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The present invention relates to an apparatus and net hod for neasurenent of
perneability or strain in perneable materials. 10 Background of the
I nvention Permeability of a material can be defined as a rate of which a
fluid flows through the material. The neasurenent of the perneability of
materials, for exanple concrete, is of 15 inportance in determning the
suitability of the material for various purposes such as fluid containnent
and structural life. Changes in perneability with stress presents a nethod
of nmeasuring strain in perneable. material Generally, the known nethods of
measur enent of perneability measure a change in 20 pressure of a gas
applied to the mat eAP@IAM’HUSrAWMETMOD'EﬁlRMEASWEMENTOFthe materi al .
This nmethod is known as the pulse test nethod. This nethod t akes a
substantial tine PER}VMEBH%PRSWM N FERMBABEE MATERMMGS al  sanpl es.
For exanple, the contenporary construction industry relies heavily on
| aborat Ory tests carried out on sanples taken during a pour of a |arge
concrete sSIPBdYFisd lvedtione to 25 ascertain the strength of the concrete for
further co ction e carried out. A steady state test nethod is a
anot her, nore desirable, nethod and is enployed in the current

specificati,gn. Further,.the steady state test od is practlcal for the
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Background of the Invention

Permeability of a material can be defined as a rate of which a fluid flows through the

material. The measurement of the permeability of materials, for example concrete, is of
15  importance in determining the suitability of the material for various purposes such as

fluid containment and structural life. Changes m permeability with stress presents a

method of measuring strain in permeable material

Generally, the known methods of measurement of permeability measure a change in

20  pressure of a gas applied to the material and/or depth of liquid penetration in the
material. This method is known as the pulse test method. This method takes a
substantial time to run and may involve the preparation of special samples. For
example, the contemporary construction industry relies heavily on laboratory tests
carried out on samples taken during a pour of a large concrete slab or structure to

25  ascertain the strength of the concrete for further construction to be carried out. A
steady state test method is a another, more desirable, method and is employed in the
current specification. Further, the steady state test method is practical for the
measurement of strain. In situ {esting is a further desired attribute to reduce time taken

and cost.



US Patent No. 4,979, 390 descri bes one nethod and appar QasoffFiting Plagt: i ng
relative perneability of materials. In general terns, BhiNsverbeudOoés the
application of a partial vacuumto a small test area on a piece of concrete
and neasuring the rate of decay of the vacuumto provide an index of
perneability. Alimtation of the nethod and apparatus 5 described is that

it is restricted to a neasurement of relafive permeability and only a
single test surface of relatively small “area. International -Application No
PCT/ AU94/ 00325 (WD 94127130) Tulip Bay discloses a nonitoring apparatus
that can beU&slﬁdeﬁtNaﬂé;Q?@;S%ahmdaeam&:mﬁmé andh appazatasifor sesking fe aitvel O within a

structure or conponent. The n|t0r| n ppar atus descri bed |
subst ant i al PW@gggtthﬁfm%ﬁéﬁlﬁﬂ B gEReEd b ﬁ@ﬂ‘“l‘?? %ppp;l,gcan Eﬁﬁéh

I npedance to _f| Q#Hﬁ re
m nuscul e fr"a‘iﬁ“ﬁ%’s&} aV| P%gngpgetrc?rg% e sur cgéggrgfto\?mdt%?%ém
structure. Qadubd ﬁ)ﬁﬁﬂﬁd@'an%&&%I@@nﬁdaﬁilﬁﬂuaqmut@onwmﬁé@ddaﬁdmrﬁtdm% hi gh
i npedance device to nonitor the vacuumstate of the 15 mi nuscul e flaw

sensi ng savieseribed tsathattlt wcsmctpd@s&wasummﬂéﬂémlatwe rermeahilify end polyia ors  the
change in vacuym c trc} P? %Ye he m nuscul e fl aw sensing cavities and
the constafig SlalXe Y § if there is a change in vacuum
condition in the caV|t|es whi ch can arlse fromthe formation and
propagation of a crack, the change is detected by the transducer. Cracks of

a | ength doyedn@tigi) A?pﬁb&ttbdtﬂd@(ﬁ‘ﬁeﬁi’d’eﬂmwdo 922 7030) Pulip Bondiselosesacuum
source of only 200K bel ow at nospheri¢c reference. The pparat u§ in Tulip

Bay is partnmtanng(ammms %WWMW&W%@IPWC BfF the

t d h i ted -
Bor ot n 1hy WAPUCH sriiiR R cabrial bl TRERD B dpofth st ?ru‘?clﬁéé%r obj ect of
the present g uyeoﬁsQaﬂmamﬁkes&n@ddmh@stedﬁvseﬁwmmahgnmmtaﬁmmd

and apparat us providing a neasurenent of the perneability of a material.
30 It is a ﬂomdmwdhquaansmmmtdéwathmammremm@deﬁwsamam@eSf or

measuring strain in meahl e terlal of .change.in errreablllty
Wi th applle@fgteaég’slh %&f OF Wit £& 5'%6(93“5&)

connected across the high xmpedance dewce to monitor the vacuum state of the

15  minuscule flaw sensing cavity or cavities. A pressure differential transducer monitors
the change in vacuum condition between the minuscule flaw sensing cavities and the
constant vacuum source. Accordingly, if there is a change in vacuum condition in the
cavities which can arise from the formation and propagation of a crack, the change is
detected by the transducer. Cracks of a length down to 250 micron have been detected

20  using a constant vacuum source of only 200KpA below atmospheric reference.

The apparatus in Tulip Bay is particularly well suited to incorporation in embodiments
of the present invention. Accordingly the contents of Tulip Bay are incorporated herein
by way of reference.

25
Summary of the Invention

It is an object of the present invention to provide a simple, low cost in situation, method
and apparatus for providing a measurement of the permeability of a material.
30 Itis a further object to provide a means of method and apparatus for measuring strain in

permeable material by means of change in permeability with applied stress.



According to the present invention there is provided a '?%ts.él,-4'0r a
measure of the perneability of a material including at39d8 Mocecy .
substantially constant fluid pressure source; at |least one fluid inpervious
menber for juxtaposition and sealing with the 5 material in a manner to
define, between said menber and said material a corresponding fluid flow
cavity; a high fluid flow i npedance neans-pfoviding high inpedance fluid
comuni cati on between said pressure source and said fluid flow cavity;

seal i ng neans ; ' +Qf surface of the material surrounding
the 10 f1ui drasaRE R et R8T el LA TreSFof et ween
said fluid flwnegiﬁmyt@faaﬁuje@alﬁﬁmi n@qusgq surface of the mat er i al ; . and,
means for measuring steady state differential pressure across said high

fluid flow inpedahtidsiantilly costpridliidipressuresmucee of the perneability of said
material. 15 Pref er?b salid, at | east on f%ui‘d i mper vi ous menber includes a
planar article ford ?‘?F%l(?,‘@ { RREr YR HTGRPET foRjuxtipogifien apd geabiag withtthe east one

fluidi rvi i ' . | £ ' insa _ blind hole forned
[n'the maceri S oind aarh B MR bRl SR SR ThIR B g Rl Lhgreadithe 2o
hol e from t heflddfloacaving;, the material and having a down-hole end spaced
above a bottomof the hole, the sleeve form ng a seal against an interior
surface of said porhigbfuidfiow h@pqdéwgu?_e@rs gfd‘%dl?g)hﬁgh l?ﬂpgd?gagsﬁiofje nd of the
corresponding fluid flow cavity.is define e n -

sl eeve and t RS ntc‘i't"l%%%%ﬁ'f?&“ﬁ%ﬁé’@%‘?;(‘g?%?ré‘oqa\fﬂff it Odggé(itarhusgfurt{lg y
includes a fluid igpaiheds & @EknLh & 5@1%. 6k b 1

the hole and of a Iengg;&h | ess th'ar%goe? r%nm nder %{?ﬁ?ﬁg&aﬁeng% g"fn {n% eho! e
bet ween $&i d f&mdmmrv:eu&mdmlbér tohiefiad e@u&ihlaqﬂnhdjmstr_bgmh Qfewfb%ap gzhg lﬂgiedvg@wg gl d

bl ank deposited in, said hole prior to the insertion of sai :

anp\ , keep{o\ re‘iaV%éWﬁ:a %elur}seqied SUstASH abthe spptenialaaed.0 ai s - SMB - SG doc Date

of FilingPFl4 30 Noye W%ea%@r@ndg s‘%eady state differential pressure across said high fluid flow

impedance means to provide a measure of the permeability of said material.

15  Preferably said at least one fluid impervious member includes a planar article for

placement on said material.

Preferably said at least one fluid impervious member includes a sleeve disposed in a
blind hole formed in the material, the sleeve extending for a portion of the length of the

20  hole from the surface of the material and having a down-hole end spaced above a
bottom of the hole, the sleeve forming a seal against an interior surface of said portion
of the length of the hole, wherein said corresponding fluid flow cavity is defined

between the down-hole end of the slecve and the bottom of the hole.

25  Preferably said apparatus further includes a fluid impervious blank of a diameter less
than the diameter of the hole and of a length less than a remainder of the length of the
hole between said down-hole end of the sieeve and the bottom of the hole, said blank

deposited in said hole prior to the insertion of said sleeve.

30
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According to the present invention there is provided arDagganagpes4f:or
providing a neasure of perneability of a material inclgdiNegender 20past: a
substantially constant fluid pressure source; at |east one first fluid

i npervi ous nenber each for sealed placenent on the 5 material to define,

bet ween each first menber and said material, a corresponding first fluid
flow cavity; first high fluid fl ow i npedante neans providing high inpedance
fluid comunication between said pressure source and said first fluid fl ow

cavities; fir ' ¥ .sealing an.area of a surface of said
material sur r%%cr?zl(?ﬁ%wt%gg%% "ﬁ‘l%;ng E?ﬁetrﬁl Pf%‘i‘i‘*ﬂ%ﬂ?&“ﬁ&ﬁ#%‘%@@%lw&i ne
respective flmegbuteafperhebdlity 60h AkriaDRCMARY Sl first fluid flow cavities
and a free unsealed surface of the material; at |east one second fluid

i npervi ous menber wbpanidlysenstant fhlidpesent sdunce; r espective holes formed in
said material in a irantnergioefgg%i ne, between said second nenbers and a
bottom of said hol%EaSLONESHt HEPGY ods psmbes sagh dorrsepigd plagementon the second
hi gh fluid flQyeNnedamee LoERe Lo dhg i ' nce fl uid.

comuni cati on bgt ween éai’d pr esgﬁpgﬁ%ﬁ%&%@géﬁg9@%%@%@&%’@?%”@‘%fg\%
cavities; sechoddowsakityg means for scaling an area of the surface of the
materi al surrounding the second fluid inpervious nenber to define respective
fluid inpervious firaidiighfuiddiayesrpesancs mesws providing bighliopedaave fligs and sai d
free surface mterial . .20 and means for. peasyr.i steady state

di fferenti al C%Enéés@gcrag% é?F{&e “%%ﬁaf%sr%sﬁmaﬁ?ﬁﬂds%tdgﬁrat #?‘Sﬁﬁ’f‘"{ AV} ow

| npedance means t qirft eMirfPemSanBGShIgn Ol dBEC bjtd B8 terial.
25 According to the present inventi olrg)tnherr eo%gug?g%b%grag%?gﬂégag&'n@P@Bgfor
obt ai ni ng0a seiddst fuidimpéreiope mesdbis th dyfind respevatetliidlimposididiragonf | east
the steps of ci’%ow dé[]ﬂq. a fﬁ{”@ﬁt antially constant fluid pressure source,

coupl i ng sai FEHFESAFIIFY L gV eauities anda freeunsepled sarface o thetmateriali gh f1 ui d
fl ow inpedances t I : | ui . i ties.for on/or .in the
material; 30 for maﬁbe%lg’?gé%@@?“ﬂ i?}l% '_ “.Illr)r‘gs\éﬁlv‘% rs°ae}_ég1r §eag$ff%‘ﬁ_°%r’ﬂfﬁ_b mat eri al
about each f Irespdctiviel lmescfarthddyin ts@id d@fiérn iCOFfaBRRAH dbek, bbiWetn AR SEBL@US

regi ons between each fluid flow
members and a bottom of said holes, a corresponding second fluid flow cavities;

15 second high fluid flow impedance members providing high impedance fluid
communication between said pressure source and said second fluid flow cavities;
second sealing means for scaling an area of the surface of the material
surrounding the second fluid impervious member to define respective fluid impervious
regions between said second fluid flow cavities and said free surface of the material;
20 and
means for measuring steady state differential pressure across said first and
second high fluid flow impedance means to provide a measure of the permeability of

said material.

25 According to the present invention there is also provided a method for obtaining a
measure of the permeability of a material including at least the steps of:
providing a substantially constant fluid pressure source;
coupling said constant fluid pressure source through respective high fluid flow
impedances to one or more fluid flow cavities formed on/or in the material;
30 forming respective fluid impervious seals on/or in the material about each fluid

flow cavity to define corresponding fluid impervious regions between each fluid flow
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Date of Filing PF14 : 30 Novenber 2004 cavity and a fe®osdmdentssof the
material; and, nmonitoring nmeasuring steady state differential pressure
across said hi gh fluid flow inpedances to provide a neasure of perneability
of the material. 5 According to the present invention there is also provided
an apparatus for providing a neasure of sfrain in a perneable material,
said apparatus including at least: a substantially constant fluid pressure

source; first qus menbers for juxtaposition at
caRY aﬁ@ﬁ%’%@ shif: érqe%f 'tljmﬁl%’{ﬁn% d,

different |locatiodns a i8%material in a manner to define,
bet ween sai d n’enbemSnmﬁ:thﬁeaéuxi SRS staRd dlifRRnf 93 dysgcond
fluid flow cayities; first and l(é)éecond hi gh1 mgﬁ%}Pog\I}e{'&r& g%éegfbg% i di ng
hi gh i npedanc O‘VIHBP@ﬂan@%mmV@@tamnabbmt(wmrmemllgotthéenitbrﬁzﬂt and second
cavities and said pressure source; said first cavity coupled in series at a
first node to said first high fluid fl ow i npedance, and said second cavity
coupl ed im seAbd@sdial tAthe $RABH A4 ngiah fluid f1ow 15

i npedance; sealing %Eans%f or seal iﬁ(r)lItl 9}5?%(31%1%%?& %ﬁiﬁ’ S%H%prﬁﬁmg%l
surroundi ng smeasufe ofstraiario a pseseblt rﬁétum&i *aﬁ@ﬂfﬁﬂ‘%n% laP1ea§): define a
fluid inpervious region between said first and second vities and a free
surface of sd&tW ﬁt&f"éaruyeﬂons’[alﬁé]UI%@mmffmurfweasur| ng steady state differenti al
pressure acr i r nd second node 20 to provide a neasure of
strain in salolz‘.§ mesgfgé#d fﬁ}A((i: %ﬁpal’VH)élspben‘Q)em f HB‘ltal’%‘ﬂéﬁ?t Gifferentlosateansrand

i nvention thwwhn@wi@lﬂ@idﬂﬁ@&ﬁlﬁ%:ﬂ% Olo d L& Qb shrain of a
material, said nethod including leeasqt ﬁﬁg%%g%%ﬁ%&ﬁ\;s&ﬁaaé

subst ant {4l | yn@@m@xmespondmg ﬁxsmﬁuemrﬂdhn(ﬂ;ﬂuw%vmeupl ing said constant

fluid pressu rcet h.respective first and second high fluid flow
i npedances: fﬁ? F‘E‘eg%a*ﬂlad@@&dﬁweﬁwmpwwwgh irpslaoce fuidi n sai d

materi al; forgmg, ryhous seals on/or in said materi al
about said first ngc,ﬁa ng%ﬂ(‘)% H hléi% Hﬁp& %‘%?/“fﬂlczgdvtﬂé%cfé‘filsﬁ‘é PESSSYESPUISE ng
fluid inper viseiddirstagiionsouphidiB 8tries at a first node to said first high fluid flow impedance,

and said second cavity coupled in series at a second node to said second high fluid flow

15  impedance;
sealing means for sealing areas of a surface of the material surrounding said first and
second fluid impervious members to define a fluid impervious region between said first
and second cavities and a free surface of said material; and,

means for measuring steady state differential pressure across said first and second nodes

20  to provide a measure of strain in said material.

According to a further aspect of the present invention there is provided a method of
obtaining a measure of strain of a material, said method including at least the steps of:
providing a substantially constant fluid pressure source;
25 coupling said constant iluid pressure source through respective first and second
high fluid flow impedances;
forming first and second fluid flow cavities on or in said material;
forming respective fluid impervious seals on/or in said material about said first
and second fluid flow cavities to define corresponding fluid impervious regions between
30  each of said fluid flow cavities and a free surtace of said material;

coupling said first high fluid flow impedance in series at a first node to said first

Hiumcamp'keepiretype''P17117 - Amended Speci and Claims - SMS - SG.dae



30 each of said fluid flow cavities and a free surface%ﬁ.@ﬂlﬁgﬁﬁﬂerial;

coupling said first high fluid fl ow i npedance in seri es3@Nogenter2004node to
said first N', .a~,npiccep ;rchpe'r pi ?11'7. Amended Speci and Cains -

SMS - SG doe Date of Filing PF14 : 30 Novenber 2004 _o_ cavity; coupling
said second high fluid flow i npedance in series at a second node to said
second cavity; and neasuring steady state-@ressure differential across said
first and second nodes to 5 provide a neasure of strain in said material.
In one enbodiagﬂ&ﬁ sai d high inpedance includes a very long | ength of snal
bore duct which’allows a minuscule flow of fluid. 10 In an alternate
enbodi ment, said_heublingmelarof RIRMITUiE ASwImPEIMBE RrilPhel deBlndiltill 0 35
sintered glass, an orifice or point restriction such as a needle valve being
consi dered f%4d $e6end eayitsicandcabl e due to the minuscule flow required. The
magni tude of the high fluid flow inpedance should be sufficiently high as to
15 produce signifi lggemmgg %tgg({yrsgatﬁ P%%’“a%ﬁl%@?ﬂélﬁie%msg gaid {i5e gad second nodesgonse
to m nuscul e prhlidwathy: i Wi nce. Brief Description of the
Drawi ngs 20 é%bodinenﬁgﬁg?fgﬁgng¥%@%ﬁ?eﬁ%€ention wi Il now be described by
way of exanple only wth reference to the acconpanying draw ngs in which:
Figure 1 is gpsche tic representation of an apparatus in accordance wth
the first pafPRGEMPAdNsAkSaAhighimeedinsa indhidsareesy lbsg kengthhdmatalldore duct
representati . l i Lgn_of. 1 he apparatus of figure 25 1 for
provi di ng sur égia%@ﬁ%%%%?ﬁ?pﬁﬁﬁ%égﬁﬁﬁﬁent in a bulk material; Figure 3 is
a schematic representation of an application of the apparatus of figure 1
for providing matrix to surface perneability neasurenent in a bulk

mat er i al 10Fi Jo@e alignpts ebodinkeat, geideigh mipedaideicompAsesla for@eate Riaterial such

as sintered glass, an orifice or point restriction such as a needle valve being considered

far too impracticable due to the minuscule flow required.
The magnitude of the high fluid flow impedance should be sufficiently high as to
15  produce significant pressure drop acress the high impedance in response to minuscule

flow through the high impedance.

Brief Description of the Drawings

20  Embodiments of the present invention will now be described by way of example only
with reference to the accompanying drawings in which:

Figure 1 is a schematic representation of an apparatus in accordance with the first

part of the present invention;

Figure 2 is a schematic represcntation of an application of the apparatus of figure
25 1 for providing surface permeability measurement in a bulk material;
Figure 3 is a schematic representation of an application of the apparatus of figure

1 for providing matrix 1o surface permeability measurement in a bulk

material;

Figure 3A is an enlargement of portion A of Figure 3;

HimeampikeepiretypeiEP1 7117 - Amended Speci and Claims - SMS - SG.doe
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SG doe Dat e} of Fi}l i ng >F/>IIC:)14 30 Novenber 2004 Figure 4 i S0aloSemt@iBdoscC o
representation of an application of the apparatus of figure 1 for provi di ng
surface to surface perneability measurement in a sanple of material; Figure
is a schematic representation of an application of the apparatus of figure
1 for providing material to matrix permeab¥lity 5 neasurement in a bul k
material. Figure 6 illustrates application of the apparatus of figure 1 for

asur enent of; er i lity of a paint film. Figure 7 is a schematic
;népfesent ati oir:llgg ez‘anpap%g‘%a éﬁ%‘(}t}?’ér@‘g&%cg%gigﬂé’_&a’\}\i‘mﬂlcﬁt"gb‘&ﬁh‘_aapf?%fﬁ%?f fegure he f
present invention 10 Fi gifipeoviding sdfache WREcE petRLGHEPHRLRING] ifa BRRHLO" ©
t he enbodi nent depicted in Figure 7;and, Fi gure I's”a schenmatic
representation of an apdimaeriilpFigofe % heasdhmﬁtlm?ﬁre&ham?ofiﬁ:h Eplgiéaﬁ\oln7%f i\S i
Detail ed Description of,Preferred. Enbo i,rreryts, Referring to Figures 1- ,
enbgiji ment of tﬁe appar bt AEPaRUs ¢iiBKe b feranewdiermateniad to miatrit pesaesbilify t he

resent imvention, for L Hin0: §RR .of the perneability of a _
Prat erial ?2 i ncl udes argﬁ géeg*r???glaﬁy cgilr%et%ﬁr)it fluid pressure source which,

in this 20 enfigdiertent iifluitridshepfianionof i HOARLABE (YACYUT ARNEEH of fhe
pressure source at a sub- atnospheric pressure). The vacuum source I's
coupl ed via duct 11 to Rermeabiilify ofapaoi fikmce vessel 16 whi gg cont ai ns ia_ ]1:! rst
ressure tra r 18 .coupl ed by el ectrical —conductors to an anplifier
gnd di spl ay 9?3\5%? rmni‘% g?&ﬁ&‘“{‘hiepéb"ﬁﬁﬁaaﬂ? 0 fﬁb%ﬂﬂﬁﬁd?@qnéecordwce Withausghend
this specification the dsﬁécﬁbfﬁml:%&etﬁ%riﬁ%}%& source” is intended to denote 25
a source of fluid at any particular absolute pressure. A first fluid

i nper vi o8 ndfipee 8i n t iea Sdrematt représeutation oREpotionst teembdinkch BEAYkdgd  for
pl acenent on a surfacePZG of7 tae material 12 to define, between the disc 24
and the surface 26 a fi'$¥f ¥t d flow cavity 28 (see Figure 2). The dllzc |22
is coupl ed tqg; 30 v -an :,‘h .to the constant. vacuum source \Y;
a high i npe dg?ﬁ%"teistgl Ui d?f?g%vleljngngpe%rctse&%tlon of an appﬁcﬁmn of the embodiment shown

in Figure 7.

15  Detailed Description of Preferred Embodiments

Referring to Figures 1-3A, an ecmbodiment of the apparatus 10, in accordance with the
first part of the present invention, for providing a measure of the permeability of a
material 12 includes a substantially constant fluid pressure source whi ch, in this

20  embodiment is in the form of & constant vacuum source 14 (a pressure source at a sub-
atmospheric pressure). The vacuum scurce 14 is coupled via duct 11 to a fluid
capacitance vessel 16 which contains a first pressure transducer 18 coupled by electrical
conductors 20 to an amplifier and display 22 for monitoring the constant vacuum source
14. Throughout this specification the term “fluid pressure source” is intended to denote

25 asource of fluid at any particular absclute pressure.

A first fluid impervious member in the form of a fluid impervious disc 24 is provided
for placement on a surface 26 of the material 12 to define, between the disc 24 and the
surface 26 a first fluid flow cavity 28 (see Figure 2). The disc 24 is coupled to the

30 vessel 16 and thus to the constant vacuum source 14 via a high impedance fluid flow

means in the form of a length ¢f a small bore duct such as restriction tube 30 (typical

H:uncampikeepietype'FP17117 - Amended Speci and Claims - SMS - 8G.duc



means in the formof a length of a small bore duct suclDasofff@isg PFiat:i on tube
30 (typical lis'|;icanp\keep;retype ;FP17117 - Anmended3&pecndid2qtial N5 -
SM5 - SG do=c Date of Filing PF14 : 30 Novenber 2004 di nmensions being | ess
than 0.30mm bore and length in excess of 3 netres). That is, one end of the
i npedance 30 is coupled to the vessel 16 wth the other end coupled via a
conduit 32 to the disc 24. A second pressute transducer 34 is coupl ed across
the inpedance 30 and coupl ed by conductors 36 to an anplifier and digital

di splay 38. 5j; : LA L Reryi ous menper..i.n the formof a sleeve 40 is
coupl ed via adﬁ?lgﬁﬁgﬁwelééggﬁgdlgﬁgR%Poig(?r a??%\?ﬁﬁhﬁﬁgﬁheﬁ%% H’e?rﬁ%) -ffn‘?%‘%f’ne
restriction tetdefdde wfpeiiiRe38neco idﬂi&ﬁ%@&b‘és@%Tu%ﬁh@@th%f’e&d‘&m}&f%?%& 16 and
t hus the constant vacuum source 14. Pressure transducer 46 1s'e fec%ively
coupl ed acr os@ngdnié 32 tasihg disegédd #nssoudipiossuvelemstiiner 30 isdompled adfdsatid t he
vacuum source. 14.. Additional |y the transducer 46 is coupled by electrical
conduct or s 48m1p8d%ﬂ?eghﬂpgfﬁ’@g‘h‘?‘ydc%’id@‘?tf’ﬁ%%d? é"é?ﬁ‘?ilg@i anlifigital display48. i s

di sposed isn a blind hole 52 formed in the material 12. The sl eeve 40

extends fromthe surface 26 of the material for a portion of the | ength of
the hole 52 sA sddntlilaid aptovibusiababand ot oS RarRedk 40 RELLHEd DRt @ume Of
the hole 52. The sleeve 40 fornms a seal against the interior surface of the
portion of tH& #dhighsbuiddlowymperance iestednins of (estristigmpibs Hdwif theetaneeen sl eeve.
40 and the inj.erj sur.f of, hol e in . Figure 3Ais for clarity of
i|lustrati onn%ﬁle}ﬁ&%shag t%bgégﬁ)a%é}%e Feseel i%@ﬂ%ﬁ‘?%&‘?‘?ﬁ?m VRACHY}SQUACE &y cavity 58
is defined lmtwaRtrdnb@icdPI®; : . f.o I om 56 of
the hole. This 20 cavity i?%?ﬁ%@é@p’ﬂ% b@gc&%%&ﬁﬁ%ﬁp @%ﬁge\ﬁqﬁ %%é’%?}lra%ﬁum
source 140by siesneldf andithewhiwim s@oupl 4 sAdditiomllgthefratsdacr 38 iPécupledas i n t he
sl eeve 40. Th g%r\giti@g 28 and 58 are configured so that the surface area of
the materi al gerductoss A 1g apagipgliepsradigicd disoly@ot h t he vacuum source 14
is substantially the same as the 25 surface area of the hole 52 between
down-hol e end 54 of the sleeve 40 and the bottom 56 of the hole 52,

i ncl usi ve of Thesleved) dfdisgoeediata imdfaeesforhBeihak fiaddia) £5SPRL abaL 4 th the
disc 24 and thus the first fluid flow cavity 28 is a fluid inpervious seal
60. The seal Sstenflyirag the sustace 36 ofithetmsenpa forremiiorodt thh éengitsef tR4haled2e5t ends

radially,g that a down-hole end 54 is spaced from the bottom 56 of the hole 52. The sleeve 40

forms a seal against the interior surface of the portion of the hole 52 for which it extends
(the gap shown between sleeve 40 and the interior surface of hole 52 in Figure 3A is for
clarity of illustration only, the gap does not actually exist). A fluid flow cavity 58 is
defined between the down-hole end 54 of the sleeve and the bottom 56 of the hole. This
20 cavityis placed in fluid communication with the vacuum source 14 by conduit 42 which

couples to an axial bore 59 provided in the sleeve 40.

The cavities 28 and 58 are configured so that the surface area of the material under disc
24 in fluid communication with the vacuum source 14 is substantially the same as the
25 surface area of the hole 52 between down-hole end 54 of the sleeve 40 and the bottom

56 of the hole 52, inclusive of the area of the bottom face of the hole 52.

Associated with the disc 24 and thus the first fluid flow cavity 28 is a fluid impervious
seal 60. The seal 60 forms a scal about the periphery of the disc 24 and extends radially
30 outwardly on the surface 26 of the material 12. The seal 60 thus forms on the surface 26

of the material a fluid impervious area or region 62 between the fluid flow cavity 28 and
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30 outwardly on the surface 26 of the material 12. The #—%@H is forns on
the surface 26 of the material a fluid inpervious area %“0‘.‘%9%2.9%2 bet ween
the fluid flow cavity 28 and 11:\i~canp\kecp' retype\FP17117 - Anmended Speci
and Clains - SM5 - SG doe Date of FilingPF14 : 30 Novenber 2004 -9 the
"free surface" of the material 12. The term"free surface"” refers to any
surface of the nmaterial 12 that is open%-o fluid comunication with the
surroundi ng at nosphere/ environment without third party inpedinent, this can

i ncl ude the 3 ’ lﬁqu L g )7 L0 h erj al i is in
fluid corrrrurt\}?éga el%;éﬁrfgméet r??tt e gtegﬁirf%\tjtg} [ %%Paf?%%gp & éﬁ@%"ﬁ&ﬁ%&ﬁ%@ O?Slff’ch as
depi ct ed i nnfdigtial ¢2 thaads epepltaifiediconmuge/vnariti@t shdolfligy) . A second fluid
i npervious seal in the formof a seal 64 fornse a seal about the peripher

mp p p y

of the sl eentmosphere/eayirenment ¥dthoytithindtperiy impediment, thieaninclddy thesutfive ofur f ace

26 of the 10 terial 12. The,seal, 64 forns.a,fl.uid inperyvioy rea or

regi on 66 bé& e(?‘fcflﬂleb'%q mﬁ%ﬁ?@%‘éi%@@’%@%‘é@?&%ﬁ%@ﬁwab | eeve 40

and the ére - r | d ' 3 . Wth the
8 gﬁw%@ggﬁﬁ/mmhg ik bl mteﬂngmgﬁ% LoBBiaialtin

radial wdth of s and 64 bel ng substanti a sane: t he
appar at us l@rdaterdpipllibelbw)o the material 12 it will be appreciated that after
an 15 initial transient period a constant (steady state) vacuumw || exi st

in the fluid flow cavity 28 beneath disc 24 and the fluid flow cavity 58

beneat h t he,s P ' reat. ressu i fferenti.al, between the
cavities 288 %ggﬁég%@ﬁ%];gﬁor"%ﬁngi‘ﬁgmgﬁﬁ Pg?\ﬁ%’iﬁ"' QOWWOPEQ‘F W@‘%t eri al
12 has soneofigeiskevel) RO hidextalds ridialBbbiRwh@lPEH RS cd I8 ough t he
material 12 from beyond the fluid inpervious areas/regions 62, 66 to the 2-0

“fluid cHyit materp8]2.58he saapét forms|afluid fmpervivonapa odigion 66 Ixteenythe flaide
differentia ressur acrpss the cprrespondi ng hi fluid inmpedance

rlast ricti :)nh{’%tfé‘?%gég aﬁﬂcﬁﬁﬁﬁ%ﬁﬂelsgﬁ‘é@ E@@&S‘hﬁ?‘éﬁ%&%@g h@élﬁgﬁﬂﬂg (mfep ays
38 and 50. {‘g%% s : ALE | bt ' : i

per neabi | i t)i;:. Accordin émgﬁﬁeb g‘gb%ﬁ‘?ﬁ?%@‘i@n@?@ﬁgg ﬂfb&ﬁé‘tﬁiﬂ@gﬁﬁ ¥ he

specific perneability of the material 12. Particularly the apparatus 10 25

can provi deﬁ]i@t her a measure of specific s,urface’ﬁ)errreabi_l ity via disc 28,
of or speci n theapnasatyelis applicd & the matsrialal 24t wil] beappreeinted that after an

15  initial transient period a constant (steady state) vacuum will exist in the fluid flow cavity
28 beneath disc 24 and the fluid flow cavity 58 beneath the sleeve 40. This creates a

pressure differential between the cavities 28, 58 and the surrounding environment.

Assuming that the material 12 has some degree of permeability, air is able to permeate
through the material 12 from beyond the fluid impervious areas/regions 62, 66 to the

20  fluid cavities 28, 58 respectively. This flow produces a steady state differential pressure
across the corresponding high fluid impedance restriction tubes 30, 44 which will be
displayed on corresponding displays 38 and 50. These displays can be directly
calibrated into a scale of permeability. Accordingly the apparatus 10 can provide a
measure of the specific permeability of the material 12. Particularly the apparatus 10

25  can provide either a measure of specific surface permeability via disc 28, of or specific

matrix permeability via sleeve 40, or both.

In order to reduce the time for stabilisation of the vacuum state in the bottom of hole 52

at the initial application of the apparatus 10 when used to provide a measure of matrix
30  permeability, a blank 68 can be provided for insertion into the hole 52 between the

down-hole end 54 of the sleeve 40 and the bottom of 56 of the hole. The blank 68 is of



In order to reduce the time for stabilisation of the vagakisrginaPei4i.n the
bottom of hole 52 at the initial application of the appanatdihedtbowhen used
to provide a neasure of matrix 30 perneability, a blank 68 can be provided
for insertion into the hole 52 between the down-hole end 54 of the sleeve
40 and the bottom of 56 of the hole. The blank 68 is of Date of Filing PFl14
30 Novenber 2004 -10 a dianeter |ess-iban that of the hole 52. The
pur pose of the blank 68 is sinply to reduce the volune of the portion of
t he hol e consgl ' i cay] | t I me
required t OQ@%&&%%&%@?@%{ ot% %élg\ty%"e?é%ﬁ]e prg? Ec’)m% g%g 8?%%&%, L Eoeljrgfg% © of
t he per neabihd Foturfi® a6 the paEin of Shd Kole caletititingnhofluideldw edvity SRohierey € and
meani ngful results with repeatability, it is referable to optimse the
rati o of theeducingdhd tiperequingd taewsuate therhodioonef tBehels priot to thhe  surface areas
of the material within ﬁ&yities % 58. Take for exanple the arrangenent
shown in Fi gm@epcengat o eﬂﬁﬂ?ﬁ¢?ﬁg@#@?§@§m§rea 62 is too small then a fluid
flow path 10 between the cavity 28 and the free surface of the nmaterial 26
will be too short to provide an accurate neasurenent of the perneability of
the materi alln orfieedo predudeltgity wédubatdaid leaningflf feshienkith tapestabiliowvigiat h | engt h
in the material 12 to provide an accurate reading of perneability. It is
known howev @referable tapplamisa thexatia phthgifhidinperapus deaLes ragiony6¥A6 withdbtied from

th i ph f th ity 28 t. I+ S 1-3S k& NS4l t dif,f ' 5
bor moabi |1 ¢ g elms a e el vl fayiden e ol B RE Potiels e Rgyfortn,
ratio betwegRowy MeRiguee IﬂhﬁM@fmﬁe‘wmﬁm@aF@ig&?ﬂﬂu%&ﬁWt wpatgan be

found enpirically for a particular material. 6: Is atypically ratio.
Addi t i ab@l | petwieen the qavity @8 and thetflratsutfine of themateriol 26 will bytobishos empovile and

64 are approximately the sane. 20 In neral, appli.cation, lurality of

di scs 24 an&?ﬁ@“@t%é\?éﬁ”%e%ofﬂ‘cwfmé’ggﬁd&ﬂ& 'ggtﬁﬁ%l Ll%’@f @43’€§nwﬁléloéi’tganged
inline gro [ 'fﬁ’ﬁ" grtbhlh b ' & s :

si mul taneougm;ﬁ@@g@c@aan éreg!tl%% tegftil?sﬁ%%hgle?t{ggsr%@a?\%ggor n%F%aH‘ﬁdﬁ fluid
f1 ow i npedapenenbidity.i It i3 kaownilaseveOhacafier aecitdin distalce opfadivgipgddsge needs to

be conpensated if the use of nultiple cavities alters the sumtotal exposed
area of t hereaghadfrem thxgpegipheryaf the cavity 28 there is insignificant difference in

15  permeability measurement by extending the fluid impervious area 62. The ratio between

the outer diameter of the area 62 and the cavity 28 can be found empirically for a
particular material. 6: 1 is a typically ratio. Additionally, it is preferable that the areas
covered by the seals 60 and 64 are approximately the same.

20  In general application, a plurality of discs 24 and/or sleeves 40 with corresponding seals
60/64 can be arranged in line groups connected to one high fluid flow impedance or as
simultaneous surface and matrix tests connected to two or more high fluid flow
impedance restriction tubes. Of course the scale of impedance needs to be compensated
if the use of multiple cavities alters the sum total exposed area of the cavities 28 and 58

25
The apparatus depicted in Figure 1 is configured to provide a measure of both surface to
surface permeability of the bulk material 12 using the disk 24 as shown in Figure 2 and
surface to matrix permeability of the bulk material 12 using the sleeve 40 depicted in
Figure 3. It is however not essential that the apparatus 10 be configured to

30 simultancously take both surface to surface and surface to matrix permeability

measurements. Either one of the high impedance restriction tubes 30 or 44 can be de-



25 The apparatus depicted in Figure 1 is configured to pié@Mird@s arj@asure of
both surface to surface perneability of the bul k mater gaNoletbds20ng t he di sk
24 as shown in Figure 2 and surface to matrix perneability of the bulk
material 12 using the sleeve 40 depicted in Figure 3. It is however not
essential that the apparatus 10 be confi?ured to 30 sinultaneously take both
surface to surface and surface to matrixiberneability neasurements. Either
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I nternational Application No. PCT/AU94/00325 (Tulip) describes 5 an
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aratus can be increased
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cont i qur ed, 95 ey [l pHEEE %0"’?@% & syEbtpuraff yREAR Y sobiafits i

per meabi | i tmmaaufeeﬁ@mbmﬁldao&awm Beiéﬁ tu@loaveeimﬁﬁtﬁb@«}enﬁ&%@a%s ﬂoW i ck 70.
(I'n this enbodi ment the brick is illustrated as being provided with a

pl ural i%G ometepwriurthes ifdesird;tthe srasipivily io§ therappdratis ean be msreasedrinfinitely bgsar y.
The enbodi nent_i.s aII p bl.e.t. solid brick). In this application,
afluid inﬁ?&?e@?%g“ éax}cﬁ ﬁhﬁ*‘ 8fffl§“r“¥leg%§'l ar sheet 24' that is
sealed to outer peripheral surface 72 of the brick 70 with a perineter
fillet of an adhesive 74. A corresponding 20 cavity (hidden) is defined

bet ween t heFaiieeto (4, immﬂlr&taeappii&eﬁdw,ithgawawum() tdmcbeseonfigmed, a62 of the

brick 70. e cavity beneth heet 24" is in fluid comunication with
the high f{ﬁw 4719&)‘ f fusuriage permegbility, meapgement ofpgymple1, t he

disc 244 s {fPbAfSHral suchasa bnck 70. (In this embodiment the brick is illustrated as being
provided with a plurality of apertures 71, but the provision of apertures is not necessary.

The embodiment is equally applicable io a solid brick). In this application, a fluid
impervious means in the form of a rectangular sheet 24 that is sealed to outer peripheral
surface 72 of the brick 70 with a perimeter fillet of an adhesive 74. A corresponding

20  cavity (hidden) is defined between the sheet 24 and the underlying area of the surface

72 of the brick 70. The cavity beneath the sheet 24° is in fluid communication with the
high fluid impedance 30 via conduit 32°, ie, in terms of Figure 1, the disc 24 is replaced
with the sheet 24°. The entirety of the remainder of the surface 72 of the brick 70
including the surface area of the apertures 71 but excluding a rectangular area 26’ is

25  sealed with a sealing compound. The arca 26’ is spaced a distance from the sheet 24’
and is of the same area as the surface area of the brick 70 beneath the sheet 24° which is
in fluid communication with the vacuum source 14. The operation of the apparatus 10
in the embodiment shown in Figure 4 allows a measure of the permeability of a surface
layer of the brick 70 between sheet 24° and ares 26°.

30
Figure $ illustrates a configuration for making matrix to matrix permeability



with the sheet 24'. The entirety of the renmmi nder of tHRatesfFflingBFi42 of the
brick 70 |nclud|ng the surface area of the apertures 713@levesberd8tng a
rectangul ar area 26' is 25 sealed with a sealing conmpound: The area 26" is
spaced a distance fromthe sheet 24' and is of the sane area as the surface
area of the brick 70 beneath the sheet 24' which is in fluid comrmunication
with the vacuum source 14. The operation2of the apparatus 10 in the
enbodinent shomm in Figure 4 allows a neasure of the perneability of a

surface uggrx]?érﬁﬁl QBW&MW@E&@T@M%@@}%M% %@ i Eea(fn Figure 5
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great er t hahe slhevedGfon ae:hstzluwbmlﬁnnha]hegrﬁ@r t thy BistaAbsbetwedichalens2 ol
extends for_a portjon f the jggth of the hole 78 to the | ower portion 76.
However, t - Julap, thas d%: hip Pastion pf thedsnathie thedhale 78tothe lower

cormuni cat :véb%o%*&?%“ﬁhw%ﬁeﬁ%s & 5t el bt feietl BR s BB 7B B Bt P hot e 76
and the at %ﬁﬁﬁﬁﬁ&m’ﬁhﬁan@le@lﬂ%ﬂfohs{héﬁhﬁéﬁﬁm%ﬁtd)ﬁll&?ﬂﬁxmdi&ﬁh Btﬁaﬁdiie sane as

the surface area of the hole 52 beneath the down-hole end 54 o sl eeve

40. O l@ourbstweenithe surfased@rof the Yostomerintion ofthadbakaifteandrthe atinosplsarerpThe of
mat eri al coul duct ed .us substantially the s |gurat|on
of appar at ﬁwﬁgﬁ%%"gﬁcﬁﬁgﬁ@{ﬂf@(@ {epsgﬁl;gs%tﬁpgsg&ﬁu{%%papégep :g@ i s that
ei ther the &ﬁ@d&%&{mﬁﬁ%gﬁa5§g%egrﬁ§@ml ng conpound woul d seal the whole
surface of the sanple in a simlar manner as described in relation to and

as illustrated in Figure 4. 20 In the above descri bed enbodi nents, the

constant fl ufjd pressure soufce 10 has been
course matrix to matrix permeability measurement of a sample of material could be

15 conducted using substantially the same configuration of apparatus depicted in Figure 5,
the only additional requirement is that either the seal 64 or another seal or sealing
compound would seal the whole surface of the sample in a similar manner as described

in relation to and as illustrated in Figure 4.

20  Inthe above described embodiments, the constant fluid pressure source 10 has been
described as a vacuum source. However the source can be a liquid such as water at a
substantially constant pressure. This allows measurement of water permeability of the
material 12. In such an application, the impedance of restrictive tubes 30 and 44 must
be greatly increased to improve sensitivity to the reduction in the permeating fluid flow

25  rate of water with respect to air. Typically, a length of a nominal 30metres would be

required to measure permeability rates of less than 1 x 10™! metres per second

Measurements made in accordance with the second embodiment depicted in Figure 4
may not directly relate to measurements in accordance with the set-up shown in Figures
30  2and 3 unless empirical determination of the required tests surface and atmospheric

venting surface dimensions at a distance between said surfaces is obtained.
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wat er perneability of the material 12. In such an application, the
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I mprove sensitivity to the reduction in the perneating fluid flow 2!5 rate
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woul d be required to neasure perneability rates of less than 1 x 10-"
nmetres per second Measurenents nade in accordance with the second enbodi nent
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28" is defi bat ' i t he.. ptacl.e~94 by.the
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1, inasimlar way to duct 32, via a corresponding high fluid inpedance
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vessel 16 has been renobved for <clarity. The vessel 16 normally serves, as a
conveni ent contai nnent of ,conponents and snoothes pul sation that may evol ve

from the cohigiemt S ehemalioEPreseniation of agappargias ibiseprkaaca with a Byrthesnnect i ng
duct 11 .0 £l g8diffiett §nd PRt VNS For BSQNER strattBin péfine W naterial.

Referring to Figures 1 and 7, the fluid capacitance vessel 16 has been removed for

clarity. The vessel 16 normally serves as a convenient containment of components and
smoothes pulsation that may evolve from the constant vacuum source 14. It will be
obvious that by connecting duct 11 of Figure 1 to the pressure transducers 18, 34, and
20 46, and the high fluid impedance tubes 30 and 44, the vessel 16 is redundant and
simplifies Figure 7.
The drawing of Figure 7 has been arranged to represent a system 10a which is a fluid
analogy of the familiar wheatstone bridge. In particular, it resembles a strain gauge half
bridge in which two “permeability actuated ” analogous strain gauges R3 and R4 are
25  employed.

Referring to Figures 7, 8 and 9, 2 constant vacuum source 14a is connected via duct 11a
to high fluid impedance tubes 30a and 44a (R1 and R2), thence to two cavities 28a and
28b respectively, formed on a surface 100 of a test substrate 101, The R3 and R4

30  resistor symbols represent resistance to atmospheric air permeation through the material

101 being investigated, into the cavities 28a and 28b. The atmospheric air ingress into



20 46, and the high fluid i npedance tubes 30 and 44, t hat igpPhlg :j 5
redundant and sinplifies Figure 7. The drawi ng of Fi gud@Nevember 2004,
arranged to represent a system 10a which is a fluid analogy of the famliar
wheat stone bridge. In particular, it resenbles a strain gauge half bridge
in which two "perneability actuated " anal ogous strain gauges R3 and R4 are
25 enmpl oyed. Referring to Figures 7, 8 apg.9, a constant vacuum source 1l4a
is connected via duct 11 a to high fluid inpedance tubes 30a and 44a (R

and R2), thence to t caylties, 28a and 28b_ respective] fornmed on_ a
Surf ace’ 100 16§ cayilcs e and a8h. aeaintighe rpstanpeo iy Rmgisriab ) ixepisyentel by

represent r 'a,!]ﬁ nospheric air perneation through the material 101
bei ng inves?ﬁ%a egﬁ?‘ﬁ{?lgg[{she cavities 28a and 28b. The atnospheric air

ingress into Date of Filing PF14 : 30 Novenber 2004 -14 the cavities 28a

and 28b, against the resistance of the test material 101, is represented by
t he white afSimHaHesddrairqgavge installotion thercavitiey28apndi28diredpoad tmelohgationari ti es -
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in a half bridge configuration, one cavity is attached to a surface
under goi ng ©€aY&Ps 289 8hg Inkke manpgsdo giraie pagss in ¢ halhbddgeoconfigurations ense

under goi ng SSsi I I Bg. .l .a further,anal gy a.strain gauge
st arat otV faRedRd s MnRte aBBolod 6nt 3t ) AR isk Bebtiorsf a5
pressurgp t r gnafucainddfdidd dontPryssBRNefkdged by ducts 32a and 42a to the R1/R3
and R2/ R4 junctions respectively. Conductors 20a provide electrical 15

connection to an anplifier and display 38a. In order to achieve bridge

bal ance under no., | oa the high fluid inpedance tub 30a and 44a (Rl and

R2) can be ﬁ%a@#&_tﬁra@s@f@.a g instlaeR i et Greags s ameagiTRdi ng t he

tubes and coplogd ALt ARbNERIANMIARE S40 MBRSURedtbPb P Sucté S LARAIING! Y- ONe
e ed as a series

such adjustable device c pl ac
the R1/R3 and R2/R4 junctions respectively. Conductors 20a provide electrical

15  connection to an amplifier and display 38a. In order to achieve bridge balance under no
load, the high fluid impedance tubes 30a and 44a (R1 and R2) can be made adjustable.
This can be facilitated by spiral winding the tubes and containing between adjustable
pressure plates. Alternatively, one such adjustable device can be placed as a series
connection as appropriate with one of the cavity connections to duct 32a or 42a
20
Figure 8 shows detail of a typical cavity performing a function analogous with a strain g
gauge, for example, representing 28a (R3) of Figure 7.
A portion of concrete 101 has been sectioned to reveal a cavity 28a defined under an
elongate strip of impermeable material 24a sealed peripherally to the concrete 101 by a
25  surface coat of a fluid impermeable seal 120. Similarly, a second elongate strip of
impermeable material 25a defines a cavity 29a and is arranged at a predetermined
parallel distance from 24a/28a. The cavity 29a serves as a weather proof atmospheric
reference being fluidly connected to atmosphere via duct 33a. The cavity 24a is fluidly
communicated via duct 32a to the remainder of the system 10a of Figure 7 and hence is
30  connected to the vacuum source 14a.

With specific reference to Figure 8, a permeable air flow varying in response to a



connection as appropriate with one of the cavity connecbi®©sFiling PEMGt 32a or
42a 20 Figure 8 shows detail of a typical cavity perforBdnNgvenbetzopii on

anal ogous with a strain gauge, for exanple, representing 28a (R3) of Figure
7. A portion of concrete 101 has been sectioned to reveal a cavity 28a
defined under an elongate strip of inperneable material 24a seal ed
peripherally to the concrete 101 by a 25l5sur f ace coat of a fluid

i mpermeabl e seal 120. Simlarly, a second elongate strip of inperneable
material 25avapingRessstindruicd bydBabRIEal&w aE IRRANE] BY tie ﬂﬁﬁé’%&ﬁ%ﬁ% How
parall el distance from 24a/28a. The cavity 29a servés as a weat her proof

~ atnospheri ¢ issbown beivwen dieragmpsphiedt pavityrfecné thet vacaimeayite?8a. \Wicrehorkcks3a.

Th ity 24a,i | ui icated yia duct 32a tqQ the, i nd f th

Systom | Lo Bitng Sustiet btk coS R oer Sud igmich wariaton maPRisdSRSSO T co 140

Wth Tt e ; . .y

esponge t o SroffiedbiSRgel HEH fmfbrnBliE ST & Blchald QUEURENY Rebrbfide. o

i ndi cat ed bywtdtkerlratedtion! & iallg fiohd it rated by the white arrows. The fl ow
tpir gpocialip

i s shown between the atnospheric cavity 29a and the vacuum cavity 28a.
M cro-cracks in the surface of the concrete 101 open and close with

variation in..applded stress..to oduce this effect. The flyiLd inper bl e
seal 120 is% w§&?§ﬁ%ﬂ8ﬂf’?§)’eﬁgmﬁrpﬁf‘&é3L@&XE&PH@&“ rﬁ#éﬂ?ﬁ ted o
especially f({dﬁe}eg@@m)'Fi gure 9 shows application of the systeml OGa to a
hi gh rise building 115 constructed of concrete (101). Cavities 28a and 28b
are attachedCavtis t8aand 284 6 attachdddo sindmss OO0 o ehdsildschiMbe bsildinguedewdd t o
measure _strain due to a force, represented by a_black arrow, produced for
exanpl e 1By QimRISHS sHRiRgUe fo 8 e denresenied by adlack arwxn produged s exampishy due
to noisture \S‘?xﬁﬁ?ﬂt’m. n concrete can be provided. This can be achieved
directly by electrical conductivity measurenent. 15 Alternatively, by
measuring the anount of water in the mnuscule airflow over a predeterm ned

time, a correction may be derived froma nmethod such as chem cal
A correction t0 gas permeability measurement due to moisture content in concrete can

be provided. This can be achieved directly by electrical conductivity measurement.
15  Alternatively, by measuring the amount of water in the minuscule airflow over a

predetermined time, a correction may be derived from a method such as chemical

absorption, or a device wherein minuscule capacitor plates are chilled to collect

moisture and alter capacitance and hence frequency in an electronic oscillator circuit.

20  Now that embodiments of the present invention have been described in detail it will be
apparent to those skilled in the relevant arts that numerous modification and variations
may be made without departing from the basic inventive concepts. For example, the
apparatus shown in Figure 1 depicts the use of a single disc 24 for providing surface
permeability and a single sleeve 40 for providing matrix permeability. However

25  multiple discs 24 and/or sleeves 40 can be incorporated in order to test large areas of
material and/or to provide both surface permeability and matrix permeability

measurements.

In another variation, permeability measurement of a layer of concrete at a selected depth
30  may be accomplished by providing two elements of the configuration of Figure 3 to

produce a fluid flow, one to the other, and having all significant surfaces sealed.



absorption, or a device wherein mnuscul e capacitor pl ap@sofdimeebigl.l ed to
collect noisture and alter capacitance and hence frequensyvdnbeaspodl €ectronic
oscillator circuit. 20 Now that enbodi nents of the present invention have
been described in detail it will be apparent to those skilled in the

rel evant arts that nunerous nodification and variations may be nade w thout
departing fromthe basic inventive concedtﬁs. For exanple, the apparatus
shown in Figure 1 depicts the use of a single disc 24 for providing surface
permeability and a single sleeve 40 for providing matrix perneability.
However 25 nultiple discs 24 and/or sleeves 40 can be incorporated in order
to test |argBurtreedbe ifclusivatofthevesasld/ods notoespentiad ahel lgtly doterfnies thetherabi ity
and matri x perneabi.l.i t&') neasurenents. In another variation, perneability -
measur ement SBPacKy|ofihe cogstant HesSUICSORECey sel ect ed depth 30 may be
acconplished by providing two el ements of the configuration of Figure 3 to
produce a fluid flow, one to the other, and having all significant surfaces:
seal ed. ©at &V rdspéot Rl fhoasurdifeONQITE 21t O gaslBaf b6 hfiRbprid Sudt il S1 On

of the vessel 16 Is not essential and largely deternine bypt e capacity of
t he const antsupmergsdiapplicationse Fusthi, imhtheeshedimeants depiciedhin®igsros @+edie | i qui d

i nstead of gas..may be,appropr.iate. such in, subnerged applications.
Further, i n%?ﬂge%%ﬂaﬁq ﬂ’gﬁ}eﬁﬁgﬁ?@?’éﬁahﬁq Yints meagured gee illustrated assheirg med on
the materi al i hiledisl TRARY L5l i ng
formed on tr{gﬁﬂﬁ?ﬁﬂ%ﬁ&ﬁ&?ﬁiﬂfﬁ %??%I . Homé\e/ﬁetr In lgll é@#%ﬁ%ﬁﬁ%&? %hs

i Il ustrat ed Figure Fiapdi3 & tBe eavitiGaan bbdoramdiibterniig aftHeandteristed i nternal Iy of

the material. 10 Al such nodifications and variations together with others
that wot?d be obvious to a person of ordinary skill in the art are deened:

to be withi i.pventi on the nat of whichis to
be determ ntl}a!?‘i1t %&h?&g&gcggéxég %‘?s‘%}?'ﬁ%?‘ﬁ%ﬁ%é@?{d{}‘?h%&fég%émﬁé g‘i’ aPYIRUS 8t ¢ of
Fi 1ing PF14persoB6f dddisarspsiill 204 art are deemed to be within the scope of the present

invention the nature of which is to be determined by the above description, and the

appended claims.



The clains defining the invention are as follows: 1. AnDa ik PB4 -Or
providing a neasure of the perneability of a material in3gNsddnit@r2@s | €ast: 5
a substantially constant fluid pressure source; at |least one fluid

i mpervi ous nmenber for juxtaposition and sealing with the material in a
manner to define, between said nmenber and said material a corresponding
fluid flow cavity; a high fluid flow i npedance nmeans providi ng high

i npedance fluid 10 conmuni cation between said pressure source and said

fluid flow cayjd ¥ai ' s.for sealing an area of a surface of the
mat eri al surroun Plﬁ%ec?e%ﬂ&ftﬁ%ﬁgg?t%ﬂ%?50321"..c'nber to define a fluid

i npervi ous region between said fluid flow cavity and a free unseal ed
surface of the material; and, neans for neasuring steady state differential
pressure acrobks saf\d appagefus fasipeovidiogra iasurapétherpeaneadity of @ mat@ial SR 1Win
measur e of the[ gegrreabi lity of said material. 2. The apparatus accordi r?g to
claiml V\/nere"ilrx B4id at least one fluid i npervi ous nenber includes a pl anar

article far placenggl, i SR b @b e . 3...The apparatus according to
claim1l1 wherein said gt 1e sc?’ngc}?i]elq¥"|1(8}}1§s‘|%l?r(b%(?%?60us menber includes a sl eeve

di sposed in a bl i nd léwsl encffosidrisipdr ot eABEEfok flxtagolifios! @Lf&nng%ﬁ’}ﬂé ng for a
portion of the |ength of the hole fromthe surface of the material and
having a dowPRIE 1B Adnagpectedletine betveeeh stid amndier nhd sdid heteriahe cofr@pygdih®r M Ng
a seal agai nﬁ&idﬁgvdlzc%tvﬁr-i or surface of said portion of the |length of the

hol e, wherein sai c%rrespondi ng fluid flow cavity is defined between the
down- hol e end of tdwdslsNeRMBW e, . I 4. .The apparat us
accordi n% to clam 3 further iEg?eggﬁerlcg&g&%?ﬁ‘@%%@r}]\?&lg&aﬂﬁ?Qﬁgleof a

di anmet er 10es scontaymication bitveen eaid ofestire shatearandidfiuia foanghfty! ess than a
remai nder of the 30 length of the hol e between said down- ho?]’e end of the

sl eeve and the botf¥Hedheans onssalung angupariin snfacaiefsbs intatatial sursaindingahe pri or

to the i th oM A okl unng anp L kecp' . rct FPI 7117
arended Speci e BB aclhe o YT BER A EFRPR hEpicen stid sl Rewenber

2004 cavity and a free unsealed surface of the material; and,

means for measuring steady state differential pressure across said high fluid flow

15  impedance means to provide a measure of the permeability of said material.

2. The apparatus according to claim | wherein said at least one fluid impervious

member includes a planar article for placement on said material.

20 3. The apparatus according to claim 1 wherein said at least one fluid impervious
member includes a sleeve disposed in a blind hole formed in the matetial, the sleeve
extending for a portion of the length of the hole from the surface of the material and
having a down-hole end spaced above a bottom of the hole, the sleeve forming a seal
against an interior surface of said portion of the length of the hole, wherein said

25 corresponding fluid flow cavity is defined between the down-hole end of the sleeve and

the bottom of the hole.

4. The apparatus according to claim 3 further including a fluid impervious blank of
a diameter less than the diameter of the hole and of a length fess than a remainder of the
30  length of the hole between said down-hole end of the sleeve and the bottom of the hole,

said blank deposited in said hole prior to the insertion of said sleeve.

Hiuscampikeep'setype'FP1 7117 - Amended Speci and Claims - SMS - SG.doe



5. An apparatus for providing a - Leasure of perneabil ilag
including at least: a substantially constant fluid preddlpwemoard)
| east one first fluid inpervious nenber each for seal ed placenent on the 5
material to define, between each first nenber and said nmaterial, a
corresponding first fluid flow cavity; first high fluid fl ow i npedance
means provi ding high i npedance fluid comtdnication between said pressure
source and said first fluid flow cavities; first sealing nmeans for sealing

an area of a surfa | g material surrounding .10 said first fluid

i mper vi ous rre?fber SR{TSB %aé%@éng” gg?svbel%F‘\%edf‘frﬁlogp"rr}?%éi?lbpo 2 paigrigiaclugigg geen
said first fligagl: fl ow cavities and a free unseal ed surface of the material;
at | east one second fluid inpervious nenber each for seal ed placenent in
respective hol es fasubsidniiallysansgamedtied paksuraisaurceanner to define, between said
second nenbers anag a bot}fom f. said holes, a correspondi ng second fluid
flow cavities; 15 L&ESHIe ifétrf?”flﬁi PRETT BCHRETeRsh dorrrealsd placpmentiagithg hi gh

i mpedance cf | ul . i i,0 ek id nressure source and said second
10 d T o o ey Ba R Bl B RS a8 ST b e on e
surface of th&uiddlboerdagdty;surroundi ng the second fluid inpervious nmenbers to
define respective fluid inpervious regions between said second fluid flow
cavities and sai d frsidighAyddlavdinpadiacaneins pheiditg hizhémpedancafdidreans f or
measuring ste tate differential pressure across said first and second
high fluid f|°%\%‘§r%%aé‘gﬂ EIWRSH SUA PEESHTE S e Q‘Lﬁ*@&gﬁ%ﬁwﬂ flovecayatigseabi ity of
said material. 25 gt Jror.~obt alni Ure. e perneabi | ity of
a material includi na sg?lﬁwﬁtﬁ’eigeg? fﬁ:ﬁ%@&féﬂ&ﬂ r%?oigar %?‘QT éﬁsagé @é%&f‘g‘?ﬂﬁoﬁf‘ g

const ant 10| uisdidpfiresBuid émpavione mentbep ti dgfindicshans flatimpkHishsRESSSUT € source
t hrough respective hjgih ffi,uid flow inpedances to one or nore fluid flow
cavities for meBvesasad Tirst fHud lpwicaritiss andofreopnrealgd pergpe of theandtemiald

def i ne cor respondihsarche s R R E B b Ratoh b edehp praman 1
respective holes formed in said matersal in a manner to define, between said second
members and a bottom of said holes, a corresponding second fluid flow cavities;

15 second high fluid flow impedance members providing high impedance fluid
communication between said pressure source and said second fluid flow cavities ;
second sealing means for sealing an area of the surface of the material
surrounding the second fluid impervicus members to define respective fluid impervious
regions between said second fiuid flow cavities and said free unsealed surface of the
20  material; and

means for measuring stcady state diffcrential pressure across said first and

second high fluid flow impedance means to provide a measure of the permeability of

said material.

25 6. A method for obtaining a measure of the permeability of a material including at
least the steps of?
providing a substantially constant fluid pressure source;
coupling said constant fluid pressure source through respective high fluid flow
impedances to one or more fluid flow cavities formed on/or in the material;
30 forming respective fluid impervious scals on/or in the material about each fluid

flow cavity to define corresponding tluid impervious regions between each fluid

HomwampikeeparetypeiFP171 7 - Amended Speci and Claims - SMS - SG.doc



mp' kecpret~i el'P17117 - Amended Speei and O ains - SMDate SGildeeFBat e of
Filing PF14 30 Novenber 2004 flow cavity and a free suBfioeendfer 2008
material : and, neasuring steady state differential pressure across said high
fluid flow inpedances to provide a nmeasure of perneability of the material.
5 7. An apparatus for providing a neasure of strain in a perneable material,
said apparatus including at least: a subdwantially constant fluid pressure
source; first and second fluid inpervious nmenbers for juxtaposition at

ren | sty MR AL AT, T L s

bet ween sai d nenber sal ding first and second

fluid flow caviti empashiing steatychtBeanrsbriaDitefubt frdsk deihigaﬁﬂ?aq]%%, provi di ng
rst an

hi gh i npedance fluid conmmunication between respective second
cavities and EWedanseeoqupede amressre ofpérthehbilistofalyinkierigoupl ed in series at a
first node to said first high fluid flow i npedance, and said second cavity
coupled in series at a second node to said second high fluid flow 15

i npedancey seal i nga $ath Of; L{if\9-: .0f .a.surface qf the terial
surrounding said first and s %%ndéﬁgg?ﬁ{egﬁ?‘ﬁ%%ﬁ@f%ﬂsamﬁ&lgmﬁné-ﬁ“ﬁe a
fluid inperviapparatuegnahmdibeaniessn said first and second cavities and a free

unseal ed surface of said material; and, neans for neasuring steady state
differenti al stagfpaely sepvay fliid pressurestousned second nodes 20 to provi de a

measure of stg.aini el - erial . 8. A method of obtaining r neasure of
strain of a rge{tgtl eérﬁfigP?O%safﬁl %P%H’“F REFPATSHET Juxfapogitien at differenblosatisns and
provi di ng a sudificanth sid MakPRbinaNhaldeM r , sQurce. . 25 coupling said
constant fluid gigessuré sgurce1 ?aﬁ;r](ganléE{O?%Q?Bg’g%“\%%nfslg#aslﬁggh%fs%@fﬁzﬁ@ hi gh

fluid f1oW i musemoesesiodmgrgstandsecoaddluseiondalitivd:d f1 ow cavities on or in

said materialg formng respective fluid inpervious seals on/or in said
mat eri al aboJ{rStélgfiaeﬁDﬁiji‘ig% fﬁ’ﬁé flgwdpmeadances rroriding liglvimpedancedluéf i ne

cor r espondi NGofnkiintbali TR GEMe O Fesp EAL O NS BET VBEN cavitics and said pressure source;
said first cavity coupled in series at a first node to said first high fluid flow impedance,
and said second cavity coupled in serics at a second node to said second high fluid flow

15 impedance;

sealing means for sealing areas of a surface of the material surrounding said first and
second fluid impervious members to define a fluid impervious region between said first
and second cavities and a free unscaled surface of said material; and,
means for measuring steady state difterential pressure across said first and second nodes

20  to provide a measure of strain 11 said material.

8. A method of obtaining a measure of strain of a material, said method including

at least the steps of:
providing a substantially constant fluid pressure source;
25 coupling said constant fluid pressure source through respective first and second
high fluid flow impedances;
forming first and second fluid flow cavities on or in said material;
torming respective fluid impervious scals on/or in said material about said first
and second fluid flow cavities to define corresponding fluid impervious regions between
30  each of said fluid flow cavities and a free surface of said material;
coupling said first high fluid flow impedance in series at a first node to said first

HimeampikeepiretypeiFP1 7117 - Amended Speci and Claims - SMS - $G.doc



30 each of said fluid flow cavities and a free surface Rdte ofdfilog RElder i al ;
coupling said first high fluid flow i npedance in seri es 38Nogenilbder 304node to
said first ri:~manpleep .retype; FPI 7117 - Amended Speci and Cains - SMS
- SG doc Date of Filing PF14 : 30 Novenber 2004 cavity; coupling said
second high fluid flow i npedance in series at a second node to said second
cavity; and neasuring steady state pressur®-differential across said first
and second nodes to 5 provide a neasure of strain in said material. 9. An
appar at us forcd’%@yi ding a nmeasure of the perneability of a materi al
including at least: a substantially constant fluid pressure source; 10 a
first fluid inperveoupingesi®dedcoh®highUlli @ROR e ‘ j ' t

material in or,(?er (?g define, bet v%en sai dlf ?)re‘jshtmg't@rrgh%grgé !g%eggfd;mﬁ@g%ri al a
cor r espondi ngs¥9 $esend ¢qvityderd ow cavity; a first high fluid flow i npedance
rovi ding high inpedance fluid communication between said pressure source
gnd said first fl u‘?eigasPPB%wFtE%{iYiﬁ“g}? PLES§U g éltfftewaﬂf act@ys ol fgstaind wecomd nadesxoof a
surface ofs t hrofiak alldburs F SEHH Oy WiRyff st lud impervious member to
define a first fluid inpervious region bétween said first fluid flow cavi ty
and a free unseal ed surface of said material; and.. a neasuring device for
nmeasuri ng stsgady sfate differential pressure across said first high fluid
f1 ow i npedance to ‘Y BRAMAUBIoRBENItHer oMmentiee pethmpatidability of a matetialRchaier i al .
10. The appargidig-according to claim1, wherein said first fluid inpervious
menber includes a planar article for placement on said material, 25 11. The

appar atus accor di ngsubStagiadly TodstadMiRl bRl Qufdel St fluid inpervious menber
i ncl udes a sl eeve di sposedlyi n a bli n(dllj h%bl g‘"%g?dﬁéd in the material, the

sl eeve ekPending st Aujddmpeonowfmdrhieer| fongixtapofitibh andMaBing wmm@ﬁla%%{]ace
of the materi.al gfem(cjj H‘F ing a down-hole end spaced above a bottom of the
hol e, the sl dBJHCE 4 aﬁqube, ctveg Saéggrs‘ﬁgtengwr and said material a corresponding first

fluid flow cavity;

a first high fluid flow impedance providing high impedance fluid
communication between said pressure source and said first fluid flow cavity; a first seal
15  for sealing an area of a surface of the material surrounding the first fluid impervious
member to define a first fluid impervious region between said first fluid flow cavity and
a free unsealed surface of said materi al; and.
a measuring device tor measuring steady state differential pressure across said
first high fluid flow impedance to provide a measure of the permeability of said

20  materal.

10.  The apparatus according to ciaim 1, wherein said first fluid impervious member

includes a planar article for placement on said material.

25 11.  The apparatus according to claim 1, wherein said first fluid impervious member
includes a sleeve disposed in a blind hole formed in the material, the sleeve extending
for a portion of the length of the hole from the surface of the material and having a
down-hole end spaced above a bottom of the hole, the sleeve forming a seal against an
interior surface of said portion of the length of the hole, wherein said corresponding first

30 fluid flow cavity is defined between the down-hole end of the sleeve and the bottom of
the hole.

HonwampikeepiretypeiPP1 7117 - Amended Speci and Claims - SMS - SG.doc



interior surface of said portion of the |length of the Hateof FilingPiddn sai d
corresponding first 30 fluid flow cavity is defined bet 3@&bavember 2986n- hol e
end of the sleeve and the bottomof the hole. anp', keep rctype'.FI'171 17 -
Amended Speci and Clainms - SM5 - SG doc Date of Filing PF14 : 30 Novenber
2004 12. The apparatus according to claim3 further including a fluid

i npervious blank of a dianmeter |ess thanZihe dianeter of  to hole and of a
|l ength | ess than a remai nder of the Iength of the hol e between said
down--hol e end of the sleeve and the bottomof the hole, 5 said blank
deposited in said hole prior to the insertion of said sleeve. 13. An

appar at us accpz.di Nphd HpeladisieSrd VRS Blizfin §Qijﬁhé°riiﬁ(§&diféé 4idid TRRFM O RWladiBsDEr
is placed on the material to define said first fluid flow cavity,; and
further incl udiliagetealessetondhd diandter ofptée Wolousd o€uiagtif loss thamb emngihdec efiiet | n

a blind hole for i 0 said erial, in.a_mannper to define, hetween said
second f1 uid e gﬁ?ﬂt&‘ﬂ?lf#&%@% GW*E_?)’FFB%’B&%%L‘H@M@? batters ob s Folwi d
flow cavity o8 5608 ont&hnfsgfang;Jp;&,%b TRSHARES: B s‘i’é&g. hi gh i npedance
fluid communication Between sai ressure source and sai d second fluid fl ow
cavity; a second seal for sealing an area of the surface of the materi al

surrounding said 15 second fluid inpervious nmenber to define a second fluid
i npervi ous rebi-on Heeppastus aegprliceloohdmf, whgrdin eaid St ifluid imperdaidmember
unseal ed surface of sgid material, wherein.said neasuri devi.ce measures
steady state ﬁipfafcgﬁi 8?1?}]‘eépggﬁl32§%g?f§‘ea°’éi‘%§r§t ﬂ‘é'gi‘}d’“‘f‘i'fﬁygi’v %H%”@%d’ﬂfgu‘m‘%h f1 uid
flow i npedances. 2, Qeddd fifidTRpBAh ks Aeviebld! RhRd phc ‘
perneability of a matberi al i nl(i:)I ud)iung ‘éit ?;ebagt" tpﬂaé ls?@gé%gﬁgd%p%vﬁoﬁ%dgma
subst ant ildl | ysaxbmstesial infal mamhepoatsiue dedotenceid seonpl fluid impérdioadprfrdet ahdi ui d

pressure sourcge through first high fluid flow inpedance to a first fluid
flow cavity f& WBﬂga&g‘?lﬁ a feonelliad iflaw: cay8yt orming a first fluid

det i ne the first i oe bl RulA 0 RheBRR o d il Boredhiisthuige ot The 1
material surreamitifigation®efvdef tsaildl pidsdurk FBGTY htHshid second fluid flow cavity;
a second seal for sealing an arca of the surface of the material surrounding said
15 second fluid impervious member to define a second fluid impervious region between
said second fluid flow cavity and said free unsealed surface of said material;

wherein said measuring device measures steady state differential pressure across

said first and second high fluid flow impedances.

20 14. A method for obtaining a measure of the permeability of a material including at
least the steps of:
providing a substantiaily constant fluid pressure source;
coupling said constant fluid pressure source through a first high fluid flow
impedance to a first fluid flow cavity formed on or in the material;
25 forming a first fluid impervious seal on or in the material about said first fluid
flow cavity to define the first fluid flow cavity;
sealing an area of a surfacc of the material surrounding the first fluid impervious
seal to define a first fluid impervious region between the first fluid flow cavity and a
free unsealed surface of said material: and,
30 measuring steady state differential pressure across said first high fluid flow

impedance to provide a measure of permeability of the material.

HmeampikeepiretypeFP171 17 - Amended Speci and Claims - SMS - $G.doc



seal to define a first fluid inpervious region between RawoffilingPFif:yi d | ow
cavity and a free unsealed surface of said material: ageNogmbeedddring
steady state differential pressure across said first high fluid fl ow

i npedance to provide a neasure of perneability of the material. 11:'<n
scanp' , keep retppe, FP 1711 Y - Anended Speci and Clains - SM5 - SG doc Date
of Filing PF14 : 30 Novenber 2004 15. An23pparatus according to claim9
further including: a second fluid inpervious nenber spaced fromsaid first
fluid inpervious neans, said second fluid inpervious nenber juxtaposed with

and sealed to,said terial in a manner.to define. between said second
fluid inpervi %u; néﬁt%ﬁé%ﬁ%g%cgf(gué Warﬁaé?]i gifm% “E‘éf_é'gﬂ‘& fluid flow cavity; a
second high fluid {LQuhd TRRJRPES RE Mt 9pdted ol MREARRE Auldl iiplrvious
comuni cati on between said second cavity and said pressure source; said
first cavity weupl sud savosdflidsmptrvanusinnasnben pdeatosedsaithl afd sefedtoghidf | ui d 1 ow
10 i npedance and .sai d second cfavi ty coupled in series at a second node to

sai d secomd hingltiakingeennepiy defigedishren saig; sgeanddluih gnprexioys BT jand ssigosed

with said matetj iqcl: § LSt d second fluid inpervious nenbers
wher eby said @?{Sﬁgl’?rgr%gig:flgﬁc{sﬂ(§‘2§?vo "extends between said first and second

cavities and said { seeendhigh@edfisuihparned prodidth LR Ih#dan@hid 15 sai d
measuring device being coupled to both said first and second high fluid

f | ow i mpedancexnmmwecawndetweestsaidndcasdcanity mudkes! presspectouwel y to provi de a
measure of a difference in perneability of said material between said first
cavity and said frsé’é‘]e Eﬁf?aé’gt ,Coulg%‘gmbsé’ci@\%@rf fus ‘H%Qé%%@ﬁ&%\bim&@%’ai d free
surface. 120 lghpefafBR0LAEShid SERRE R Qupledi el - i
formng a second fluid f1ow cavi ?ytyta‘%*@reai”g&’;‘é? émrréaf;dgllr@g?&;quSélgl%ig%gngshé%hd
const ant fl ui fluipflessimpedaway ce t hrough a second high fluid flow inpedance

to said second fluid flow cavity; formng a second fluid inpervious seal on
or in said materi a2id358lRe Wans bemegntapassd withisaidi meteriehand spid Hirstiafd secord

second fluid ﬂ&ﬂ? %H&Q%ﬁs gn%ﬂib%l% \Ql;ef:trg})eyesnldsﬁﬁlg irﬁggrgﬂ')%s ];'elglilcimdextends between said

first and second cavities and said frce unsealed surface of said material; and,

15 said measuring device being coupled to both said first and second high fluid
flow impedances and said first and second nodes respectively to provide a measure of a
difference in permeability of said material between said first cavity and said free surface,

and between said second cavity and said free surface.

20 16. A method according to claim 14 including the steps of:
forming a second fluid flow cavity on or in said material;
coupling said constant fluid pressure source through a second high fluid flow
tmpedance to said second fluid flow cavity;
forming a second fluid impervious seal on or in said material about said second
25 fluid flow cavity to define a second luid impervious region between said second fluid
flow cavity and said free unsealed surface of said material;
coupling said first high fluid flow impedance in series at a first node to said first
cavity;
coupling said second fluid flow impedance in series at a second node to said second
30  cavity; and,

measuring steady state pressure differential across said first and second nodes.
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flow cavity and said free unseal ed surface of said nat d2dtexffilingPiiki:ng sai d
first high fluid flow inpedance in series at a first nod@Npyembai2008j r st
cavity; coupling said second fluid flow inpedance in series at a second
node to said second 30 cavity; and, neasuring steady state pressure:
differential across said first and second nodes. canp keepretype, Fl'l? 117 -
Amended Speei and Cains - SM5 - SG doc Date of Filing PF14 : 30 Novenber
2004 17. An apparatus for providing a neasure of the difference in
perneability between surfaces of a perneable material subjected to a | oad,
sai d apparatus including: a substantially constant fluid pressure source; 5

first and secpnd fAushakdefoy hRURIIREANRAIAL of YELARDSICL P PeleaBiify S1ERL,

| ocations with said material in a nmanner to I ne, en said e

sai d mat er i alsurfacesraf e peunetiblgmiterialtsubjocted ecohaldf daid gpphtadiy isauitinbes' . first
and second high quiﬂ f 1 ow i npedances providing high inpedance Tluid

comuni cati on bet st congantluig preaswee swEead cavities and said pressure

source; 10 said fiiu’é%nd(\s@éédéxrgmu?(? W ﬁ%h&a%%%ttﬁiw%{ag@g{léﬂ {%%Hﬁ%ggt lgtogatlicgiﬁ d

first high fluid flow i nce, and sal ! | ies at
a second nodewitlpssidimdtesREANnatted b ddidehdhaw JaPedaRcsd éﬁgl%dt%gmea”s for
ul

juxtaposition with the material and said first and secon i mper vi ous

means to def jqeaegpondinigdirstrapd sedood dlurdigiwratiseasreen sai d first and second 15
cavities and a fr surface of sai.d material; and, neans for measuring
steady state di ffgﬁéﬁﬁ"flé?coﬁpi'é@h&égé YoEwedaicgs proviginglhgh igpedsner fhodes. 18.
A method of QlahhuHifSioR bERAS vk e Ald LELERGE i rieability between 20
surfaces of a pernéabloe nat eﬂ%f)&sul}%fhg%tqgéjt 833;8%6{51%,&&%?@ HEPHSFOPHES udi ng
the stepdOof, prouiddirsigasity chplainhisalidsyat & 9ing ndaé 1o daiti FrsPhIBA TEEASHUN CE;

coupling said constant fluid pressure source to first and second fluid flow
cavi ties for fdedamceangd said seepndwedhy eiupled o segies rbas pavond nedd torssid saehds econd
high fluid f lh?é% fluid flow impedance;
sealing means for juxtaposition with the material and said first and second fluid
impervious means to define a fluid impervious region between said first and second
15  cavities and a free surface of said material; and,
means for measuring steady state differential pressure across said first and

second nodes.

18. A method of obtaining a measure of the difference in permeability between
20 surfaces of a permeable material subjected to a load, said method including the steps of:
providing a substantially constant fluid pressure source;
coupling said constant fluid pressure source to first and second fluid flow
cavities formed on or in said material through respective first and second high fluid flow
impedances;
25 forming the first and second fluid flow cavities with respective fluid impervious
members on/or in said material;
sealing an area of a surface of the material surrounding the first and the second
fluid impervious members to define a first and a second fluid impervious region
between the first and the second fluid flow cavity and a free unsealed surface of said

30  material;
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i npedances; 25 forming the first and second fluid flow Raweftfileg PRi4t:h
respective fluid inpervious nenbers on/or in said nateBabyerseatdoag an area
of a surface of the material surrounding the first and the second fluid

i npervious nenbers to define a first and a second fluid inpervious region
between the first and the second fluid flow cavity and a free unseal ed
surface of said 30 material; | t: ineanp%eep\reiyp>el +P 17117 - Anended
Speci and Clains - SM5 - SG doc Date of Filing F14 : 30 Novenber 2004 24
coupling said first_hi.gh flui edanc in series at a first node to
said first cavi ty,&’“gh Fz%%gsgp ?ﬁ’g«gnngwﬁc FCGisericHd) 4 sbrrdede said fusr i es
at a second ngdg@yto said second cavity; and, 5 measuring steady state
pressure differential across said first and second nodes. keep etypc\FPl i |
| Amended Speci atuiplhgsaid secobiVBigh G flow impedance in series at a second node to

said second cavity; and,

5 measuring steady state pressure differential across said first and second nodes,
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