bricks for high suction (high initial rate of absorption
- IRA) bricks and the ITZ for low to moderate suction bricks. Water-penetration and bond are closely
related, Goodwin and West [18] report that researchers when investigating bond often test water-
penetration, and use the indirect values as an indication of bond strength. If bond has a strong
correlation to water-penetration, then water-penetration also have a strong correlation to bond. Groot
and Gunneweg [17] also state that hydraulic mortar has significantly improved barrier effect,
compared to mortars lacking hydraulic components.
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2.5. The influence of mortar water content on driving rain resistance

Bowler et al. [19] found that mortar cohesivity strongly correlated with rain penetration. The
more cohesive the mortar, the better the resistance to penetration of water. Mortar cohesivity is
defined as mortar’s ability to hold together and to stick to various surfaces. Bowler judged the
cohesivity of the mortar by the use of a flow table, where a smaller spread (for a constant consistency)
indicated more cohesivity. The consistency was measured by a plunger test.

Internationally, no articles addressing the specific question of water content in mortar on
masonry veneers water permeability have been identified through the literature review in the
research presented in this article. Baker et al. [20], however, analyzed the effect of mortar flow bond
strength of brickwork. They concluded that “[t]he flow of mortar is a sensitive and important
parameter influencing the flexural-bond strength of brickwork. Maximum strength is obtained with
mortars of wettest workable consistency” (p. 86). This analysis lies, in fact, very close to the research
reported on in this article. Baker et al. [20] uses, however, terms like “the wettest workable mix” and
“the driest workable mix”, without reporting on the specific flow of the mortar employed. In addition,
the IRA of the brick used by Baker et al. [20] is high (3.2 kg/m2/min.). These analyses do not address
questions concerning resistance to rain penetration and deviate from the most common brick
properties within the Norwegian context (IRA approx. 1.0 kg/m2/min.).

A recent study of Costigan and Pavia [21] use bricks with an IRA of 1.0 kg/m2/min., consequently
are similar to Norwegian conditions. Their findings and conclusions none the less coincide with those
of Baker et al. [20]. Costigan and Pavia [21] focused on low-flow valued difference mortars (165 mm
versus 170 mm flow). The analysis presented lacks, however, any operational analysis of what the
actual flow variation can be in workplace conditions. In addition, their analysis focus on lime-based
mortar, and not on cement-based mortar (being most commonly used within the Norwegian AEC-
industry). Neither do they consider resistance to rain.

2.6. The influence of impregnation of clay brick masonry on driving rain resistance

As mentioned in the introduction, water repellents seem to work well with bricks. Masonry with
cracks and pores on the other hand is problematic. WR treatments are non-film and non-crack-bridge
forming, as early as 1963 Hutcheon [22] concluded that silicone masonry water repellents are unable
to prevent water from entering though cracks and large pores. Equally, he maintained that rate of
evaporation may decrease and walls could be worse off with regards to freeze thaw cycles. The
conclusion that impregnation could be destructive is since shared in full or partially by others
[9,23,24]. Table 1 gives an overview of four common types of WR impregnation products.
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Table 1. Types of water-repellent impregnation.

Water Water Vapour Water Service Characteristic

repellent Transmission Repellence Life Years

Silicone Fair [23] Varies [23]  1[23] Low resistance to alkaline building

(resins) materials [25]

Silane Very good [23] Very good 10+ [23] Highly Volatile. React with moisture to
[23] form its water repellent characteristics.

Composed of smaller molecules and,
therefore, can penetrate deeper into the
masonry. Alkali resistant. Effectiveness
depends on the presence of alkaline
materials. [25]
Siloxane Very good [23] Very good 10+ [23] Contains a built-in catalyst, reducing
[23] dependency on alkaline materials for
effectiveness. Can penetrate deeply
into the masonry substrate. Evaporates
slower than silanes. [25]
Nano Excellent [26]  Very good  N/A Show similar properties as traditional
[26] silane-siloxane products with respect
to reducing water ingress. Affect
drying of the material much less than
traditional products. [26]

2.7. Knowledge gap

Some studies have been carried out on different mortar- and brick qualities. None have been
identified, however, that consider the relationship between water content in fresh mortar and
resistance to driving rain. Equally, the influence of impregnation to driving rain resistance seems to
have been little scrutinized. For impregnation, the effect on bricks and mortar is known, also with
regards to durability (especially under freeze-thaw conditions). The rain penetration resistance of
veneers before and after impregnation seems, however, to have been largely unscrutinised.

3. Materials and Methods

3.1. Material selection and properties

Mortar and bricks were selected to best represent a typical Norwegian brick veneer wall. The
mortar is a Portland cement (with some lime for workability) named Weber M5. This is the most used
mortar in Norway. The bricks are Haga red perforated clay bricks from Wienerberger. Impregnation
was chosen to test the four principal types of masonry water-repellent (WR) treatment silicone, silane,
siloxane and nano-particulate. The materials are presented in Table 2 and Table 3.

Table 2. Masonry materials.

Material Name Producer Details
Clay brick Haga red Wienerberger WA 8% [27], IRA 1.0 kg/m?/min.) *
Masonry Portland Cement 11.7%, Lime 1-5%,
M5 Weber Filler 11.4%, Chemicals 0.5% Natural
mortar

sand 0-2 mm 60-100% [28,29]

* WA is a declared value, IRA was measured
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Table 3. Water-repellent impregnation materials.

Material Name Producer
Silicone WR Aquasil Hey'di
Silane WR Planisil WR-100 Mapei
Siloxane WR  1..2..fugeimpreg Mira
Waterbased o
SurfaPore C SurfaProducts Scandinavia
nano WR

3.2. Building and impregnation of panels

Four panels were built with different mortar flow and workmanship technique as variables.
Panels named A, B and C was built using low, medium and high water content mortar. The
building of A, B and C was done using the recommended workmanship technique of buttering.
Panel D was built with high water content like C, but with another workmanship technique,
notably that of pushing head joints. Different batches of the same mortar gave considerable
variation in consistency with precisely the same dry mortar to water ratio. Therefore, even
though water content was the variable we wanted to investigate, the mortar was judged by
consistency i.e. flow table value rather than amount of water. Flow value of panels was A 135
mm, B 174 mm, C and D 186 mm. Thus, water content, flow and consistency can be seen as
synonymous in this research program. This might not be the case elsewhere, since mortar
composition or additives can change consistency while keeping water content constant. Also,
consistency could include other properties of the mortars rheology than only the flow table value.

Panels were 990 mm x 990 mm and the exposed front of the panels after mounting in frames
was 950 mm x 950 mm. joints were on average 13 mm for both bed and head joints with a
brushed concave finish. Bricks for adjustment were cut with a mason’s brick chisel. The building
of the panels was done in order to simulate real on site conditions. More precisely, this means
that the panels where built between fixed corner poles from the front side only, and after
completion excess mortar was removed. The panels were built and cured for 28 days (27 for B
and D) in laboratory air, uncovered. Average temperature in the laboratory was 19.8 °C with a
standard deviation of 0.5 °C, whereas average relative humidity was 21.5% with a standard
deviation of 7.3%. After the first round of rain testing, the panels were dried for 11 weeks and
then impregnated according to the producer’s recommendations. See Table 4 for details on
application of impregnation.

Table 4. Application of impregnation.

Drying
Recommended Actual
WR Panel Coats* between ] .
consumption consumption
coats
Aquasil A 2 2.5 hours 0.2-0.4 I/m?2 0.301/m?2
Planisil WR-100 B 2 10 min. 0.1-0.2 I/m?2 0.15 1/m?2
1..2..fugeimpreg C 2 None 0.10-0.05 1/m? 0.151/m?
SurfaPore C D 1 - 0.13-0.10 1/m?2 0.11 1/m?2

* Both recommended and applied number of coats
3.3. Test procedure NBI 29/1983

The tests were carried out in a driving rain chamber in accordance with NBI method 29/1983 [30]
(internal SINTEF Building and infrastructure method). The panels were assembled in the opening of
the apparatus with the exposed side facing inwards into the chamber. A joint sealant (tape) was used
to seal the joint between the chamber and the panels’ frames. A determination of driving rain
resistance was carried out according to the following exposure procedure:
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e  Five hours with a static overpressure of 750 Pa (corresponding to wind with hurricane force)
and sprayed with water 1.2 1/(m? min). Spraying of water was located at the upper part of the
test panels, third course from the top.

e  Five hours without air pressure and spraying water but with a stream of air on the panel surface
(fan continues to operate, cabinet is opened).

e  Thirty-six hours with a static overpressure of 750 Pa and sprayed with water of 1.2 I/(m? min).

The test procedure includes monitoring of the panels during testing. Here the panels were
photographed every 5 minutes, resulting in time-lapse videos. In the testing of the unimpregnated
panels, they were monitored in person for the first two hours. In the testing of the impregnated panels,
sporadic in person monitoring was carried out. Weighing of panels before and after was also carried
out according to the procedure.

3.4. Assessment of water penetration following driving rain

The procedure used to assess water penetration following driving rain is not standardized or
previously described, although the collection and measuring of water that penetrates a masonry wall
has been carried out previously [17,31]. The aim was to collect solely the water that went through the
panel, avoiding water that was running down on the inside of the panel or took the shortcut around
the sealant in the corners. Following visual observation of the panels being completely soaked, the
penetrating water was collected. Troughs were folded from heavy-duty aluminium foil slightly
longer than the panels, 30 mm wide and 50 mm high. They were placed underneath the backside of
the panels. See principle cross section illustration in Figure 3. 20 minutes was found to be the best
practical compromise between not overfilling (reducing the risk of spilling) and still having sufficient
water to minimize the measurement error by the water left in the troughs after emptying them into
measuring cups. The amount of water was assessed in the same measuring cup. This was found to
be sufficiently accurate for comparing the different panels.

\
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Figure 3. Collecting water, principal cross-section.

3.5. Thin sections

Three thin sections (A, B and C) 48 mm x 28 mm were prepared from masonry built with
approximately the same flow table values (A 148 mm, B 165 mm and C 196 mm) as for the wall panels.
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The preparation of the thin sections was done by Thin Section Laboratory Norwegian University of
Science and Technology. The preparation included fluorescence impregnation and polishing.
Microscopy analysis with UV filters was performed. This analysis equally included the measurement
of actual contact between the bricks and the mortar (bond), and a visual assessment of the density of
the mortar.

3.6. Influence of workmanship

From professional experience, and from the previously mentioned building site visits it is known
that pushing the head joint is a common technique in Norway. This in contrast to the recommended
technique, which is to butter the end of bricks prior to laying to ensure full joints [13]. The
recommended technique is used for all three mortar mixes (panel A, B and C). To evaluate the
influence of workmanship panel D was built by pushing the head joints. The only difference between
C and D was the technique used to fill the head joints.

4. Results

4.1. Water penetration

The main results are based on visual observations, seeing when, where and how much water
penetrate the panels see Figure 4. The authors recommend seeing the time-lapse videos documenting
the procedure, to which a link is included in the Supplementary materials section. The panels were
first tested without any form of coating, and later impregnated with four types of WR see Table 3.

Figure 4. Panels A, B, C and D after 45 minutes of simulated driving rain.
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First presented is the results for the untreated panels, in Figure 4 and in the upper part of Table
5. Panel C is clearly better than the others, in order by appearance in Figure 4 from best to worst C,
B, A and D. The first or major points of leakage seem to be somewhat randomly distributed, even so
some assumptions can be made from knowledge about the panels and observation of the test. Panels
were built between corner poles, therefor there was no room to compress the last joint on each course.
The last joint can be seen on the left (back) side of the panels in figure 4. All panels show signs of
leaking more easily at the last joint. A corner pole or the meting point between two masons would be
the equivalent on a construction site. It also looks like the head joints are worse than the bed joints.
An exception is panel D where the bed joints appear to be somewhat worse than for the other panels.
This implies that taking mortar from bed joints to fill head joints has a negative impact on the bed
joint.

Prior to testing, it was expected that incomplete filling of mortar in some of the joints could be
weak points. This appears, however, not to be the case. It can be seen in Figure 4 that the joints are
not completely filled on the backside of the panels. Even by means of careful observation it was not
possible to observe any additional weakness in these areas.

Table 5. Wetting of the backside of panels [%]

Time Panel A Panel B Panel C Panel D1
State?’ |'p M W D M W |[D M W |D M W
5min |95 5 0 |95 5 0 |95 5 85 10 5
15min [90 5 5 |9 10 0 |95 5 80 15

5

30min |80 10 10 |85 10 90 10

lhours | 60 20 20 70 15 15 90 10 55 25 20
2hours | 25 40 35 50 30 20 85 10 40 30 30

S5hours | 15 20 65 30 45 25 65 20 15 15 15 70

<5% D | 6 hours 20 min | 8 hours 25 min 11 hours 50 min | 5 hours 25 min

70 20 10

a o o o O

Time A silicone B silane C siloxane D nano-particulate

State? D M W |D M W | D M \% D M w

Smin 1100 0 0 [100 0 0 100 0 0 [100 0O 0
I5min 1990 5 5 |90 10 0 [100 0 0 |95 5 0
30min 1 gy 15 5 |8 15 5 (95 5 0 [9 10 0
lhours |45 35 20 |50 40 10 |95 5 0 |75 20 5
Zhours | 15 45 40 |20 65 15 |95 5 0 (30 6 5

Shours | 10 55 35 |10 80 10 |8 10 5 15 75 10
<5% D3

6 hours 30 min | 7 hours 25 min 13 hours 0 min 5 hours 45 min

! Note that panel D has been built by pushing the head joints unlike the rest of the panels where mortar for
the head joints was placed on the brick prior to laying.
2State describes Dry (no sign of moisture), Moist (dark fields/spots) and Wet (visible free water, shiny surface)
the values are visually derived from the time lapse videos with accuracy limited to 5%.
3 Time until more than 95% of the backside surface is wet or moist.

From visual inspection during testing impregnated panels showed some resilience to wetting of
the facade surface, confirming that they were to some degree water repellent. Table 5 show that all
panels where in fact more resistant to rain penetration in the early stages of the test. Even so both the
visual results in Table 5 and the measuring of water passing through the panels in Table 7 indicates
little to no improvement in the water-tightness of the panels due to impregnation with water-
repellent silicone, silane siloxane and nanoparticulated.
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Weighing before and after testing form part of NBI 29/1983 [30], and results are presented in
Table 6. All panels were soaked after completion of the test procedure so the results do not provide
much information except from the mass increase (= 115 N). This accords well with panel size and the
declared water absorption of the bricks (8% see Table 2).

Table 6. Mass gain of panels [N].

Panel A Panel B Panel C Panel D
Untreated 138 98 111 109
Impregnated 111 107 117 115

The prescribed breaking of the panels in accordance with NBI 29/1983 [30] — carried out to
measure how far the water has penetrated — was not carried out, since the panels clearly were wet

all the way through.
Table 7. Water penetration towards the end of the testing.
Panel A Panel B Panel C Panel D
Flow - mm 135 174 186 186
Penetration - I/h*m? 1.14 0.97 0.14 0.67
- . . Nano-
Water-repellent Silicone Silane Siloxane )
particulate
Treated penetration 1.15 1.38 0.06 0.50

All the tested WR's is supposed to be invisible, and were in fact invisible after application. After
testing it looks like all the panels have a weak brown yellow discoloration of the three upper joints.
These joints were above the water spraying heads during testing. Also, panel A and panel B have rust
brown deposits running down the wall from some of the ITZ between the brick and mortar. See
example in Figure 5 (a). A simple spray test to evaluate water repellence was performed. All panels
prove to be water repellent, and all panels absorbed some water. Ranking the WR’s from best to worst
based on visual impression gave the following order. Nano was best, Silane and Siloxane were similar
and Silicone had the poorest performance. Figure 5 (b) shows a part of panel D (Nano) during spray
testing.
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@ (b)

Figure 5. (a) Rust brown deposits from ITZ’s of panel B after drying; (b) Water repellency of panel D.

4.3. Microscopy analysis of thin sections

The quality of the interface between the brick and the mortar differs between the three thin
sections, see Table 8. In the areas without contact, elongated air voids and some cracks were observed.
The samples made from masonry with dry and medium mortar both had one interface (brick to
mortar) loosened during preparation of the thin sections.

Table 8. Contact in/on brick and mortar interface.

Thin section Dry Medium Wet
Upper ITZ of joint Fracture Fracture 35%
Lower ITZ of joint 10% 20% 50%

In the dry sample, a somewhat lower porosity can be observed in the mortar at the interface
from the brick surface to max 0.4 mm from the brick. The reason for this is most likely that the brick
has sucked water from the mortar during the hydration process. This phenomenon can hardly be
observed for medium water content sample, and not at all for the wet sample.

Figure 6 is an example of an area with good bond and were there the contact zone between
mortar (on top) and the brick (bottom, dark area) is good. Good contact between mortar and brick
leaves less pores for water to penetrate. In figures 6 and 7, the yellow parts are air voids, filled with
yellow epoxy. Both Figure 6 and 7 are made from samples that was built using wet mortar. Figure 6
illustrates good contact between mortar and bricks. Figure 7 show large, elongated air voids in the
ITZ, where water easily can penetrate.
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322

323

324 Figure 6. Microscopy image of thin section, area with good contact.
..'. A : '__:'.' 'v“‘ A\ :

326 Figure 7. Microscopy image of thin section, area with large, elongated air voids.
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5. Discussion

The research reported on in this paper set out to find 1) the influence of fresh mortar water content
on resistance to driving rain of un-impregnated masonry and 2) the influence of impregnating
masonry against driving rain.

5.1 The influence of fresh mortar water content

Using wet masonry mortar has shown to be effective in achieving good bonding between mortar
and brick, thus strongly reducing water permeability. The result is that more water in fresh mortar
improves resistance to driving rain. This appears to contradict Bowler et al. [19], maintaining that a
smaller flow table spread would be more resistant to driving rain penetration. By measuring flow at
a constant consistency (measured by a plunger), Bowler et al. [19] measured the properties of the
mortar itself rather than the effect of added water. Therefore, both conclusions could be sound, and
the combined conclusion would be that masonry mortar should have both good cohesion and a high
flow value.

Placing mortar consistency in a broader context, it seems probable that changing from dry to wet
mortar would lead to reducing moisture related defects and decay, improving structural properties
and — according to the experience of the main author — an increased pace of building. The
disadvantages could be challenges to achieve aesthetic quality equal to that obtained by using dry
mortar, since wet mortar increases spilling and the need for cleaning of new walls.

According to the analysis, workmanship techniques seem to be significant. Table 5 show that
the untreated panel D has the poorest early stages performance of all panels. This is so, even if it was
built with the same wet mortar as panel C, which was the best inn all aspects. This indicates that
using the recommended technique of buttering the bricks can significantly improve masonry quality.
Due to only one panel having been built by pushing the head joint, the research reported on in this
article is not sufficient to make general recommendations concerning workmanship. Einstadblad and
Westbye [31] found in their tests of workmanship techniques that buttering was better for red bricks
(IRA 1.0 kg/m?/min.) but not for yellow bricks (IRA 4.0 kg/m?/min.). Their conclusion was that the
most important factor was the mason’s professional pride or work ethics. Their masonry techniques
(especially in that the mortar used was drier than what is used in the research reported on in this
paper) differ in a manner that render comparison challenging. Non the less, we agree that these are
important factors. Even so, we maintain that knowledge about other more specific factors is equally
important. Amongst these, knowledge on mortar water content and workmanship is essential both
for practitioners seeking to deliver the best they can and for imposing quality standards.

5.2 The influence of impregnating masonry

Hydrophobic impregnation reduced water penetration in all four tested WR’s in the first
minutes. After this, no measurable improvement could be observed. The observed failure to reduce
water permeability could to some extent be due to the extreme conditions of the testing procedure,
especially the overpressure 750 Pa (equal to hurricane wind speed). Such conditions have earlier been
shown to influence performance of rendered masonry compared to testing without overpressure [32].

Because the WR’s were tested on substantially different panels, there is no basis for evaluation
the different WR’s against each other. Both the abilities of the specific WR and the properties of the
panel could contribute to the recorded performance. Testing WR’s on similar panels with a more
realistic wind load would be beneficial in evaluating their performance. Figure 7 with large,
elongated air voids of around 200 um can explain why the WR’s are unable to increase resistance to
driving rain. Impregnated veneers allow moisture to enter, and hinders it in escaping. Water retained
in the masonry increases the risk of frost deterioration, as reported by Sadauskiené et al. [9]. Blom [6]
recommend using WR impregnation on masonry veneers, stating that it will efficiently reduce
moisture in veneer walls, and reduce moisture load on the internal part of the wall. He does, however,
question the efficiency if the wall has cracks that can lead to capillary suction of water into the wall.
Based on driving rain test and thin section analysis we find it reasonable to assume that the ITZ
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between mortar and brick masonry does in fact have air voids that cannot be protected from moisture
ingress by applying WR impregnation.

6. Conclusion

High flow i.e. high water content masonry mortar strongly improves masonry veneers’
resistance to driving rain, even for low to moderate IRA bricks. Within the workable range of mortar
consistency, more water unequivocally provides improved results. The test results presented in this
article show that mortar with low water content gives a porous ITZ, thereby increasing the rate of
water penetration.

According to the test results, WR treatment cannot be expected to improve masonry veneers’
resistance to high pressure driving rain. The results reported in this article, combined with what is
already known about WR treatments on masonry, calls for careful consideration before applying such
treatment. This proves especially true in Norway and other countries with much driving rain
followed by frequent freeze-thaw cycles.

Supplementary Materials: The following are available online at www.mdpi.com/link, Videos: S1 Time-laps
Untreated A and B, S2 Time-laps Untreated C and D, S3 Time-laps Silicone A and Silane B, 54 Time-laps Siloxane
C and Nano D.
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INGRESS: Murmegrtel blandes pa byggeplass av tgrrmgrtel og vann. | motsetning til andre
blandeprosesser pa byggeplass der vekt eller volum gir blandeforholdet, blandes mgrtel til den
konsistens mureren foretrekker. Men variasjon i vannmengde har stor innvirkning pa heften mellom
mertel og teglstein, og dermed pa kvaliteten til det ferdige murverket.

Artikkelen gir et sammendrag av masteroppgaven til Fredrik Slapg med unntak av regnprgvingen av
de impregnerte teglpanelene. Innlegget er en mer omfattende versjon av «Best med vat murmgrtel»
og er skrevet av Fredrik Slapg med veiledning av Tore Kvande.
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Murmortel blandes pa byggeplass av terrmertel og vann. | motsetning til andre blandeprosesser
pd byggeplass der vekt eller volum gir blandeforholdet, blandes martel til den konsistens mureren
foretrekker. Men variasjon i vannmengde har stor innvirkning pd heften mellom mertel og teglstein,

og dermed pd kvaliteten til det ferdige murverket.

N&r mureren bestemmer konsistensen pd murmartelen, gjeres
den etter egne preferanser. Vanntilsetningen kan derfor variere
mellom byggeplasser og mellom murerlag.

Fredrik Slapss masteroppgave tar utgangspunkt i hans inntrykk,
fra sju & som praktiserende murer, av at variasjonen i mengde
vann som tilsettes torrmertel pd byggeplass er stor. Mélet med
oppgaven er & avdekke om variasjonen i vannmengde har konse-
kvenser for kvaliteten til ferdig herdet teglmurverk.

Hvorfor vat eller terr mertel?

Muring med lite tilsatt vann gir en stiv mertel som er

o enklere & mure uten sel, og sam dermed reduserer behavet for
rengjering av ferdig fasade.

o enklere & mure noyaktig, i den forstand at det er vanskelig &
trykke mursteinene for langt ned

o mer 'tilgivende" og gir inntrykk av okt kvalitet.

Muring med vat mortel

o er fysisk lettere for mureren siden den er lettere & hente fra
beholderen, legge ut og presse mursteinen ned i. Muliggjer
derved raskere fremdrift

o klistrer seqg lettere til steinen, kan gi mer sol pd murverket

o kan ved for rask oppmuring gjere at vekten gir sammentryk-
king av nedre skift i murverket for mortelen har satt seg.

Krav til vanninnhold i martel

Eurokode &: Prosjektering av murkonstruksjoner - Del 2 'Valg
av materialer og utfgrelse av murverk' krever tilfredsstillende
heft mellom mortel og murprodukt, og sier at dette skal opp-
nds ved & folge prosjektbeskrivelse, og dersom dette mangler
skal anbefalinger fra produktleveranderene falges. Wienerberger
(steinprodusent) spesifiserer at martelen skal vere tilpasset
minuttsuget til teglsteinen for & oppnd gnsket samvirke, mens

Tekst: Fredrik Slape. student og Tore Kvande, professaor,
Institutt for bygg- og miljeteknikk

Weber Saint-Gobain (mertelprodusent) anbefaler & bruke riktig
konsistens pd mortelen for & minske sel og lette rengjering.
Etter v&r oppfatning er slike beskrivelser for lite spesifikke.
Valg av mertelkonsistens blir dermed i stor grad overlatt til
murerne pd byggeplass uten tilstrekkelig oppleering til & ta
dette valget. Pensumboken for murerutdanningen, ‘Mur' av Eldar
Juliebo, sier at forholdet mellom teglsteinens minuttsug og
mertelens vanntapsmotstand bestemmer heftegenskapene for
murverket, og at et fordelaktig forhold her sikrer god heft. Murer-
oppleeringen gdr ikke mer i dybden p& hvordan dette gunstige
forholdet skal oppnds. og omtaler heller ikke 'mortelkonsistens'.

Proveprogram N
Hensikten med proveprogrammet var & studere effekten pd det i =
dag mest typiske norske murverket. Derfor er det valgt Wiener- N
berger Haga ru red (minuttsug 1.2 kg/(m? min)) teglstein murt

med Weber M5. Kvaliteten til herdet teglmurverk (28 degn) er . 2
kontrollert ved preving av bpyestrekkfasthet, initialskjerfasthet, §§

trykkfasthet og regntetthet, og preving er utfert i titknytning tit
SFI Klima 2050. Resultatene er oppsummert i tabell 1.

Som et forarbeid til masteroppgaven. ble syv byggeplasser
med utvendig teglmuring i Midt-Norge besekt hasten 2016. Méling
av mortelkonsistens viste stare variasjoner, 0g denne variasjonen
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Den mest regntette teglfasaden oppnés ved muring med vat mortel. Foto: Geir Magen

Egenskap Provestandard | Male- | Krav | Mertelkonsistens

enhet Torr/ | Mid- | Vat
stiv | dels

Fersk mortel-  |NS-EN 1015-3  |mm = 150|170 [190

konsistens

(rystebord)

Mgrtel- NS-EN 1015-11  |[N/mm? |50 ** |16,3 |134 |10.2

trykkfasthet

Mortel baye- NS-EN 1015-11  [N/mm? |- 315 13,02 |2]19

strekkfasthet

Trykkfasthet NS-EN 1052-1  |[N/mm2 |60 * |136 |139 |135

murverk

Boyestrekk- NS-EN 1052-2 |N/mm? [036 * |0]19 [023 |0.3]

fasthet murverk

Initialskjeer- NS-EN 1052-3 |[N/mm? |0.28 * |0.04 |0]5 |028

fasthet murverk

Regngjennom-  [NBI 29/1983  |U/(h-m?) |- 14 1097 |0MH

trengning

* Krav i Eurokode 6

** Krav i NS-EN 998-2

Tabell T: Murmortelkonsistens effekt pd sentrale egenskaper til
teglmurverk og martel

dannet utgangspunkt for proveprogrammet gjennomfert i master-

oppgaven. Provestykker ble her murt med vanntilsetning som ga
konsistens malt med rystebord etter NS-EN 1015-3 p& 150 mm
(terr/stiv), 170 mm (middels) og 190 mm (vét).

Stor effekt pa& bayestrekk- og skjeerfasthet

Provingen viser at mertelens vanntilsetning har stor effekt pa
heften mellom mertel og stein og dermed pé sentrale fasthets-
egenskaper. Bayestrekkfastheten er malt 1.6 ganger hayere for
v8t mortel enn for terr/stiv, mens skjarfastheten er hele 7
ganger hpyere for den vate martelen. @kningen er linecer med

pkende vanntilsetning. Det er imidlertid overraskende at resul-
tatene for samtlige mortelkonsistenser (8 under karakteristisk
boyetrekkfasthet fra Eurckade 6.

Liten effekt pd trykkfasthet

Alle martelblandinger (stiv, middels, vat) ga jevnt hay trykkfast-
het for murverket og godt over forventet karakteristisk verdi i
henhold til Eurokode 6, for valgt kombinasjon av teglstein og
maortel. Hoyere vanntilsetning gir markert svakere fasthet for
selve murmortelen, men bedre heft til teglet gjer at trykkfast-
heten til murverket ikke varierer innenfor den konsistensvariasjo-
nen som er undersgkt.

Stor effekt pa regntetthet

Teglforblendinger er robuste vegger, men helt regntette er de
ikke. Det er kjent at noe vann vil komme inn gjennom selve
teglsteinene, litt mer gjennom mortelfugene., men mest via
heftsonene tegl/mertel. Proving i SINTEF sitt slagregnskap viser
klar sammenheng mellom martelkonsistensen murverket er murt
med og regntettheten. Previngen viser ti ganger storre vanngjen-
nomtrengning for prevefeltet murt med den terre/stive mertelen
enn det som er murt med den vate martelen.

Anbefaling

Resultatene viser en klar sammenheng mellom martelens vann-
tilsetning og kvaliteten til det ferdige teglmurverket:

Bruk av vat murmertel gir best heft til teglstein og dermed
best beyestrekkfasthet, initialskjerfasthet og regntetthet.
Variasjonen i vannmengde brukt pd norske byggeplasser er stor
og betydelig med tanke pd kvaliteten til herdet teglmurverk.

Vi anbefaler en tydeligere angivelse av vanntilsetningen til terr-
mertelen for & sikre jevn og god murkvalitet.
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TEGLMURVERK. Fredrik Slapg forbereder slagregnpreving av tegimurverk. Den mest regntette teglfasaden oppndr du ved muring med vdt mortel.

]

Foto: Geir Mogen.

Best med vat murmortel

Fredrik Slape og Tore Kvande
Institutt for bygg- og miljeteknikk

Né&r mureren bestemmer konsis-
tensen pd murmertelen, gjeres
den etter hans/hennes preferanser.
Vanntilsetningen kan derfor varie-
re mellom byggeplasser og mellom
murerlag. Masteroppgaven til Fred-
rik tar utgangspunkt i hans inntrykk
fra sju &r som praktiserende murer,
av at variasjonen i mengde vann
som tilsettes terrmertel pa bygge-
plass, er stor. Malet med oppgaven
er 4 avdekke om variasjonen i vann-
mengde har konsekvenser for kva-
liteten til ferdig herdet tegimurverk.

Hvorfor vdt eller torr mortel?
Muring med lite tilsatt vann gir en
stiv mertel som er enklere & mure
uten sel, og som dermed reduse-
rer behovet for rengjering av den
ferdige fasaden. En stiv mertel er
ogsé enklere & mure neyaktig i den
forstand at det er vanskelig & trykke
mursteinene for langt ned.

Muring med vat mertel er fysisk
lettere for mureren siden den er
lettere 4 hente fra beholderen, let-
tere 4 legge ut og lettere & presse

mursteinen ned i. Slik muliggjer vét
mertel raskere fremdrift. Vat mer-
tel klistrer seg lettere til teglsteinen
og kan gi mer sel p& murverket. |
tillegg kan for rask oppmuring gje-
re at vekten gir sammentrykking av
nedre skift i murverket fer mertelen
har satt seg.

Preveprogram
Vi ensket & studere effekten pa det
i dag mest typiske norske murver-
ket. Derfor valgte vi teglstein Wie-
nerberger Haga ru red (minuttsug
1,2 kg/(m2+min)) murt med We-
ber M5. Kvaliteten til herdet tegl-
murverk (28 degn) er kontrollert
ved preving av bayestrekkfasthet,
initialskjeerfasthet, trykkfasthet og
regntetthet, og preving er utfert i
tilknytning til SFI Klima 2050.
Som et forarbeid til master-
oppgaven, ble syv byggeplas-
ser med utvendig teglmuring i
Midt-Norge besgkt hesten 2016.
Méling av mertelkonsistens viste
store variasjoner, og denne varia-
sjonen ble tatt som utgangspunkt
for preveprogrammet gjennomfert
i masteroppgaven. Prevestykker ble
her murt med vanntilsetning som

gav konsistens malt med rystebord
etter NS-EN 1015-3 pd 150mm
(terr/stiv), 170mm (middels) og
190mm (vét).

Stor effekt pa boyestrekk-

og skjeerfasthet

Previngen viser at mertelens vann-
tilsetning har stor effekt p& heften
mellom mertel og stein og dermed
pa sentrale fasthetsegenskaper.
Boyestrekkfastheten er malt 1,6
ganger hoyere for vat mertel enn
for terr/stiv, mens skjeerfastheten er
hele 7 ganger hoyere for den vdte
mertelen. Pkningen er linezer med
gkende vanntilsetning.

Liten effekt pa trykkfasthet

Alle mertelblandinger (stiv, middels,
vat) gav jevnt hey trykkfasthet for
murverket. Heyere vanntilsetning i
murmertelen gir markert svakere
fasthet for selve murmertelen, men
bedre heft til teglet gjor at trykk-
fastheten til murverket ikke varierer
innenfor den konsistensvariasjonen
vi har sett pa.

Stor effekt pd regntetthet
Teglmurte forblendinger er robuste

BYGGEINDUSTRIEN NR.8-2017

vegger, men helt regntette er de
ikke. Fra fer vet vi at noe vann vil
komme inn gjennom selve tegl-
steinene, litt mer gjennom mertel-
fugene, men mest via heftsonene
tegl/mertel. Proving i SINTEF sitt
slagregnskap viser klar sammen-
heng mellom maertelkonsistensen
murverket er murt med og regn-
tettheten. Previngen viser 10 gan-
ger sterre vanngjennomtrenging
for prevefeltet murt med den ter-
re/stive mertelen enn den for den
véte.

Anbefaling
Var preving viser en klar sammen-
heng mellom mertelens vanntil-
setning og kvaliteten til det ferdi-
ge teglmurverket. Bruk av vat mur-
maertel gir best heft til teglstein og
dermed best beyestrekkfasthet,
initialskjeerfasthet og regntetthet.
Variasjonen i vannmengde
brukt p& norske byggeplasser er
stor og betydelig med tanke pé
kvaliteten til herdet teglmurverk. Vi
anbefaler en tydeligere angivelse
av vanntilsetningen til terrmertelen
for & sikre en jevnt god murkvalitet.
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INGRESS: Ulike impregneringsmidler benyttes for 8 bedre regnmotstandsevnen til teglmurverk, men
effekten er sarbar med tanke pa riss og andre svakheter i murverket. Forsgk utfgrt i SINTEF sitt
slagregnskap viser at ingen av de undersgkte impregneringene fungerte godt selv for rissfritt
murverk.

Innlegget oppsummerer hovedresultater fra impregneringsdelen av masteroppgaven til Fredrik Slapg.
Impregneringsforsgkene er utfgrt etter initiativ fra Noralf Bakken.

Innlegget er skrevet av Fredrik Slapg, Tore Kvande og Noralf Bakken i samarbeid pd initiativ fra
Fredrik Slapg.
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Bortkastet impregnering mot slagregn

"

Slagregnprgving av teglfelt fgr og etter impregnering viser liten effekt avimpregneringen pa

regnmotstandsevnen. Foto: Geir Mogen.

Ulike impregneringsmidler benyttes for 3 bedre regnmotstandsevnen til teglmurverk, men effekten
er sarbar med tanke pa riss og andre svakheter i murverket. Forsgk utfgrt i SINTEF sitt slagregnskap
viser at ingen av de undersgkte impregneringene fungerte godt selv for rissfritt murverk.

Fredrik Slapg og Tore Kvande
Institutt for bygg- og miljgteknikk

Noralf Bakken
SINTEF Byggforsk

Teglmurte forblendinger er robuste vegger, men helt regntette er de ikke. Nar det regner pa en
teglfasade vil mesteparten av vannet renne nedover veggen, mens noe vil bli sugd opp av murverket.
Avhengig av sugeegenskapene til teglet og den handverksmessige utfgrelsen, vil noe vann komme
inn gjennom selve teglsteinene, litt mer gjennom mgrtelfugene og mest via heftsonene tegl/mgrtel.
For murverk utfgrt etter Byggforskseriens anvisninger er dette fuktopptaket uproblematisk for
veggen.
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Impregneringsbehov

Riktig utfgrt murverk har i utgangspunktet ikke behov for impregnering for a redusere det kapilleere
vannopptaket. | spesielle tilfeller kan det forekomme behov for impregnering for de mest sugende
tegltypene, spesielt for fasader som er utsatt for slagregn. I slike tilfeller bruker man fargelgse
impregneringer med hydrofoberende (vannavstgtende) effekt. Var erfaring er at ogsa murverk av
normalsugende teglstein utsettes for impregnering. Impregneringsproduktene pa det norske
markedet omfatter silikonater, silaner, siloksaner og vannbaserte nanostrukturerte lgsninger.

Slagregnpreving

Slagregnprgving av 1m x 1m store murte teglfelt er giennomfert fgrst uten, deretter med
impregnering. Terketid mellom f@rste regnprgving og impregnering var elleve uker. | alt er fire ulike
teglfelt og fire ulike impregneringsprodukter undersgkt. Teglfeltene er murt med teglstein
Wienerberger Haga ru rgd (minuttsug 1,0 kg/(m?2-min)) og murmertel Weber M5 i tre ulike
konsistenser (tgrr, middels og vat). Prgving er utfgrt i tilknytning til SFI Klima 2050. Tabell 1 viser
forskjellene mellom prgvefeltene og resultater fra slagregnprgvingen.

Utfordrende heftsone mgrtel/teglstein

Under oppmuring av teglmurverk vil teglsteinen suge mgrtelvann ut av den ferske mgrtelen.
Mursteinens evne til 3 oppta vann er derfor en viktig parameter siden grunnlaget for heftfastheten i
det herdede murverket etableres i Igpet av de fgrste minuttenes kontakt mellom stein og fersk
mertel. Figur 1 viser mikroskopifoto av heftsone i teglfelt C. Vi ser her konsentrasjon av store
luftporer i heftsonen mellom teglstein og murmegrtel. Den grove porestrukturen viser seg a vaere
utfordrende for impregneringsmidlenes evne til & gjgre murverket vannavvisende.

Anbefalinger

Var prgving viser at vi skal veere skeptiske til impregneringenes effekt til a stanse regninntrenging i
teglmurverk. Impregneringen vil bremse fuktopptaket for korte regnbyger, men den beskytter ikke
mot langvarig slagregn. Det ble ogsa observert skjemmende rustbrune utfellinger pa feltene med
flere av impregneringsmidlene. Vi gnsker a gjennomfgre supplerende forsgk for a se effekten av
mindre t@ffe regnhendelser enn den vi har studert.

Tabell 1. Murmgrtelkonsistens ved oppmuring, type impregneringsmiddel og regnmotstandsevne uttrykt ved
fuktgjennomtrengning.

Prgve- Male- Teglfelt
Egenskap
standard enhet | ATgrr | BMiddels | CVat | D!Vat
Fersk mgrtelkonsistens (rystebord) | NS-EN 1015-3 mm 135 174 186 186
Impregneringsmiddel - - Silikon Silan Siloksan Nano

Andel av baksiden som fremdeles

1 in.
er torr etter 15 min. med slagregn NBI 29/1983 % torr

- Uimpregnerte felt 90 90 95 80

- Impregnerte felt 90 90 100 95
Regngjennomtrengning:

- Uimpregnerte felt NBI 29/1983 I/(h-m?2) 1,14 0,97 0,14 0,67

- Impregnerte felt 1,13 1,38 0,06 0,50

1) Felt D er murt ved a skyve stussfugen i motsetning til de gvrige feltene som er murt ved & sla stuss (3
legge mgrtel pa enden av steinen fgr muring).
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Figur 1. Tynnslipanalyse av heftsone mellom teglstein (nedre mgrke del) og murmgrtel. Gule felt markerer
luftporer. Analyse og foto: Marit Haugen, SINTEF Byggforsk.



