AIATIEPATOTHTA
PERMEABILITY

LXEAIAXMOZX KAl ANAMNTY=H

DESIGN AND DEVELOPMENT

LYXKEYHZ MPOZAIOPIZMOY OF A LOW PERMEABILITY
THX AIANEPATOTHTAZ MEASURING SYSTEM
AOMIKQN YAIKQN FOR CONSTRUCTION

XAMHAOQY NOPOQAOYZL MATERIALS

To epeuvntikd €pyo Permeability agopd tnv avantugn evég véou texvoAoyikoU npoidviog yla Tov npoodloptopd tng dtanepatdtntag o Sopika
UAIKG xapnAoU nopdoug (oxetikd adlanépatwy SopIKwV UAIKWY). H Slanepatdtnta Bewpeital pla onpaviikn napapetpog yia tnv npdPAeyn tng
avBekTIKOTNTAG Tou oKUpodEpatog, Tou onolou n d1dBpwon kabwg kat n evavBpdkwaon opeilovtal oe peydAo Babud atov tpdmo pe tov onoio to vepd
Slaxéetal otn pikpodopn tou UAKoU. H dianepatdtnta gival pia tdidtnta, n onoia dUokoAa pnopei va petpnBei pe akpifeta oto epyaothplo. Qg ek todtou,
ouvNBwg N oUYKPLON TWV OXETIKWV TPV Yivetal ota enineda tagng peyéboug n.x. 10™.

H kalvotopia tou épyou éykeltal oto yeyovog nwg kapia tunonoinpévn péBodog pétpnong tng dlanepatdtntag dev undpxel onpepa. Eniong, ta
anoteAéopata and TG NPOoPATeG PEVVNTIKEG HpaotnpldTNTEG OTOV ToPéa avd to naykéoplo, xapaktnpidovrat and peydAn avopolopoppia Kat
xapnAn enavaAnyipétnta. H péBodog nou avantixBnke &ivel tn duvatdinta elpeong tng dianepatdtntag o€ OXETIKA PIKPO xpovikd didotnpa.
H enavaAnyipétnta twv petpiocwy eivat apketd BeAtiwpévn oe oxéon e dAAEG peBddoug nou éxouv SlepeuvnBel katd katpoug.

To epeuvntiké £€pyo pe aplBpd npwtok6AAou MPOTON/0609/112 cuyxpnpatodoteital and to Eupwnaiké Tapeio Mepipepelakng Avantuéng kal to
‘16pupa MpowBnong Epguvag tng Kunpou.

The research project Permeability deals with the development of a new technological device for the determination of the permeability of low
porosity (relatively impermeable) building materials, such as concrete, mortar, masonry blocks, etc. Permeability is considered an important
parameter for the assessment of the durability of concrete, the deterioration of which is primarily due to the way water is diffused in the
microstructure of the material. Permeability is a property that is difficult to measure accurately in the laboratory. As a result the comparison of the
relative values is usually done in the range 10™.

The project innovation lies in the fact that no standardised measuring method exists today. Also, the results of recent research activities around
the world are characterised by high heterogeneity and low reproducibility. The method developed enables the determination of permeability
in a relatively short time. The repeatability of the measurements is quite improved compared to other methods that have been investigated.

The research project with protocol number PROION/0609/112 is co-financed by the European Regional Development Fund and the Research
Promotion Foundation of Cyprus.

www.cnetechnology.com cﬁ:
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Mpoobdloplopdg dianepatod-
NTag SOHIKWV UALKWV
xapnAou nopwdoug

Determination of the
permeability of low
porosity building materials

H texvoAoyia n onola avantixBnke npoodidel
véa 6tdotaon otn diepelvnon tng Stanepatd-
tag Sopkwv UAIKWY. H dlanepatdtnta
oxetiletal Gueoa pe T S1aBpwaon SOHIKOV
UAIKQV Kat 18laitepa tou onAtopiévou
okupobépatog. H péxpl twpa dlepedvnon twv
OXETIKWV PINXAVIOPQV eoTiddetal o€ enpavelaka
pavépeva Adyw EAAELYNG IKavou epyactnplakoy
e€onAlopou nou va &ivel tnv duvatdtnta
Sieiobuong diaBpwtikv dlaAupdtwy oto Babog
Sokipiwv o€ oxetikd pikpd xpovikd Stdotnpa.
Aglonolwvtag To VEo KavotdHo TeEXVOAOYIKO
npoiév nou avantuxbnke, eivat duvatn n diepev-
vnon Sleiobuong xAwpLévtwy, BelKwV 1OVTwv
Kal AAAwv XnpIkwv o€ BaBog péxpt kat 15-20 cm.

0 npoobloplopég g Sranepatdtntag

TETOIWV UAIKWV €lval €K Twv npaypatwy noAu
SuokoAog. H nelpapatikn didtagn emAvel to
npdéPAnpa kabiotwvrag duvath tnv evpeon
g Slanepatdtntag Kat th oUOXETION TNG HE
TG SlaPOPETIKEG TEXVOAOYIEG NAPATKEUNG
OUHPBATIKWV OKUPOSEPATWY Kal okupodepdtwy
uynAng anédoong.

To véo kawvotdpo texvoAoyikd npoidv pnopet
va xpnotgonotnBei otn diepelvnon dAAwv
UAIKQV dnwg enixpiopata Kat kovidpata

nou epappodovtal o€ SOUIKES EMLPAVELES
(okupdbepa, toxonolia) pe okond tnv av§non
g udatanwbnukdTnNTag kat T npootacia Twv
€MLPavelV and tg e§wteplkég nePIBAAAOVIIKESG
OUVONKEG.

The set-up developed gives a new dimension

to the investigation of the permeability of
building materials. Permeability is directly
related to the weathering of construction
materials, including reinforced concrete.
To-date the investigation of building material
decay focuses on the mechanisms involved

in surface phenomena due to the lack of
laboratory equipment enabling the in-depth
penetration of corrosive solutions in a relatively
short time. Utilising the new innovative product
developed, it becomes possible to investigate
the penetration of chlorides, sulphates and
other chemicals to a depth of 15-20 cm.

The determination of the permeability

of such materials is in fact very difficult.

The experimental device solves the problem,
by making it possible to determine the
permeability and to correlate it to the different
manufacturing technologies employed in
conventional as well as in high performance
concrete.

The new innovative technological product can
be used to investigate other materials such
as mortars and coatings applied to structural
surfaces (concrete, masonry) to increase
moisture resistance and the protection

of surfaces under external conditions.

Avantu&n nelpapatikng cuoKeung

HE 3 TpLagovikég KUPEAEG

Development of an experimental apparatus

with 3 triaxial cells

la toug okonoUg tou é€pyou oxedldotnkav

KAl KATAoKEUAoTNKay 3 tplafovikég KUWEAES
nou pnopouv va Agttoupyouyv gite ave§aptnta
efte napdAAnAa otig Sokipég. Auo and autég
embéxovral nupnveg dtapétpou 150 mm Kat
pia nupnva dtapétpou 100 mm. To pAkog

Tou BaAdpou (kat Kkat' enéKtaon To PAKOG Tou
Sokipiou) pnopei va petapdAAetar and 50 mm
péxpt 150 mm. To olotnpa apaipeong tou
Sefypatog otnv kUWEAN twv 100 mm yivetat
pe koxAia kat daktuAidia ouykpdtnong, v
yia tnv KUPEAN twv 150 mm, yia Adyoug
epyovopiag aAAd kat Bapoug, éxouv oxedlaotel
e16ikol Bpaxioveg SINANG ouykpdTnong Twv
PAavtdwv yla eUKOAN Kat opaAn eloaywyn-
apaipeon tou Sefypatog Péow NEPLOTPOPNG.

H kdBe pia and g TpeiG tplagovikég KUWEAES
Tpopodoteital Pe uypd YNANG nieong and avtAieg
UYPNAG Xpwpatoypagiag.

Katd tn 81dpkeia twv SOKIHWY, 0L CUOKEUEG
undkewvtal o YnAEG USPOOTATIKES NIETELG

ol onofeg katanovouv ta Tolxwyata Kat ta
eCapthpata twv ouokeuwv. O nivakag Seixvel
TG avantuoodpeveg NIEEL Kat SUVAELG ota
ToXWHaTa Twv KUPeAwv 100 mm kat 150 mm.

To oUotnpa NEPIPETPIKNG OUYKpATNong/
oppayiopatog to onoio dtao@aAilel tn
povodidotatn pon péoa and to Seiypa,
tpopodoteital and udpauAlkolG CUCOWPEUTES
adwtou ol onofol ENITPENOUV TN CUYKPATNON TOU
Sefypatog yia ektetapévo xpdvo kat neptopiouvv
v naApikénta g enParrdpevng nieong.
AwoBnthpeg nieang Beppokpaciag kal pong
Kataypdpouv ta dedopéva kat ENKOVWVOUV

HE TOV NAEKTPOVIKS EAEYKTN 0 0Moiog €XeL Tn
Sduvatdtnta va napouctddel ta anoteAéopata
o€ npaypatikd xpdvo.

Méogig kar Suvaperg KugéAn: 100 mm KupéAn: 150 mm
Pressures and Forces Cell: 100 mm Cell: 150 mm

Méyiotn udpootatikn nieon dokipiou
Hydrostatic specimen pressure

MNepiBdAAouca nieon
Perimetric seal pressure

A&ovikég duvdpelg dokipiou
Axial specimen pressure

Agovikég duvapelg nepiBdAAouoag nieong
Axial forces due to containing pressure

OAnA agovikn dUvapn
Total axial force

Agovikn tdon e§wtepikol KUAivopou
Axial stress in outer cylinder

nivakag / table

150mm

von Mises (N/mm"2 (MPa))

6435
5899
5363

L4827

L4200
3754
218
2681
2145
1609
1073
536
00

100mm

von Mises (N/mm"2 (MPa))

172

l|a7.s
Lo
879
_782
684
s86
489
391
293
195
98
00

12 MPa 12 MPa
48 MPa 48 MPa
94.2 kN 212 kN
142.5 kN 600 kN
236.7 kN 812 kN
36 N/mm? 54 N/mm?




For the purpose of the project three triaxial
cells which can operate either independently
or in parallel were designed and manufactured.
Two of these accept specimens 150 mm in
diameter, while the other accepts specimens
100 mm in diameter. The length of the test
chamber (and thus the length of the specimen)
can vary from 50 mm to 150 mm. The sample
positioning system, for the 100 mm cell
utilises a threaded flange and retaining rings;
for the 150 mm cell, a rotating arm retaining
the flanges from both sides was designed for
reasons of ergonomics and large component
weights. Each of the three triaxial cells is fed
with high pressure from liquid chromatography
pumps.

During the tests, the devices are subject

to high hydrostatic pressures which produce
stresses and strains in the walls and parts

of the system. The table shows the pressures
and forces developed in the devices of 150
and 100 mm diameter.

The circumferential restraining/sealing

system which ensures uni-dimensional fluid
flow through the sample is fed from nitrogen
hydraulic accumulators, which allow the
containment of the sample for an extended
period of time and limit pressure variations.
Pressure, temperature and flow sensors, record
the data and communicate with the electronic
controller, which has the ability to present
results in real time.

MNewpapatikad anoteAéopata

Experimental results

Yta nAaiola tou gpeuvntikol £pyou eAEyxBn-
Kav S1apopeg oelpég KopeaPEvwY SElYHATwWY
OKUPOOEPATWY Kal TOLPEVTOKOVIAUATWY PE
S1dpetpo 100 mm & 150 mm kat PAKog
50-100 mm, Ta onoia NapackeudotnKav

0T0 €pyactiplo Aopik®Vv YAIKQV tou Mavent-
otnpiou Kdnpou. MNa tov npoadloplopd tng
Sianepatdtntag xpnotponobnkav deiypata
HE SLaPOPETIKEG XPOVIKEG NEPLOSOUG wpipavong
(6nAadn 28, 56 kat 90 npépeg). O unoAoylopog
g Slanepatdtntag yla to kaBe delypa éyive,
apou petpnBnke n nieon pong (fluid pressure)
yla idpopeg taxutnteg pong (flow rates).

O1 petpnoelg xpnatgononBnkav yia tn dnpi-
oupyia ypa®ikig napdotaong (BA. tunikd
Sidypappa 1 yia peiypa okupodépatog C6
wpipavong 28 npepwv), n kAion g onoiag
GrA e1odyetal otnv e€iowon tou Darcy yia

Tov unoAoytopd tng dianepatétntag K.

Yto diaypappa 2 napatnpeital 6t emkpatel
tdon peiwong Tng dlanepatdtntag pe Tnv
népodo tou xpdvou. Autd opeidetal otnv
€vubATwon Tou oKUpod£pATog Kat ato
KAglowo twv népwv tou, apou, clppwva

pe tn d1ebvn BiAloypapia, n Sianepatdtnta
ouoxeti¢etal oe peydlo Babpud pe ta kevd
(n6épot) nou dnploupyolvtal petady twv
adpavwv oto okupbdepa. To Sidypappa apopd
3 defypata okupodépatog (C1, C3, C5), kat
€vd¢ tolpevtokovidpatog (CM3) oe Xpovikég
neptédoug wpipavong 28, 56 kat 90 npep®V.

Within the framework of the research project,
various series of saturated concrete and
mortar samples were tested with diameters
of 100 & 150 mm and length 50-100 mm.
The samples were prepared in the laboratory
of Building Materials of the University
of Cyprus. For the determination of the
permeability, measurements were taken for
different sample curing periods (28, 56 and
90 days). The permeability of each sample
was calculated, by measuring the fluid pressure
at different flow rates. The measurements were
used to generate a graph (see Figure 1 for
a typical concrete mix C6 cured for 28 days),
the slope of which GrA is inserted into the
Darcy equation for the calculation of the
permeability K.
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From Figure 2 it can be observed that there
is a decrease in the permeability over time.
This is due to hydration and the closing

of pores. According to the literature, the
permeability depends to a large extent

on the voids (pores) formed between the
aggregates in the concrete. The chart is
based on 3 samples of concrete (C1, C3, C5),
and a mortar sample (CM3) at curing periods
of 28, 56 and 90 days.
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Siaypappa 1/ figure 1

4,95E-07

4,40E-07 4 M28d
3,85-07 | M56d
3,30E-07 | MW90d
2,75E-07 -
2,20E-07 -

1,65E-07

Awangpatétnta (mm/min)

1,10E-07

5,50E-08 -

0,00E+00 -
a 3 (&)

CM3 Si1dypappa 2 / figure 2
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To texvoAoyikd kévipo CNE Technology Ltd 15pUBnke

10 2000, Kat éxtote éxel kablepwBel wg éva eBVIKG

KEVTPO aploTeiag 0TOUG TOHE(G TNG EQAPHOCHEVNG EPEUVAG
Kal TWV EPYAcTNPLOKWV UNNPEDLAY, TNG NPopnBelag Kat
eykatdotaong epyactnplakol onAlopoU Kat tng Napoxng
TEXVIKWV unnpeot®v. Ta epyaotipla tou CNE (181éktnteg
eykataotdoelg 2000m?) Asitoupyoulv pe auotnpé olotnpa
notétntag Kat eivat and ta povadikd otnv Kunpo pe
Slanioteuon katd ISO/IEC 17025. H péxpt onpepa enévbuon
og oUyxpovo epyaotnplakd e§onAlopd Eenepvd ta €2¢k (>300
Opyava & ouokeu£g). H ouvexng kat otevi enapn tou CNE
pe tn Bropnxavia kal To yeyovdg 6Tt katavoel nAnpwg ta
nPoBANpATA TV ETAIPEIDY, MPOXWPWVTAG OTNV NfAucn TOug
péow TG €peuvag & avantugng NPwWIonoplakwy NpoiévIwy
Kkat S1adikaclwy, to kabiotd éva and Toug onpavikGTePOUg
Epeuvntikolg Popeig tng xwpag, agou to Méow tou
Tpnpatog Epappoopévng Epeuvag CUPHETEXEL OE NEPAV TWV
28 EBvik®V Epywv nou éxouv uAonotnBei i uAonotolvtat
EninAéov to CNE ouppetéxel evepyd kat og 3 Eupwndikda épya
(kupiwg yia MMEs) wg ouvtoviothg kat Bactkdg epeuvntikdg
popéag. To npoownikd anoteAeital ané dropa pe uPnAd
npooévta kat egnelpieg pe €161KdTNTEG oTN PnxavoAoyia,
oXxedlaop6 Kal KATaoKeUn NPWTOTUNWY CUCTNHATWY Kal

Sladikaoiwy, nAektpovikd, acUppata diktua, UAikd, diktua
aleBntnpwy, avayvwplong elkévag K.AmM.

Established in 2000 in Cyprus, CNE has become a
National Center of Excellence in the fields of Testing,
Metrology and Research. Its state of the art Laboratories
are fully equipped to perform a wide range of testing,
product certification and calibration services under a
strict quality system, accredited under ISO/IEC 17025
and certified under ISO 9001. The strong academic
background of the founders and personnel helped the
R&D department to grow rapidly with participation in
more than 28 national projects that involve industrial
and applied research, mostly oriented towards the
development of innovative and technologically advanced
prototypes and solutions for its customers. CNE also
participates as the main RTD performer and coordinator
in 3 European FP7 projects. CNE'’s personnel is highly
qualified specializing in fields like mechanical engineering,
electronics/electrical, metallurgy, computational

rheology, polymers processing, economics, etc. and their
contribution, when needed, will ensure the successful
implementation of the project.

Yuvepyalopevog Dopéag 1
Partner 1

www.ucy.ac.cy/BML
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x University of Cyprus
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To Maveniotipto Kinpou anoteAel to peyaidtepo Kat nAéov
avayvwplopévo eknaldeutikd kat epeuvnTikd idpupa Tou
vnotoU. To Tpnpa MoAttkdv Mnxavikov kat Mnxavikav
MNepiBdAAovtog, To onoio ouppeTéxel wg Luvepyaldpevog
Ddopéag oto £pyo, eivat éva and ta téooepa Tuhpata tng
MoAutexvikng IxoAng tou Mavenotnpiou Kdnpou.

Ytdxog tou Tunpatog eival n nolotki ouvepyaoia petagu
akadnpaik®y, Gortntwy, Blopnxaviag, EpEUVNTIKWOV Kat
KOWWPEADV 0pyaviopwv oe NnapadootakoUs TOKEIG Tng
MoAitikAg Mnxavikng (kataokeuég, Sopikd UAkd K.4.),
Kabwg kat oe nepiBaAdovtikd Bépata. To Tpnpa diabétel
NV anapaitntn UAIKOTEXVIKNA Kal GAAN UNooTnpIKTIKA
unodopn yia tnv uAonoinon kat avdntugn epyactnplakig
€peuvag. Luykekplpéva, ta Epyaotipla Andpa kat Aopikov
YAkdov Tou Tpnpatog eivat nAnpwg e§onAtopéva pe
pnxavipata nou ouvadouv pe Tig Eupwnaikég npodlaypapég
kat npétuna. AlaBétouv dAo tov anapaitnto e§onAtopd yia
v npoetolpacia Kat cuvtipnon dokipiwv okupodépatog,
KaBwg eniong kat yla Tov npoodlopLopd Twv QUaLKo-

HNXQVIKWV Xapaktnplotkwv tou. EnnAéoy, Stabétouv
pn kataotpentikd kat avaAutikd (XRF, XRD, SEM, k.An.)
e€onAlopo.

The Building Materials Laboratory (BML) of the
Department of Civil and Environmental Engineering of
the University of Cyprus (UCY) supports the research and
teaching activities of departmental faculty members and
students in the field of building materials. Its activities
cover the whole spectrum of materials, starting from
traditional and extending to modern ones. The Laboratory
is fully equipped to EN standards. Besides being used for
teaching and research, it also serves the local industry by
providing a range of consulting services. The laboratory
has attracted significant research funding over the past
few years both from national, but also from international
funding agencies (as well as from the University of
Cyprus). Moreover, non-funded research activities also
take place in the premises of the BML.

Yuvepyalbpevog Dopéag 2
Partner 2

research.frederick.ac.cy

©

FREDERICK

RESEARCH CENTRE

To Epeuvntikd Kévtpo Frederick (FRC) eival évag and toug
Kopupaioug pn kepdookonikoUg £pEUVNTIKOUG OPYavIoHOUG
otnv Kdnpo. 16puiBnke to 1995, wote va Boel TG PATELS yia
v avdntu§n twv §paoctnploTATwWY ENOTNHOVIKAG épeuvag
Kunpiwv kat §évwv entotnpav. Ek twv kUpiwv otdxwyv tou
FRC eivat:

- N npoaywyn TNG ENOTNHOVIKAG épeuvag Kal n Sie§aywyn
£€pywv Bacikig Kal epappoopévng épeuvag oe S1apopoug
TOpElg

- n dnploupyia ouvepyaotdv Pe AAAa €Bvikd kat Siebvn
€PEUVNTIKA KEVTPA KAl NAVENIOTAYLA YIa TNV EKTEAEDN
TOU EPEUVNTIKOU €PYWV.

To FRC a&lonolef e€e1bikeupévo akadnpdikd/epeuvntiké
npoownikd pe NOAUETA epnelpia otnv uAonoinon ave§dptntng
£peuvag uynAou ennédou. Méow tou FRC éxouv uAononBel
noAAd epeuvnTik@ £pya ta anoteAeoPdTwy Twv onoiwv
£xouv napouctactel oe SlEBv enotnpovika ouvédpla,
éxouv alononBel and etalpeieg, oupPaAAoviag £tol otn
614600n NG yvwong kat otn petapopd g texvoAoyiag. Ma
v uAonoinon twv otdéxwv tou, to FRC diabétel alyxpovn
epyaotnplakn unodopn kat BIBAL0BNKN.

Frederick Research Center (FRC) is a leading research
non-profit organization in Cyprus. It was established

in 1995 in order to create a solid foundation for the
development of scientific research activities of Cypriot
and foreign scientists. Among FRC’s main goals are:

- to promote scientific research and conduct research
of basic and applied nature in various domains

- to establish collaborations with other national
and international research Centers and universities
for the execution of research work.

FRC engages highly qualified academic/research staff
with long experience in implementing independent
and high caliber research. Numerous research projects
have been carried out through FRC and their results
have been presented in international scientific
conferences, or used by companies contributing to
knowledge dissemination and technology transfer.

To facilitate this, FRC has a modern contemporary

lab infrastructure and a Library.

To Epyo ouyxpnpatodoteital and to Eupwnaiké \
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