; e3emDX4$6ZTcqRWO 01192851 PCT/ AU01/ 00628 APPARATUS AND METHOD FOR
MEASUREMENT OF PERMEABILITY OR STRAIN I N PERVEABLE MATERIALS 5 10 15 20 25
Fiel d of wwmoispésnti on The present invention relates to anpappahdbetesand
met hod for neasurenent of perneability or strain in perneable materials.

Background of [.on Pernmeability of a material can be defined as a
rate of whi chmwmmm%wm@’”wks through the material. The neasurenent of the
permeabi ity of nater . for exanple concrete,”“lﬂmllﬁmumwm)t ance in
determ ning the sti’t&8bility of the material for oses such as

fluid containment and structural |ife. Changes in pesmeability with stress
presents a nethod of nmeasuring strain in perneable material CGenerally, the

“known met hods of measyy ooy J Lp pressure
of a gas applied to t%ﬁgkg%%QH’%Wﬁ%ﬁ%ﬁg?gﬁ on in the
,material. This met NPERMEABNATYORSTRAIN INIRERMEABRE. MATERIBLR0d t akes
a substantial tinme to run and may involve the preparation of special

sanpl es. Bor exanple, the contenporary construction industry relies heavily
on | abor at oryFiEﬁs&ﬁhggi‘;eng&%out on sanpl es taken during a pour of a |arge
concrete sla 0 ascertain the strength of the concrete for

further construction to be carried out. A steady state test nethod is a

anot her, nore _desirable, nethod and is enpl oyed in the current
speci fi cat i onIheRIesSRE inveptien relatesdo %@BP@“P%Q%/‘? msthed dor megsueementaf for t he

measur enent i ¥ [ besiaft fUrther desired attribute to
Toauce time (pREREty or diafl el fakld thatchia, T U1 or (T | 60635 Us Pat ent
No. 4,9720390 descri bes one nmethod and apparatus for testing relative
permeability ﬁf !mat er!i q.lﬁl I n tEeneral terns, this requires the application
of a parti al st area on a piece of concrete and
nmeasuring the rate of decay of the vacuumto provide an i ndex of

pernmeability. Alimtation of the nethod and apparatus 5 described is that
it is restri cRezmeability ofmmatetinkoan beidefinedaasi amatepafiwhiclva fluid flewsthonigh the

ingl e test f f relatjvel |l area. Jnternatjonal li cati,on, No
BCTT AU al 003 BEtTE) 3P Siepagomitf ghe prmeRtR af RaeERale o eramply Gamsfe s ot
that caniBe Usfrtaficeintdfdrml 12#& ih® sQitafiiIfthe Matehitl BYVARAR pRfpolss sheR ai thi n

i
a structure or conponent. The nonitoring apparatus describéed’includes a
subst ant i al | yiluid gentainmens and sirusbualdife Clranges incpermeshility guithnstress presengha
i npedance to | ice. t. i .5 connected with one or nore
m nuscul e flar\;/lvé@!é%gﬂl%w%lg& %glpgg%%b%#ﬁ&ﬁ]gasurface of or within a
structure. A differential pressure transducer is connected across the high

i npedance device.to nonitor the vacuum state of the 15 m nuscule flaw
sensi ng cavi t§ensrallyathe known methpdssof measusenrent efnermpability/measuie e change it s t he

nange s R0ns HHLEOO bdsUpliet WIRE bR Wb JTIRMARASEARAGAYE | o= and

t he constant ‘vacuum sour ccor ange i'n vacuum

condi ti on i n miterialaVitis amthodiisknowanasathe palsé testmethedf Thisatettnd taled a

propagation of _a crack, the change s detected by the transducer. Cracks of

a length domubﬂa@@g time-fogyn ﬁﬁ‘ig‘%ﬁe@wlﬂ% d’cr@)“f@}/‘lﬁ‘ Q?§P?Fgaaléa@ﬁh§'t Eet vacuum

source of onl grg% i Las TuUl i p

Bay is parti c%@?%%ﬁhgﬁ?e tgaﬁfr?gg? {)@&%f%ﬁf %J%%q%‘éﬁftgﬁ tekls
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 testing is a further desired attribute to reduce time taken
and cost.

30



of the present invention. Accordingly the contents of Tulip Bay are

I ncorporated herein by way of reference. 25 Summary of the Invention It is
an obj ect wij otd2851pr esent i nvention to provide a sinple, | orcTavn1/N0%28
situation, nmethod and apparatus for providing a neasurenent of the
perneability of a material. 3 o It is a further object to provide a neans
of nethod and apparatus for neasuring stralm in perneabl e material by neans
of change in perneability with applied stress. WO 01/92851 PCT/ AU01/ 00628
-3 Accordi ng US Raent Noe 879,300 destribesoricaéthod andapgparaiasifon festinpralaives f or
providing a neasure_of the perneability of a material including at |east: a
.subst ant i al | yp&Babilify of materjals, b geneal ilqmﬁdéls rgquites| thaanpligation ¢fi 4 partial

| mper vi ous negns Flﬂ)&] Lt ' ters '_ | he,
bet ween sai d neah‘élqgr?! sa?%&%&a%ae%a&%%%p?%ﬂé%oaﬁg irﬁ%asﬁfnﬁ@? F"g?@v?&‘%"\%ﬁ?;%g
vhigh fluid flvaouunytegaovide aeimdsx pf parmaabilityhi Ay blimitsrien afithe rhéthodland apparatus
conmuni catj on bet,we& ai, d, press%ae source and f;qai d fluid flow cavity; 10
seal i ng mPansdeseribe F@éé’s‘?f@%" orp measurement pLyelafive permeapility and epfyayi ous
means to defi F‘h&? i ' between said fluid flow cavity
and a flee su??%tlgéé% t dg%‘%lgﬂgﬂf?ﬁggg?aneans for neasuring steady state
differential pressure across said high fluid fl ow i npedance neans to

oot ne ronnainiatnel ARpRETR Npp CLlrfta GRS (RB) Bkl ann Bl Sascdilasbe pa o
at a surface ﬁBnﬁ@t@i%Wtﬁ%aﬁﬁﬁ b@’&%?‘l‘g%sfreg?@.datglﬁr &ﬁéﬁs@ﬁg{i@%urﬁ@éléf&o

define said fluid i VI ous region. y sal east one fluid
i nper vi ods mewithini attugtiee oncorhponent. SFhei monitoring apparatmselascribed snwlwllesat er i al .

Pr ef er abl i d_at .l east fluid i i ous .means i.ncl ud | .
i sposed | n” P GAIRE s vassti soltB ChealiR iF Seienonll e BED TuRedand T v
portion of thBow@adich tigh it titn oAkt Wi Bhd HEmR thituScudé flaRBerSiigedavittesand

havi ng a down-hol e end spaced above a bottom of the hole, the sleeve
fornmi ng a seaformgdpnéhe surface oforn within gistruetureofA diffesential pressure transducdrdngt h of

the down: hol <ot aftoSFthe SBORDLRML ubife |o mokyfictthi Vackul Sk BFBecr o 201
sai d apparsat usidusédlb Elaw seasing e@vig/ drickvitled, R @resswre diffratial AlansudéraiBitifirs | €SS

than the dianeter of the hole and of a length |less than a remainder of the
| engt h of t hethe 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.



WO 01/92851 -4 PCT/ AU01/ 00628 hol e between said down-hol e end of the sleeve
and the bottom of the hole, said blank deposited in said hole prior to the

i nsertionw@ o9@esk sl eeve. According to the present inventipariAt8iBoces
a

provi ded an apparatus for providing a 5 neasure of perneability of

material including at |east: a substantially constant fluid pressure
source; at |east one first fluid inperviou§'neans each for placenent on the
material to define, between each first nmeans and said material, a
corresponding first fluid flow cavity; 10 first high fluid flow i npedance
means providing high inpedance fluid communicati on between said pressure
.source and sadgcardingto the present inventian theteds provided an epparatys ferprevidiag a

j uxt aposi tion_wit ' ' i |.d..i npervi ous nmeans to
define respect 39?%‘.ﬁa%@9?%%@9@84@}1@@?%%#@& dfirst fluid flow
.cavities and a fregsibstdnti Qbnstdnt fli prédsate sobiweftt | east one second fluid
| npervi ous neans each for acenent in respective holes formed in said

material % a mann@ileasopeilniddmpsariowsancans for juxiapesition-wih themateriadde eom of
sai d hol es, | i caviLil es. i f1uid
T ow i mpedancBais (L URHE, BARSRATE phh o lnRibA Boresb RO NNt e
sai d pressurecagftyy ce and said second fluid flow cavities; 2 o second

sealing neans for juxtapqsition with the materjal, and the second fluid

inpervigous means t%hwiafffm ﬂp@\sm@émpemqamammmwga@pﬁ oRudhet veen sai d
d fluid Ak L | : : i al ; d

T ) g LRI Ry A o ERSEBBgS,  | 21 reas

for measuring s pressure across said Yirst and
second hiigh fl ui d fdaling muansiforgextapmsitiontwitlpthe materiah and thefhid ihpdrtious means
perneability of 5 i,d, material ., Accordi ng, . resent .invention there
e o pr ovi Bulsfiad AdTHD ImpesvIcyBTSEiaN brgveen RicLME om SaaY Ja Adieg HEtESp &ff o
materi al i nC'ﬂlgin‘i!ﬂe&{l; Lagg’st the steps of providing a substantially constant

fluid pressure source; 0 coupling said constant flutrd pressure source
t hrough respecti vemieangfot meastiringsteadyptattadifferential poessureracrass eaifl highdluid Saw

cavities forngd gn/or in the material 01/ 92 .5 . PCT/ AU0O1/ 00628
fo\r“m' Ing res pe’ﬂﬁeta@nqel rﬂ%@sit?rﬁé"rv %%leg%lgﬂ ‘ét‘\{\gﬁp?}peﬁﬁ?%h%?%ﬁf@?(eﬁ% *about each
fluid g

o

Preferably said sealing means includes a seal that seals a peripheral edge of said article
at a surface of said material and extends from the peripheral edge to define said fluid

impervious region.

20 Preferably said at least one fluid impervious means includes a planar article for

placement on said material.

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

25 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 sleeve and the bottom of the hole,

30 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



flow cavity to define corresponding fluid inpervious regions between each
fluid flow cavity and a free surface of the material; and, nonitoring
measur i ngws @adysist ate differential pressure across sai d hpgfiaghpbesap ! ow
I npedances to provide a neasure of perneability of the material. According
to the present invention there is also provided an apparatus for providing
a neasure of strain in a perneable materi aff” said apparatus including at

| east: a substantially constant 'fluid pressure source; 10 first and second

fluid inpervilplksbstaeas sdid dowviriodpari dfithesledvedin ey otion OFthE heRSsai biankai d
material in a nmanner, to define, between said neans and said material,

_corr espondi ndleppsited in seidolepriprite thednseartion efspid sleave. i r st and second hi gh

fluid fl ow i npedances providing high inpedance fluid comuni cati on between
respective first and second cavities and said pressure source; 15 said

first cavity Aaopding to thepsesentsinaéntionithers is provided an appathtiis forprdvidiighl ui d

fl ow i npedance, and ,said segond cavity,coupled  in series at a second node
to said secorfBeaspEsPimermen h‘tﬁ\ﬁ?iar%ﬁ%ié@?“‘g%ﬂtilﬁ@wneans for juxtaposition

with the materi al fﬁﬂsﬁﬁ{iﬁh)twn%fanﬁg?@?&gﬁqsdﬁf#;d | mpervi ous neans to

define a fluid inpervious region en sai I'Tst and second 2 o cavities
and a free surf aceatddastanefinstifleidiimpervioud meanseachfifor plawemsant on thexhateriyl tot at e

differenti al essure acro said first,and second nodes, to, provide a
nmeasure of st‘ﬁbpﬁsqeﬁwg% ?fc@f%me&m ’EPP‘W&“‘EB"S“FW fﬁ%trf&é@ W t he
present invendgy, there is provided a nethod of 2 5 obtaining a neasure of

strain of a naterial, said nethod including at |east the steps of providing
a subst aidi al | y cdirsthigh fluidflow pmpedancemeansrprevidinguyigh impesanet fhidst ant

fluid pressure source, through respective first and. second high fluid flow
i npedanees; fcgp}ﬁl%cqﬁﬁop&e%g?.&s il Sﬁweﬁéﬁ?“gg\?*ﬁf@ﬂfw °8Y1_"1F§r sai d
material; 3 0 for misteaRAPRRAHPr fuxtipBsition With tRe fraf@l SnddPfirst Nupl d

mat eri al about said first and second fluid flow cavities to define

cor r espondi ndmperyiepsimeans o define regnestiee fluid imperviousregiony tepgesn sail Hest fluids

said fluid fl s 1 e rface,of said material;

PCT/ AUO1/ 0065@’%%@3‘%@3’%5&‘:@%Méﬁ&;ﬁgﬁn" "1%}’;1 flow inpedance in series at a
first nogs to sai ditldastséneseyorid/fluid dupérviogs Hivank é?a%ﬁmgbl&ueaibni Indespectitey
I npedance in _series af, a second node to 5 said second cavity; and measuring

steady st at e holesdaimmed in; spidapatgrialin amanpertogigfine rhetween said sseensimeansdad at o
2/ rerk Pl St Srbodi ment . said high
P rpedance | nobiamtsefi il clriioflaiB siohnuid flof 1y o' Mot sald N o

second high fluid flow impedance means providing high impedance fluid

communication between said pressure source and said second fluid flow cavities;

20 second sealing means for juxtaposition with the material and the second fluid
impervious means to define respective fluid impervious regions between said second
fluid flow cavities and said free surface of the material; 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

25  said material.

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;
30 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;



1 o which allows a m nuscule flow of fluid. In an alternate enbodi nent,
sai d high inpedance conprises a perneable material such as sintered gl ass,
an orificemépesint restriction such as a needl e val ve bei pgragiosisiesed far
too inpracticable due to the mnuscule flow required. 15 The magnitude of
the high fluid flow i npedance should be sufficiently high as to produce
significant pressure drop across the high'ﬁnpedance in response to

m nuscul e fl ow t hrough the high i npedance. 2 0 Brief Description of the
Drawi ngs Enbodi menfosmitfg refgectivefeia impeidtisisedls vh/ol inBe/niaeerih® abdut ash fvidway
of exanple only with reference to the acconpanying draw ngs in which:

Figure 1 is dlapeviattodefiap pewsponding fuishimpervipisareaions betweer eashdbwid Sowi t h
the first 2 gcr“,‘g@}r’an‘%ﬁteg?’“&{‘%503@%"1“5“1\&%@‘5;38‘3& Figure 2 is a schematic

representati an appli CAL] atus of figure 1 for providing
.surface per meabi | ignitGripmesseriag teady State differetlal pressure Getbs said ligh fluid
schematic _representation of an_ application of the atgarat us, of figure 1 for
provi di ng5matflavimpedaneesde dreyadeasasure of mehth# ¢ matgrigly k 3 0
material; Figure 3Ais an enlargenent of portion A of Figure 3; WO

01/ 92851 PCT/ AU0O1/ 00628 -7 Figure 4is a schematic representation of an

appl i cati on ciccohding ppthegresentifivéritipnrthedre isalsqpprovided ag appardtas fortppovidingac e
perneability measurenent jin a sangpleof nmpterial; Figure 5 is a schematic

F epr osent at | GREASRICAT B in 2 RMBFALLA isriah saif #PpATetys toluglingatleast, pr ovi di ng
material to @éu"o%t’é.nﬂ?ﬁ[f&ﬁ@#ah{ﬁvyiﬁ Site&O%RE: 1N a bulk material.Figure
6illustrates applicati‘on of the apparatus of figure 1 for measurenent of

- t heper neabi | ifirpt ankl secqrad fiwidf inperdoupumeansifer jaxtmpbsition atadiffenentloeations wdth of an

apparatus in accordance with a s n ect of the present invention; 10
Figure 8is a %@H&ﬁ%{lﬁ'ﬁ%&ﬁ%&ﬂ%ﬁfﬂ&gg CER §t TS sﬁﬁén@ﬁ’b@di nent

depi cted i nFigheghohdfipdirst 10 RedHhid TONEGRitieg; F epresent ation of an
application of the enbodi nent shownin Figure 7. 15 Detail ed Description of

Pref erred Entfust andrsecorrdiigh fluidflaw immpeganess proddinghigheimpedamoerfluidf t he

apparatus 10, in accordance with the £irst. part, of.the present invention,
For - brovi di ngOmENeReD B vesiaeshebie- il i R50md Syised ind peid Brismur? §eie
subst ant 1 8l | safdofst edvityfdoupled B epies bta SRVHEdR tolshidTirst High fuRl oW iipddadterent
is in the formof a constant vacuum source 14 (a pressure source at a

subat nospher ia8d spidseeons) cavity coupled imrserietatasesond rodede paid secpnd highcfluid flovo a
fluid capaciqﬁ@g&n%gssel 16 which contains a first pressure transducer 18
coupl ed by electrical conductors 20 to an anplifier and display 22 for

moni toring t healagy kst foy Axtpositdon with thdmafbriaDargihvaid filshinid sepeied floigat i on t he
term"fluid pressure source” |s iptended {o denote 2 5 a squrce_ of fluid at

any parti cul dPPSPASSmeans iR detines flpidimpenviqusegion hefareqn eald fine and secend he
formof g4fl Laagitfeggﬁgx![ﬁggge éc'icofgéd'n?atéﬁé?'v d for placenent on a surface

26 of the materi a ine, between the'disc 24 and the surface 26 a
first fluid frheans favmeasufifig Steady statg differgtial Pressute acrodylsaidsfisvam sedondnodes 3

0 vessel 16 gnd thys to theﬂfonstant. acugm source 14 via a high inpedance
fluid flow nmeQREOVIGE § meayye pt Sfrainin saipmgtegpl. o spmi | bore duct such as

restriction tube 30 (typi cal WO 01/92851 -$ PCT/ AU01/ 00628 di nensi ons
being Il ess than 0.30mm bore and length in excess of 3 netres) . That is,
one end of t hccording tna rder aspectoafghepresent inventiarsthete i provided a method b€ér end

coupl ed SEr olbiHBE A memmral Finta e s eind beboine wisepRg Reps of | ' °
anplifier andyeVidirig® substailidlly cbhstaht fluid pressure source;

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;
30 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



A second fluid inpervious neans in the formof a sleeve 40 is coupled via a
conduit 42 . and high fluid flow i npedance in the formof restriction tube
44 of thews@omo@snensi ons as tube 30 to the vessel 16 and phgsdoBeagnst ant
vacuum source 14. Pressure transducer 46 is effectively coupl ed across the
fluid inpedance 44 between the sleeve 40 and the |0 vacuum source 14.

Addi tionally the transducer 46 is coupl ed=By el ectrical conductors 48 to an
anplifier and digital display 50. The sleeve 40 is disposed in a blind hole
52 fornmed in d¢R offeaid fluid fldw cavifies sAELRee ARfRY bE S matepial;t he surface 26 of
the material for a portion of the |ength of the hole 52 so 15 that a

.down- hol e end S4 i eoupling seidifirghighBuiddlovoimprglage iniserigsat a fisst nodeito saidfvss 40
forms a seal i,hst the interior surface of the portion of the hole 52 for
which it extehds’{the gap shown between sleeve 40 and the interior surface
.of hole 52 in Fi gugesu isgidfsedondhigh flyid dfow inhpediuicetin eéticnat X sedofié@ ngdetagloes
not actually exist). Afluid flow cavity 58 is defined between the

down- hol e Sencsaishsespnd pavity; aedse and the bottom 56 of the hole. This 2 0

cavity is placed i | 9?}{ j ' ' : %{E'mi 4
conduit 42 which cglﬁ%)%ugfggtsge n gffﬁ’g%és%rdyfégn%ir@seﬁg% I n&? H]é&gﬁcé%(\i/gxgﬁmme
cavities 28 gmoviig aaneasarerdfistraindn said ndtadalt he surface area of the materi al

under disc 24 in fluid communication with the vacuum source 14 is
substantially the same as the 2 5 surface area of the hole 52 between

down- hol e en A0 - 2 :

i ncl usi ve of C%nﬁbéle%?r&l{g'ﬂ%ﬁi{t@cﬁlg??é@ﬂ?&g&é@g@ﬁ{dﬁgmﬁ%ﬂ%&ﬂ%%gﬁﬁégr%dl%cﬁ
t he di sc1®4 awhichlallews aenihiiscnte flawpfflaidow cavity 28 is a fluid inpervious
seal 60. The seal 60 forns a seal about the periphery of the disc 24 and
extends radially 3 0 outwardly on the surface 26 of the material 12. The
seal 60 thus . TR i bAh1d [

roa or rogi on Beats AbaR; fuid M iniesBuilB cGigpisesd ventibitls PRSEH Ak
PCT/ AUO1/ 00628 sitteredfglass, anorifice o point testriction sucheds aifeedietvalviedeing 'donsidlered
surface" refefs. .ta an%ctsulglfgce oth t he %L‘;ral 12 that is open to fluid
communi cat i ortSfAHIRREUCARP SHR IR 10g PUPYS LIS HRIE NP Y- onment  wi t hout t hi rd
party ingedi nent, this can include the surface of a hole or cavity forned
in the material which is in fluid conmmunication with the 5 surrounding

at nospher e/ enbhe wagitnde of thedtigh Buiddiow irapedanceshqulddbesulficiently highasita n

greater detai oW .. id i I 1Ol i f.orm seal
04 for ms. o ocipOoscHgiifhud BESHRR P diposT R b Anstiite b Retpo ' iRl
extends radi afiéw tiehglitd higltimpedancelr f ace 26 of the 10 material 12. The
seal 64 fornms a fluid inpervious area or region 66 between the fluid flow
cavity S 8 associated with the sleeve 40 and the free surface of the

mat eri al ,h2 ( s , Wth the radial width of seals 60 and
64 bei ngzs;l?ub fibedolibi ﬁftﬁei*ﬂ_ n the apparatus 10 is applied to the
material ~12 it will be appreciated that after an 15 initial transient
period a consfapt (stea state),vacyumw Il exist in .the flyid flow cavity
D8 beneat h_d; Baboditngn ahibs PR ITEGIPR. P@W%gds‘&ﬁbaﬂ!faymogpmﬂe Iy Thi s
creates a pregfli&efd Rohd {,Qﬁ% ik \itp.es 28, S8 and the
surroundi ng envi roﬁ%ﬁ%ﬁééu@ﬁhg l‘ﬁgta% egsrr%f‘)él'ruf}llél 12 has sone degree of
per meabi | i ty,Figiwe I s abise schematiomepresentationaflantapparatss én acebrdaficd withnthefirstd
the fluid_npervipus areas/regions 62, 66 to the 2 0 fluid cavities 28, S 8
respect i &eﬁ y.p%?fgtﬁFPW’%ﬁ_Yﬁ?ggg’ a steady state differential pressure
across the COFig_ﬁerPnd' Ngs d¥cHématic YePresd AN GYan'apphicatioh bP theldppRatudOf fiktre
which will be displayed on correspondi ng displays 38 and 50. These displ ays

can be directly cali bral&r providing sutfacepesmephilityenessitement ineoulkiimagenialt he

Tober el 12, BBl ar iy AR Spthortog ™ 36l aphfcdih ST 8 bl of ilne o
of specific surface per mmrbiriﬁigig;ﬁﬁmiﬁité Surfdee peimeéability Abdurememtin wbulk
(6] .

‘perneability via sleeve 40,, or
30 material;

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



in order to reduce the tine for stabilisation of the vacuumstate in the
bottom of hole S2 at the initial application of the apparatus 10 when used
to provi dev@oeneasure of matrix 3 0 perneability, a bl ank 68cg¢aoP@odagoVi ded
for insertion into the hole S2 between the down-hole end S4 of the sleeve
40 and the bottomof S6 of the hole. The blank 68 is of WO 01/92851 -10
PCT/ AUO1/ 00628 a di aneter |less than that of’/the hole 52. The purpose of the
blank 68 is sinply to reduce the volume of the portion of the hole
constituting Figard4 ui d {dshematid dpleséntatici ¢fin dppHektion @f tHteapphratus’oT digufed
to evacuate the bottomof the hole prior to the comencenent of the
_perneabi | i ty neasur enent forprovidingsurfaeatosugfacapermeghility measurement inraisample
meani ngful results with blity, o0t i . € lLe.to tinm.se. the'
ratio of the fluid i npe?f/l?lgﬁgalg?ieégé %r lgr&e%c:hglﬁgﬁ%%ﬁ%ggweq% ?fo a@ﬁl’?"g{?@ °§r eas

.of the material within ﬂﬁ\UTp araths 08 fight. 1 forlsroviding Mattial ® rhiteixPefraeubilignt
shown in Figure 2. If the uid inpervious area 62 is too snmall then a

fluid flo® path 10 bet weeasuement i a bylkmatgrigl. t ne free surface of the
terial 26 wgd t 00; : i
o meabi |ty U | oCifiies dbiBAft Sind Bl 6f el 17 iEMerttet bfthe

flow path | ength in theperaeability oflPpdint filnnovi de an accurate readi ng of
perneability._Jt i'f known hgwever that after,a certain distance or radius
0

has been reachi8H& T om t He S5BsMatirdepresentation of ap;apparstys itagcardance Yithgrseeqndant
difference in 15 pernealdybit tﬁﬁéw? : extending the fluid inpervious
area 62. The ratio bet \/veg%&tt(ﬁe tern |aIr1r%§}§r of the area 62 and the cavity
28 can baof ouRigumndi ri cisld schématicorepreséritatidreof apurtion of the émbadinmentdépieted & | y
ratio. Additionally, it_js i_ﬁ‘fg‘erabl e that the areas covered by the seals
60 and 64 are approxi rraFlﬂ“{lJ)’ »same. 2 0 In general application, a
plurality of ﬂ'gﬁfe% 24 and QheriatRrépeséfativd & OF e AtdimAR/shidwhian
be arranged in-line groups connectgl? to one k?ﬁ%?ﬂ?f%ﬁ?g ¥P%W I npgaéﬁgg or as
si mul t aneous surface anihFigurei’x tests connected to two or nore high fluid
flow i npedance restriction tubes. O course the scale of inpedance needs to
be conpensated if the use of nmultiple cavities alters the sumtotal exposed

area of 48e CHfallbEDedipitd o ProféellBmBatidienksus depicted in Figure 1is
configured to provide a sSure ol _pbothn s ce to surface perneability of
the bulk material 12 using the disk 24 as shown in Figure 2 and surface to

Froure 5 1t RetehikGeibtfs PdacmlBhBpoRent or 48 eBehl1 g of Biftudinct SiGHF o "

Figure 3. It

to 3 0 simul tARepAEbIthe predeldhventivh,f fag frovidifik!s hitaaird BFithe Pefmdudility ofat ri X
perneability nmeasurenenis. Either one of the high inpedance restriction

t ubes 30 or 4aeigrAl Keingludes sgybgtantsidygonstant Auid presswregouree whighy ibthiso t hat
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14, Throughout this specification the term “fluid pressure source” is intended to denote

=

25  asource of fluid at any 'particular absolute pressure.

A first fluid impervious means 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 of a small bore duct such as restriction tube 30 (typical



Tulip Bay. The particul ar advantage of incorporating the Tulip Bay
apparatus is that it enables detection of fluid flow well below the | ower
limts of woonyeassi onal mass flow 1 o neters. Further, if deeir/Adi/0dd2s
sensitivity of the apparatus can be increased infinitely by increasing the
i npedance of the high fluid flow inpedances. Further to this, in a further
application , the apparatus 10 can be conf‘isgured, as illustrated in Figure
4, to take surface to surface perneability neasurenent of a sanple 15 unit
of material sdisiensionsibding féss #Han 0(30Mmrhboge @idlenthinéxceiicofl¥ mneffes) S That is, one
illustrated as eﬁitg?g provi ded w t rality of apertures 71, but, the

. W th a pl .
.provi si on of mpgdanceci0 lﬁeee&lsﬁfwﬁevﬁ@e Howith thentherend coupleq via a
applicable to |k j I j lﬁ%ﬁhj L EA T P! Vi.QUS neans
in the form o?&éﬁir%gg;i%ﬁ%‘u §24§h§g%&?§, af%g@ggﬁ%d&tcgh ﬁég‘%}g%set;llgpher al
.surface 72 of impeeatioei 30kand@oupled by cprduicters 86 té ad amplifidr and digitabdisplay 38. A
corresponding 2 0 cavity (hidden) is defined between the sheet 24" and the
under | yi ng"" area of the surface 72 of the brick 70) The cavity beneath the

sheet 24' is |j i€l g{{ﬁ,y,? i ' drhfof Y it 'u?gp&p,gg V]
conduit 32', %&?ééd#@égrm 0 io%?giﬁrggsiﬁthgﬁe dlﬁgcﬂ%xékgléjcedp ace \gm'%?%&tl%%?
sheet 24'. Thandligh fleid/flof imhedanesini thel formodf restrictionr thbe 44 6P thefsamb dithensidns70
i ncludi ng the suyf rea o he, e,tures 71 but excludjng a rectangul ar
area 26 Ui s ottt i el . R teshigantaatii Soies Fh e el
di stance fromg herebedly é’dl'ﬁ)lé"d%rdzq% tgé)n ﬂﬁiﬁmmc@w Beteeh B stebvb 20AndiRa Of

the brick 70 beneath the sheet 2 ichis in fluid comunication with the
vacuum sa@r cevacaumiourceJ4r ddditionally thectransdiacen#6 is coupled byledectnidabdonduators hown
in Figure 4 allows a sur e .of e .pe ability of a surface |ayer of the
brick 70 bet V\é% Wﬁ%ﬁ&iﬂ@ﬂﬁ#@gl%gazo Figure S5 illustrates a
configuration for making matrix to matrix perneability WO 01/92851 -12

PCT/ AUW01/ 00628 neasurenent in a bulk material 12. In conparison to the
apparatus 10 Thosleavedliin dispeeddn a blind holed2formedjiathematenial-12uTke deevetdd

configuration iegure 5 diff 0. th .SC L s_nat e e free
surface 26 is"t d;gﬂ)ﬁﬁ'ggm %eaf(:(rﬁftéepg\@algogﬁp%ﬁo%%ﬁgé %85@‘#?%?1552 5Pn
the bul k 1mat efhatd ddwn-holk entl!5¢ is graced fromathit Bottord 56 aF e Hole $2.CTheglesved0 t he 5
material 12. In this regard, {he, seal 64 extends al ongpt he surface of the

material 12 ffosmseseal agaipstdhemtarior sprfageaf theportion of the hnle 32 foy whighdt extrads

the dist | R
e, st an e, 26k MR VRERy R 0o SR a3 TuicC BBl oFHE Yo DA rr
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ol o 52 Boheat 7 ieplabed i MRPEAK RN Hidh IR (RAHEUAS shikee My R0RAGE RFwhlch
mat ri x per meatouplesyo ar axial bore 49 pudvidedsiathe sleek 40at eri al coul d be 15

conducted using substantially the sanme configuration of apparatus depicted
in Figure 5, the only additional requirenent is that either the seal 64 or

anot her seal The sfitids28 snATBAXEbnAPuLSd TR ﬁ@ﬁnﬂ@%’hﬁa%ﬂﬂ{eﬁﬁﬁeﬁﬁ undér digep! e

in a simlar manner as described in relation to and as illustrated in
Figure 4. 2 024 inflyid cemsuwication witbale vaavbn souraed 4 is substantislly the shingiad the

pressure urce,10 has.he d i ac rge. r o

ot ce. o2y betuatety atiR ot HIRIEES BirhaRt i Roltiel ST ot e déeve A0 e e, .
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an application, the inpedance of restrictive tubes 30 and 44 nust be
greatly increased to inprove sensitivity to the reduction in the perneating
“fluid flow 25 f I 4s WM je ' , . . a
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t han é X th1)0'd" seab60.€Theseal g@ﬁmﬂ al\deasabbetrthapsripmcbed of the ldiscanfimdeﬁtemdstﬂadialﬂg
"second enbodi nent depicted |n Figure 4 npy . no irec relate to

measur emsft s pwwaacﬂxspa g % Sﬁ@emere% 13 0R 56 6&%@#@@8\@%&@ Surfacez26

unl ess enpiri gaje %&&‘fa"} PRid BipeNiohd Gres SR ekIonG2 HethceniHe FALEAGY Qavite' 28 and

at nospheric venting surtace dinensions at I stance between sald surfaces
i s obtained.
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WO 01192851 PCT/ AU01/ 00628 Figure Gillustrates application of the
apparatus of figure 1 for neasurenent of the perneability of a paint film
A section®ovi/@8sshows a paint film90 that has been prepaped/A106028i Ng
onto a surface which has subsequently been dissolved. The film90-5 is then
laid onto a freely perneabl e support medium 92 contained within a fluid

i npervious neans in the formof an inpern€abl e receptacle 94 and
peripherally sealed (96) to the receptacle 94 by a peripheral seal 9G

Here, a fl ui dtiel‘five sanfadefl of te maierialf 120 theherimvéfese subfacerarefeirs fo dnfstiface et thde

receptacle 94 by t di um 92. ct 32a .provides fluid comunication to
the gppar at us@érﬁp?%agﬁ}sé’pfnﬁ%ﬂm%wl&}l@@mhm Sﬂﬁm&onst ant vacuum
source 14 of Eﬁt%égﬁerélen iPorfinett Withdht ﬂiﬁﬁ g&#l}r?#ﬁ%dé@ﬁ%témlﬁ@ el HiRY eJ'Jegof

high fluid i npedanhce and transducer. y can now

.det er mi ned andholeeredvitycformed iretheimatenied mhidh is i flaidrconmmumitationomyiathed at
intervals for _deqgradation. ,Figure 7 is schenat,i.c.tepresentati on of, an
appar at us { n SHERNdig Atmasnheralenviropment, g%‘cﬁl% ictedh n Figure).asgxp in

i nvention forgjgaRsethilGedW)ai N i n perneable material. Referring to Figures
1 and 7, the gl uid capacitance vessel 16 has been renoved for clarity. The
vessel 1 Gnornmally serves as a conveni ent contai nnent of conponents and

BT beobot ofsebe 5 BB ih LT S5 S B Rrmd TR ety
transducers 18fthd4lectddD gt irfabe 26 A8l sdéhdiiraially wtelra}dlgsﬂﬂ{@ﬁufaw%o feand

44, the vessel 16 is redundant and sinplifies Figure The draw ng o

Fi glur e 7 Jl;ﬂas hm@tqﬁialalz. ahageseal 64 faspys adbid imperyiousanca oamlgiﬁmﬁﬁ betweerf thaifbhid
train gauge NAVRRRTY 56 astORRa AR oitsle Rt a0 b AP ey Sthsf ot e MERRANAGefer
strain gaugesFigreaichn@f A with the fdfl aj@H of RelL60 ambe4 sbiif% SubsRmtidlly &eﬁa&-.&

a constant vacuum source l1l4a is connected via duct | la to high flui
i npedance tubes 30a and 44a (R and R2), thence to two cavities 28a and 28b

respectively, § . £5 [ 101.. Jhe.lt3 and
R 30 reai o oD iRt ts3pficdd o el £ N bR Abbiepidtes el e 70,
through tise niittl itrahsidktpetiod agonstumet(§tegiyt stale) vadtnimivwitl exidy ir the FlukBAow RaviaBsh.
The at rmspherzig air |(p re ésmirﬁt ) ﬁ\g 01/,92851 -14 PCT/ AU1/ 00628 the
cavities 28a #hbeneath ‘&g%ff the fwid faw ¢avitice8 banegthdhe deeverif) chhigereatgsa | s
r epr esent ed g : S 3 i

ot al | at on Pieesere kAL SMIEERS Bavilltd 24,38 oh o, dloThding Sfonment.

conpr essi on oAssuntieg that thefmateriald 2/as stme degreaoBperivicakiling airlibhblk ¢ pdrineate
gauges whereip a nge.in ctrjcal .resistance occurs,, the cavitie
experience a @\ﬁ%ﬂ’%‘gﬁ? ﬂ’%@h Bh y_PP.%ﬂ‘e i‘BpeéY@Héﬁ'i‘}éS/fqglqr}?ézpéé Wetiﬁi lity
of the tegf "BuRldadtied 88, %&ﬁe\ﬁﬁdﬁ%‘ !Fhﬁgl&vl?'ﬁroﬁﬁé’dsta' fady S ditrerciflal drlsshiek®
manner to strain gauges in a half bridge cohfiguration; one cavity s
attached to aawossithecorrasgendjng hightfbid irmpedancediestrjctidn tubes 30yet4ontieh wils be

attached to 1 suf f ace undey.goi.ng corpressi ve | oading. In a.further

anal ogy to a 81?61&}’#%%8??{&{]% fhgﬂia%@j? s&?ﬁ%aﬁf’g?%?aéhn%dlfeé’{lﬁeasur ed
across a diffgilippitéBintds Scadd 6 LpdrmBaliHLC Accdfiingly ﬂi@klpx»aﬁﬁﬂm%aﬁ%r@idé’bm S
32a and 42a to the RI/R3 and | R4 jlunctl ons resPectl vel y. Conductors 20a

provi de el ect measre afthe spacifie pamenbiliprofthe materigl 12:nBarticularly theapparatus 16r der

and ada (R - oyt A6 A ERed 6 spl e deeaity e SRTIE AE BripigR 7
spiral w ndi natrixepermbatsilitynda sleeded0)onbothet ween adj ust abl e pressure pl ates.

Al ternatively, 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 Fi gur ekﬁoﬁaq%ecﬂﬁts %ilégﬁlﬂg f@r stabRlisaftbn 6A%E Wiclli %tﬁferﬂl g%aﬁo(t@'yS% l%(ﬁESZ

anal ogous with a straln gauge, for exanple, represeniing igure
7. 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




A portion of concrete 1 Ol has been sectioned to reveal a cavity 28a

defi ned under an elongate strip of inperneable material 24a seal ed

peri pher ab@ot/esshe concrete 1 O 1 by a 2 5 surface coat olpca/Adodiods2s

i nper meabl e seal 120. Simlarly, a second elongate strip of inperneable
material 25a defines a cavity 29a and is arranged at a predeterm ned

paral l el distance from 24a/28a. The cavi tyIQQa serves as a weat her proof

at nospheric reference being fluidly connected to atnosphere via duct 33a.
The cavity 24a disndtérlesH thathatofthe hbled2y The Puriosd etk blinke68ie sRiphel & redficd he
system 10a of Figuyre gga{éd hence . is, 3 0 connected to the vacuum source l4a.

Wth specificthe Forion pfdhgholg constituting the finid flow avityr 38 thereby
t - | indicated b
the bl ack. ar  edutflg o i adauited o evaofifd tnc oy S BEH ik fSfhe, "G00 ™

.between the atomsiehesmentofitlietpermCabiltiyandawrementium cavity 28a. M cro-cracks
in the surface of the concrete 101 open and close with variation in applied
stress to Hroduce tlus effect. 'The fluid inpernmeable seal 120 is extended
sufficiently | ' ' al i - Figure
9 shows appli ?:rg(t)@%fr)\%loé} S?H?g\@%l?g%%ét&wghgﬁ%%ﬁ&r@%e ﬂé.”%ﬂ&?%ﬂ@’ ?‘:J»S
construct ed opreferaitledo eptirhise the @tiviof thelid imperdiofiShreas er regions 62/66 with the

f ' 100 th i f the .huil di, i d 10 t trai
s eces 00 Gh e 514 Sl LARAE 1, BB Bt RISt
| oadi ng. A cogkdt indiighi@ 0a8 ﬂ&eﬂlﬂmi’xﬂbérkfoﬁs HRa B9 iR YmaliRerd Qﬂﬁﬁlwg?h

content in concrete can be provided.” This can be achi eved direct
el ectri cal0 cohelween thet cavity 28 and therfice suifagd afdheimaterial 26 wily bertomsshoit te ptavide

amount of water in the mnuscul irfl ow.over rede mneq ti
correction maf® B@"EV'WWFWE%OE%W%ﬁ@Wfﬁe @ﬁ@ﬁf‘@hﬂéwgﬂmgﬁhﬂ&% a
devi ce wher ei gufficiRUSAAFPPAR1rh B tBé RiateMab 12t ;%rbemetaﬁ_aeairhte dadtHy tt Ur €
and alter capacitance and hence frequency in an e | I at’or

e~

ectroni c osci
circuit. 2 0 Rewcahiity.chivknovenheweer thabafter@ssrtainidistanceiopmadivs s tbeen

described in ideodt MLl rent. hose. skilled i.p. the rel evant
arts that nurrge%%ﬁeéf fﬁ%‘&ﬁ&r Bﬂﬁgﬁﬁ e%’ﬁyé’?i%ﬂg lsr&élgﬂééca "tu;! oty

depar ti ng g r oferideabilitf easurstaditibyexeadighe fluidimpexicis! fea 62) The AR bEitwWeen
shown in Figure |I depicts the use of a single disc 24 for providing surface

per meabi | ity Hheoutersigmeter of the grea 52 and thenawity 28 aen hafound eppirinaipiforia v

However 2 5 i | 24 . ve ' '

order ot st PRAFRE IR 1 R Ry vy GRadtios3, G bBBNIREHH G aldds

permeabi l ity esvtretEby the spals 60ahd b4 tye apprximsieRthésashél anot her vari ation,

perneabi lity measurenent of a |layer of concrete at a selected depth 3 0 may

be acconplished by providing two el enents of the configuration of Figure 3

to produ a | L Quy: , | | LS b S

to producs a i berbr BlicaBBe, d Suldliey OF difs 24/oP AL 4 Wit bSHRIsORIY seals
60/64 can be arranged in line groups connected to one high fluid flow impedance or as

O

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  simultaneously 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-



PCT/ AU01/ 00628 Further, the inclusion of the vessel 16 is not essential and
| argely determ ned by the capacity of the constant pressure source. 5 Wth
respect tovebi/edssr neasurenment, |iquid instead of gas nmay becapvRsd8t €
such as in subnerged applications. Further, in the enbodi nents depicted in
Figures 7-9, the cavities fornmed on the material for which the strain is
neasured are illustrated as being forned ohlthe surface of the material.
However in a simlar manner as illustrated in Figure 3 and 3a, the cavities

can be for medcoupled soathhtthe bppdr£usto eikesthe ndasiidment'efhonpstirfice &f dupfase and
vari ations togethe wi th others that woul d be obvioqQus to a person of

ordinary ski | permea llli&}’aﬁur @tmem%eqbdlmomqbqlhmas@@b of the present
invention the nature of which is to be determned by the above description,
and the appended cl ai ns. WO 01/92851 -17 The clains defining the
dinvention ar eAammubhm\sboveﬁﬁte@hﬁibhﬂnﬁﬂﬂlc&uoﬂoaBOWMUWO(DnS (F!‘tlﬁp() dbistribed

nmeasure of_the perpeability of a ri i.ncl d] ng at | east:
substanti a | ya%k Q’ct%l‘iﬂ'?g Fﬂ’Rﬁ‘i"ﬂ“ﬁ)Paé'ggﬁ?rg’ ‘é’g]JJF mcea@ratwnémembedm% of ous

means for JUX%@@? laoem&qh whe Bm&em &gere&eq? FRARE N, &8 uﬁgéqaﬂ&s Fochyeen

sai d nmeans an material a corresponding f 'ow ca a high

fluid flow i n’qmtkdnms Mﬁsatxdrdlsplﬂ;wrﬁ@ and gD maypebiake thef forth of fifat d&mib&d ipati on

between said pres ure our nd sa d fluid flow c seal i ng neans  for
j uxt aposi ti on'EJ fR adyay agﬁ@%‘F’FQHPB" t‘l‘?ﬁéﬁ%i@%& Bay.apparatys igdhatife o

fluid inpervi awmers@gteeﬂobem@ggm@wéu Béluw%éi ;‘qgf(xﬁé‘t‘cgﬂﬁxﬁlof)&lt%‘?%sﬁ fohAce

of the materi al means measuring steady state eren
pressure dcr omstemmnrth'eg.hf flesiied, the msﬁ&tymﬁdﬁatpperaﬂmauan bt dnqoeased idinitely by

measure of the perne bilit erd The apparatus according to
claim 1 wher efPRt® ?ﬂpﬁ%le e\éﬁmr?é’iﬁl?d}?‘gﬁhﬂe@w& ipedanteSat  seals a peri pheral
edge of said article at a surface of said material and extends fromthe

peri pheral edge to define said fluid inpervious region. 20 3. The apparat us
accordi ng to Ewtheripthisdn aifurthes applicationathe apparatias i @ainbpeonﬂgumd arans

I ncl udes a pl s sai d ki oal . 4 e .appar
according to @Iﬁgﬁ?%gti[rhﬁgﬁgtﬂt%%lkg%ﬁtﬁ:‘eéggqrfa&ﬁgefn?ﬂtb aSSQWQg%
i ncl udes 1& s| @fivef MbrHab®Ehad a dribk VO'd(IﬁﬁhEethbdiﬁﬁnt ﬂaetHHékfiQiﬂlﬁéti-a%éd astﬁlﬁn

sl eeve extending for a portion of the |l ength of the hole fromthe surface

of the mat eriRoVided witha pyralityiefwpertures 7énbnt shprovisiannf@pertures ismot vécessaey.

hol e, the sle r [ ortion
of the length o? noqlﬂ%t% %ﬂh‘e’gﬂﬁsal gt(ggrséﬁegsg%én I r%‘ﬂl% %fpglcﬁ ﬁéﬁ)t y is
ﬂe}‘ i ned bet vvemperheusinmmdmlthe for offa rédiengulae elieet 29Uthat 13 skdled uuterPesiphérae

ol e.

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 area 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 area 26°.

30 |
Figure 5 illustrates a configuration for making matrix to matrix permeability



WO 01/92851 -18 PCT/ AU0O1/ 00628 5. The apparatus according to claim4
further including a fluid inpervious blank of a dianeter |ess than the

di amet er o dt2skol e and of a length |less than a remai nder ppiyAtdgoddsot h of
t he hol e between said down-hole end of the sleeve and the bottom of the
hol e, said blank deposited in said hole prior to the insertion of said
sleeve. 5 6. An apparatus for providing a- Heasure of pernmeability of a
material including at |east: a substantially constant fluid pressure

source; at | emedsuediteritiifi abufld mhtelrial 1€ Ti bOMParidOANS tIRAPpatattis 10 RERIEITH on the
material to 10 define, between each first neans and Said material, a

‘cor r espondi ngFigprest and thearmngsmenkin Figurer3, the comfighrationiniFigure s difforsianbat

means provi di ' i C ' ' Lon bet sai d essur
source and satlﬂg d ﬁ%?’tlg ?ip ﬁ‘?%a’f @8v¥ée%g‘%ﬁc|82§?pﬁ%%§#g%eeﬁﬁ &gﬂe@&sﬁeﬁ“? 26 of a holé

-j uxt aposi ti on78forinedl v theebudk inateriatd @, thefsedl4 dehldiahrddber SiPBE/dred 'sf thEans t o
define respective fluid ippervious regi ons between said first fluid flow

cavities and BeieHaklZ forthisaogard.theseshbbextands aleng the surfaneef shesowtarial 12 fgom
et er a1 Saeney ) & AR el 00 B8 kg Bl Bhl B bd 74 vt

material in a nmanner to ween
sai d hol es, &7& cAlsestherseilrtd extendsfor falpoitibnf dfdhe ehgiht dfdke hole 08 sethenswéi gh

fluid fl i i di hi gh i d fluid i i
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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 2 and 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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Esux{~/* Z  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, a 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
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Figure 8 shows detail of a typical cavity performing a function analogous with a strain
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
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. produce this effect. The fluid impermeable seal 120 is extended sufficiently to provide

5  weather protection, especially from rain.

Figure 9 shows application of the system 10a to a high rise building 115 constructed of

concrete (101).

Cavities 28a and 28b are attached to surfaces 100 on the sides of the building as viewed
10 to measure strain due to a force, represented by a black arrow, produced for example by

wind loading.

A correction to 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.
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5  With respect to strain measurement, liquid instead of gas may be appropriate such as in
submerged applications. Further, in the embodiments depicted in Figures 7-9, the
cavities formed on the material for which the strain is measured are illustrated as being
formed on the surface of the material. However in a similar manner as illustrated in
Figure 3 and 3a, the cavities can be formed internally of the material.
10 |

All such modifications and variations together with others that would be obvious to a
person of ordinary skill in the 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.
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to define a fluid impervious region between said fluid flow cavity and a free 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 1 wherein said sealing means includes a seal
that seals a peripheral edge of said article at a surface of said material and extends from
the peripheral edge to define said fluid impervious region.

20
3. The apparatus according to claim 2 wherein said at least one fluid impervious

means includes a planar article for placement on said material.

4. The apparatus according to claim 1 wherein said at least one fluid impervious
25 means includes a sleeve disposed in a blind hole formed m 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 fluid flow cavity is defined between the down-hole end of the sleeve and
30 the bottom of the hole,
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10  define, between each first means and said material, a corresponding first fluid flow
cavity;
first high fluid flow impedance means providing high impedance fluid
communication between said pressure source and said first fluid flow cavities;
first sealing means for juxtaposition with the material and said first fluid
15 impervious means to define respective fluid impervious regions between said first fluid
flow cavities and a free surface of the material;
at least one second fluid impervious means each for placement in respective
holes formed in said material in a manner to define, between said second means and a
bottom of said holes, a corresponding second fluid flow cavities;
20 second high fluid flow impedance means providing high impedance fluid
communication between said pressure source and said second fluid flow cavities;
second sealing means for juxtaposition with the material and the second fluid
impervious means to define respective fluid impervious regions between said second
fluid flow cavities and said free surface of the material; and
25 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.

7. A method for obtaining a measure of the permeability of a material including at
30 least the steps of:

providing a substantially constant fluid pressure source;
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8. An apparatus for providing a measure of strain in a permeable material, said

10 apparatus including at least:

a substantially constant fluid pressure source;

first and second fluid impervious means for juxtaposition at different locations with
said material in a manner to define, between said means and said material,
corresponding first and second fluid flow cavities;

15 first and second high fluid flow impedences providing high impedance fluid
communication between respective first and second cavities 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 series at a second node to said second high fluid flow
impedance;

20  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
cavities and a free surface of said material; and,
means for measuring steady state differential pressure across said first and second nodes
to provide a measure of strain in said material.

25
9. 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;

coupling said constant fluid pressure source through respective first and second
30  high fluid flow impedances;

forming first and second fluid flow cavities on or in said material;
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measuring steady state pressure differential across said first and second nodes to
provide a measure of strain in said material.
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