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relates to a temperature monitoring system, apparatus and method for
monitongrhes lemperateie-0ha sapiie seaciantyRdEgoNgiaMeaslion. for
Backgrcb)émd. th It is ofit:%n important gg monit%r theRtem erature changes

of a reactant systent as tu gg%%‘é% cHemital réactisn. ORe gi’frﬁﬁ% is

the temperature rise during the setting and hardening of concrete, which
is very important for concrete;, stilciures becayse it determines the
structures ultimate 15 strength. The properties of concrete and
cemehfifiols SRardrials sre Soily aersiddd by tié eempusitontelipsrature
miaredients and thegondiions-during the settinaidng hardening Precess; the
Should the concrete or cement be damaged during its setting and
ARG ihg - thedetrotliBt may e Wk 20P4RT 0BRe: b Satking??-
necessitating the concrete having to be replaced, thereby significantly
increasing construction costs. Information about the properties of early
age concrete and its development intime is therefore very important. 25
Furth&fméfe, Sfisdesiiabie it thé mfoanation abost firreshpaygeof hanges

ogoncrete;be ohtaingd;eprsitg Jo epabledeal; tine ramediahactipndeden. one
taken at the constructions site if necessary. One property that is important

¥ ofitor f8r e5HY age®¥OCTHHER isTthE QdidbHi e mpdausidsy  and

 hilelconergtends doundergees hiydegtion sThe agiahatio tamaperafise risergfrete

sEpneete has heen8,topiq of inigrestgnhe cqntiol of NAMALIEleth ¢ imate
cracking of concrete to many Civil engineers an chemists. IS IS 3g .
spbeeadsd an excEBsivertioreskiinthe dffferentiditefifperatife Tyy@ntitious

mgQgﬁi@@lz%P@T§@g995lgggé%?ained by the composition of its

ingredients and the conditions during the setting and
hardening process. Should the concrete or cement be damaged
during its setting and hardening, the set product may be weak
and subject to cracking, necessitating the concrete having to

be replaced, thereby significantly increasing -construction

costs.

Information about the properties of early age concrete
and its development in time is therefore very important.

Furthermozre, 1t is desirable that the information about the

[

early age of the concrete be obtained on-site to enable real

time remedial action to be taken at the constructions site if
necessary.

One property that is important to monitor for early age
concrete is the adiabatic temperature rise of the concrete as
it undergoes hydration.

The adiabatic temperature rise of concrete has been a
topic of interest for the control of thermal-related cracking
of concrete to many civil engineers and chemists. This is

because an excessive increase in the differential temperature
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across the concrete core may lead to the development of undesired
thermal stresses during the hydration process, leading to cracks and

wO mastaggoubts on the integrity of the concrete. Most commercigt canices) 22

available for monitoring 5 the adiabatic temperature within the concrete,

adithesto, -empley gither-@), a-reactonghambesplaged within aycantigedne  or
environment of an oven or ii% a reactor chamber and/or an oven which is

wWRETGhBEguERTEd By a retcirduisting Hifd B cortrSiled Eperktlres® 165255
ieTatte;aQiabatic:@@nﬂdtiowdf a;aem:togar@cmﬁuaﬂy oeffeﬁdlmi by asingley of the
cofgl:guard” (anJpsulated neaten, using, Only single pojt measyrement on. ;
the sample or its surface and hot-guard control is performed with an
thpprapiales Edhtrol SIgBRLHINORe khoWH-8pparatus handleetisazardbiberto,

el BnaVayygactions; with externalheat additignfe simulate.aaexplesign, =
of the reactants. Another known apparatus utilized a medium jacket where
CRRETRAdiGMh WAY ST eamRtothe PehctorSRes8dl ahli'or the B5S@&GHRTF ovaimber
arid Achieve adiahatit:déahditien®<hhejover: 20 eaviednent is cantrdlleddating
£ x{gng_j:firciréglgggﬁ g&ecég%? e@ﬁ%rsevghich in turn contrc_)lled the re-
circulating air medium, flowing over the réactor vessel. This approach
enablsctheadagionvesselapibtifiarded with minimakisdattoss howenerally

=g Peed tphayeamegxternally 25 cantolleg-oven eMitonment nakes it ,,5ing
cumbersome and expensive to operate on-site. Another proposed

ObYutiBh IS p SRt af BAITBRAF Mealtire et SEPRS U0 Hé surface
arfeactestHagtaraperaurer stheme was:essantiadly thatof a mediwppropriate

jacket. Another 30 aratus used a vacuum guard placed over a sin -
c#l% rol . a gSOSreJFTt:%%R .&me ?cnowrﬁveaﬁgag[ tug ?rhan&/lec? lh zardous

le
-guard V O minimizes convec SSSGS. € Incorporation
rwiavgatuand clidmber miatke tha designlfaligedlurasyiThem is @ rdeditbate an

o:oWde o, temperatureneRitorng apparatus, system and method for
monitoring the temperature 2 PCT/SG2005/000322
Another known apparatus utilized a medium jacket where

the medium was circulated to the reactor wvessel and or the

external oven to achieve adiabatic '‘conditions.  The oven

environment is controlled by external firing of the

electrical  heaters which in turn controlled the re-
circuiating air wedium, f£lowing over the reactor vessel. This
approach enables the reactor vessel to be guarded with
minimal heat loss however the need to have an externally
controlled: oven environmentamakes 1t cunbersome and expensive
to operate on~site. '

Another proposed solution incorporated an additional

measurement o©f pressure to the reactor. The temperature

scheme was essentially that of a medium Yacket. Another

apparatus used a vacuum guard placed over a single hot-guard
vessel to minimizes convective heat losses. The incorporation
of a vacuum chamber made the design fairly clumsy.

There 1s a need to provide a temperature monitoring

apparatus, system and method for monitoring the temperature
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Received 28 July 2006 of a reactant system that overcomes, or at least

ameliorates, one or more of the disadvantages described above. 000322
Summary 5 According to a first aspect there is provided a temperatﬁgri’;igé%oziy 2006
‘monitoring system for monitoring the temperature of a sample reactifft

undergoing a reaction, said temperature monitoring system comprising: a
housing having at least one inner wall defining an 10 enclosed chamber;

leas first temperature sensor provided on said inner wall of said
ﬁtgué?négcga%é% (teC 0 Sertlgfﬁgﬁ e %er%ﬁgfa OF& of safd het Giffofasd torates,

ABEsing; ASample ddrtaiher provided wvithinisaidrdhamberfor«15

containing said sample reactant therein; at least one second temperature
sensor capable of sensing the temperature of an external surface of said
sample container; a heat pump ca&&’é‘l@ﬁl’ransferring heat to or from

said 28«chamber; anda C@trojlgfggpalalgp@‘énonigq.{gygethejjgmpgg%t%e ed  a
of said samrple reactant and capable of operating said heat. pump base

6 The oUtpUL from Said firdhndrsdcdhd tempBritd i SeRgorshe  temperature

- slibstapdalhl mairtairt athermatieggitibigma 25 therebehyean Qne: emperature

&&Q@mﬂ% may, EBWpéi&ﬁpat 1€ast one third temperature sensor capable

of sensing the temperature o said gs_ample reactant as it undergoes a

reactich \%iﬂ‘ﬁﬁ Sag duhipled corftaine it usertheicontiolleramay Usethd ng an
ontnut-ef-said Sh-third temperature sensor to monitor the temperature of

said sample reactant. Advantageously, in use, the temperature

monitoarﬁwgl‘aﬁﬁgra?lﬁ?mgiﬁﬁfinifo‘?“ﬁﬁ@%%ﬁ’éﬁé?ic%@%@Fat&l@ﬁ@ei@ﬂg on said
sampleweattant usangoing aieactiapasuch as epdathsrRicas L%%%%EE; ture
SF asrg%otn-%@éc Q,gﬁzlolgl%lcsrgggtlgg 8; gggc’;rete or Amended Sheet .

a sample container provided within said chamber for
containing said sample reactant therein; '

at least one second temperature sensor capable of

.sensing the temperature of an éxternal surface of said sample

container;
a heat pump capable of transferring heat to or from said
chamber; and

a controller capable of monitoring the temperature of

‘said sample reactant and capable of operating said heat pump

- based on the output from said first and second temperature'

sensors” to  substantially maintain', thermal equilibrium
therebetween. |

One embodiment may comprise at léast one third
temperature sehsor capable of sensing the temperature of said
sample reactant as it undergoes a reactibn within.said,sample
container. In use, the controller may use the-output of -said
third'tempetatu:e sensor to monitor the température of said
sample_reactaﬁt.

Advantageously, in. use, the temperature monitoring

apparatus may monitor the adiabatic temperature rise of a

sample reactant undergoing a reaction, such as endothermic

reactions or an exothermic pozzolanic reaction of concrete or

3

Amended Sheet
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IPEA/AU PCT/SG2005/000322 Received 28 July 2006 cementitious

reactants, without the use of a heat sink such as a water jacket. In one

embodiment, the heat pump is a heater for heating said chamber. 5 PCT/SGZOOS/OOOQZ
According to a second-aspect there is provided a temperature monit&#sgived 28 July 2006
apparatus for monitoring the temperature of a sample reactant

undergoing a reaction, said temperature monitoring apparatus

SOmRIRIng; 3 fousinghayina at leesk ane INNer WALACHPING 8R40 ook such
enclosed chamber; at least orle first temperature Sensor provided on ai
‘inAerwdl of said:hsasding; a sample container provided within said

chambeyfog, Loniaining saifsample reaglantthgrein; 1o atleastone . po.ving
second temperature sensor provided on an external surface of said
SEmpledstitafer; a heat pump capable of transferring heat to or from said

5  chamber:and® eentrelier capabla-ehmonitopagthe teraperatyte of20:ided  a
- said samaple reactant and caclj[)able of operatin%&said heat pump based on

the" R HSM sailf thdtaid BconPiitRpratite séRdors BYUbSPatTdy the
rmaipainadhermak £qailibEwmi ¢herebetveean. @nembodimentrefsaidon, said

%%99%9&%& MRLERMPIIRE al,23 Jeast.one fhird temperature sensor
capable of sensing the temperaitaure of said san?plie reactant as it -

. underg@est®udatgonwithindsaitsahfisie ton@ierl Mhase Mkl comfdileing  an
10 Bay usedhequiputef.said third temperature sensor to monitor the
- temperature of said sample reactant. 30 One embodiment relates to an

adiabatft cal§imbtet Eormphisihg: L RBES MG HavinF A REsPIY i wam said
defiing aal gnclosedisubstantially thermally insulated chamber;

T a sample comtéiner. provided within said chamber for
~ containing said sample reéctant'therein;
15 at least one second température sensor providéd'on.an
external surfaée;of,said sample container; |
a@ heat pump capable of transferring heat to or‘from said
chamber; and | | | | '
a controiler capable of monitorirng the temperature of
20- ‘'said saﬁplg teactant and capable of opérating-said heat pump
baéed on the output frpm said first and second temperature
sensors to ‘substantially maintain thermal . equilibrium
"therebetwaen, | _ |
7 One embodiment‘of said.secqmd aspéct may comprise-at-
.25 least one third 'temperature sensor capable of senéiﬁg the
temperature of said :sampler réactant as it -undergoes a
reaction within said - sample ‘container. In use, the
controller may Vusé " the dutput_ of  said third temperature
sensor to monitor the:temﬁeratﬁré‘of~said sample reactant.
30 " One embodi@ent rélates to ‘aﬁ “adiabatic' éalokimetef o
conprising: . . | | 7 | |
a’ housing having ét least. one inneriwall'defining an
egclosed substantially thermally insulated chamber; |
at least one_first témperaﬁure sehsor'provided.on said
.35 inner wall of said housing;

Amended Sheet ‘ 4
IPEA/AU



at least one first temperature sensor provided on said 35 inner wall of
said housing; Amended Sheet 4 IPEA/AU PCT/SG20051000322
Received 28 July 2006 a sample container provided within said chamb&CT/5G2005/000322
for containing, in use, a sample reactant therein; at least one second Received 28 July 2006
temperature sensor provided on an external surface of said sample '
- container; 5 at least one third temperature sensor provided within said
sample container; a heater capable of heating, said lij}amber; and a
controllegr cé%%a I%eof gr?en%ﬁﬁép Said ﬁlégﬁa]fca)%géed” 5?‘1& he o&t%ﬁ%fro%l%ré%e r for
fifstrdiTdl §é¢ohd température sereots andatO sapabiesofernonitoring the
output of saigdhird tepperaiuLe SensapNhere(n o use, said copoller. s o, an
operates said heater to substantially maintain thermal equilibrium
petveER Bhidf Hnke? “Walt bf SaittIiHiBerard sarie&ral surface of said
5 sample 1b costainer wvhile sranitoring the: terpperatuse 0f said SaMNl8ed within
rg%(f nt grr[];d? oén%fgarfgggqn. According, to a third aspect there is :
provi ed a method for monitoring the temperature. of a sample reactant
undergaing@areactionpsdid emethodsomprising the stepsefr 204p1aviding
a samplg reactapl, in a sample containgr conjained withinan gnclosed, .,
chamber; monitoring the temperature of said samp[fg reactant as it -
UrRrGoE P4 red&tith: S ritdridesthedethper atere diffsteataltbetwespraprs and
10 25pdemnal surfacenfisaid sample-coptaipar-andqthe suface,of- @ninel racure
~wall of said enclosed chamber, wherein said temperature of said inner _
ﬁéﬁfl%orﬁbnitored using a temperature sensor provided on said inner wall;
and maintaininigrsubvstastéally themnalequilidriver bepweern 890 saidd heater to

:%%5&9@£§H?§%§QfﬁQEL%ﬂ?Rbé%%Q%er8&95?& ggﬁ% betweén said inner
wall of said chamber and séid'external.surface of said sémple
15 container while meonitoring the temperature 5f ‘said sample
reéctant‘undérgoing a reaction. -
| According to a,ﬁhiré QSQeét‘there'is progidéd a method
for' monitoring the temperature =~ of a sample reactant
'uhdergoing a reaction, said method comprising the steps of:
20 7 ptéviding a sample’ reacﬁant in a sample container
contained within an enciosed chamber;
' monitoring the temperature of.said sample reactant as it

undergoes a reaction;

.monitoring' the teﬁperature differential between an
25, external surface of said sample container and the surface of
an  inner wall of said - enclosed -chémbez, wherein said
temperature of 'said' inner wall ié 'monitored using a
temperature sensoﬁ provided on said inner wali; ahd
maiﬁtaining substantially thermal equilibrium between
30 said external surface of said sample container and said inner
Wall of said encloséd chamber. |
In one embodimeht; ,thefé is provided a .tempéréture
- monitoring apparatus' fo; monitoring the temperature of a
Cementations‘Qr-concrete‘material dnde:going a reaction,'the
© 35  ‘monitoring apparatus comprising: ' |

,_Anwmkd&ma ‘ : ]
- IPEA/AU :



wall of said enclosed chamber. In one embodimentr,] there is prtowde?aa

re monitoring apparatus for monitoring the temperature o | :
E:eerr?]%irgtlijons or concr(-‘?te ?npaterial undergoing a reaction, the 35 PC’I;/SGZOOS/OOOBZZ
monitoring apparatus comprising: Amended Sheet 5 I_PEA/Al_J Received 28 July 2006
PCT/SG2005/000322 Received 28 July 2006 a housing havmg at least
one inner wall defining an enclosed substantially th.(_armally ms_ula_ted
chamber; arhleast_one first temperature sensor prpv[ded_ on said inner Yva!l
of said héusir?gu;%lg%aﬁ%‘fé’E%nt%ﬁwellﬁrf”&ﬁde‘é%‘-lthwgaflﬁ chahibedddiining an -
contaihinggdn uges saittdementatiensan agncrete matesial Shersin, at Iegst
one secq)\d tegpegratyre. sensor provided on an external surface of sai

sample container: 10 at least one tﬁ?fﬂ%ﬁﬁfé‘ﬁ&ﬁré@éﬁé’&r ptevitkdpditisin  said
sditrsainpie doredines ia hbatericapable of heating said chamber; and a

ontrolle Capﬁpi[ﬁ fo ' id heater based aon. the output from said

’ ;rst andie,cond te_?npé%ﬁggg %eé(?sogsggﬁ %@qg‘ﬁéﬁ%l& ﬁo%%rlﬁﬁ@er .fgr
oGtPUT Bt BaRPthird feris&ratufé isensensitierbirrinauser said condoliematerial
opbrated said heater to substantially maintain th_ermal equilibrium _
between %aiqgenansetr wall of said chamber and said external surface of said

sample 20 container While W&ﬁ?&in@%ﬁ@%ﬁb@%umd provided on an

ceffferkatidnssordoneretd m:aidadabamiimd@dsgﬁeggégact;on. Ac_c;or_dlng

to a fourth a there.is ided a portable apparatus for monitorin e
1 the adiagl‘g%tti(fl %grﬁgergtl;ﬁ?e %i%\é()gf a?t gc?ﬁ%?gt%t&rcen?eﬁﬁﬁiﬁﬁs Rfaghded within

ULy AR ©5q@akiibRethe apparatus comprising: a thermally insulated

housing-hawdag a:chaiphen defized, dhatyesnaal fgash one inner.side wall, a -

bouon1gm%g§gggller capéblé of operating said heater based on

.the output from said first and second temperature sensors and

15  capable of ﬁ@nitoring the output of said third temperature
'.'.sensor,' | , 7 ‘_

| wherein in use, said controller operates said heater to

substantially maintain thermal equilibrium between said inner

- wall of said chamber and said external surface of said sample

20 container while monitoriﬁg ‘the - temperature of - said

-'-Cementations Oor concrete materiél-as it undergoes a reaction.

| According to a fourth aspect. thére is ‘provided a

portable apparatus for monitoring the adiabatic temperature

rise of a concrete or cementitious material undergoing a.
25  reaction, the apparatus comprising:

a thermally insulated housing having a chamber defined
bétween at least one inner‘Side'wall, a bottom and a top:;

at'least one first_tempefature sensor provided on'at
least one of inner side wali, said bottom and said top for

- 30 .monitoriné the surface témperature theréof}

a sample cbntainer disposed withih. said 'chamber for

«containing said concrete or cementitious material undergoing -

said reaction therein:

Amended Sheet G
IPEA/AU



at least one first temperature sensor provided on at least one of inner
side wall, said bottom and said top for 30 monitoring the surface

wo 200€Bpgkature. thereof; a sample container disposed within sgig-gkapeesdes-
containing said concrete or cementitious material undergoing said

reagtion;thgtein; Amendeg,Sheet 6, IREAML WS 2006/036129 ded within
PCT/SG2005/000322 at least one third temperature sensor provided
s akgithhREIPsaniHIE tohtinSPERabTe GFseRSMTE tdhperattRGF aF ©F
sa iconcreigOfcementitious mataraliindesgoing saici seactiomng Sratdeast oneaid
ahcet%'fgr foil capable of heating said chamber; and a controller capable of
operaﬂhg said heater foil based on the output from said first.and second
5 temperatiiee sénserseand-eapable dfiandnitcrmpthesoutplit ohsaidithitd said
chadd-temperature sensor, wherein in use, said controller operates said
heater foil to substantially maintain thermal equilibrium between said
innét 7N bF SdidchaiBe it SdidWaenal BFface Of safd §amifte L Pased
on Containewhite moniforng dheriersperatute ot dbrshid-eapereieate sensors
ementitioys mateéial undergoi:rignsaid r%gctioghz VQ;{Q 20C()) 10%%%9
MPCTis 3/000322 "{S&fnitions The I% owing Words and termis lised
10 tergeremtshradl ksvesthre, meaning indicated: The term “reaction' is to be
interpreted Broadly {958 includesa progess invovinga chaage D4 heater

arrangement of atoms or molecules of one, two or more reactants to yield
folhe t6r nfotegrBBGARL) Whills AFd-8itrePFERPthe FERGAARE) MphdPetween
sa fhapgadt the:arangenentioidhenalems ondnalacules of «said Teactapt(sy of

ay include a dissociation, recombination, .
sa{g.ysampge container whg e monitoring the temperature of

re

thirdg

15 said concrete or cementitious material undergoing said

reaction.



25

10 or rearrangement of the atoms of the reactants. The reaction may
include hydration reactions and pozzolanic reactions, silification reactions

wO 208aabiing hydrolysis reactions, recombination reactions anggeggRiyEess 22
reactions or any other physical or chemical reaction. 15 The term "heat
pump” is to be interpreted broanlyston inciugdesany device or means

capaﬂlle o%trﬁnsferrin heat to or from the chamber. In one emb q1| ent,
the heat pucrbnplrcﬁﬂé%/n%gnmgﬁ:g Féa%ﬁ e (ﬁ%négétiﬁﬁ tiie %ﬁgr%bre}r,%ragh ;nh ave the
meggolirg thedelarnbeér, or it might be capable of heating and cooling the 20

chamber. lnone embodiment, the;heat.pump.may e a thermeelgelic ,  +o

. _heater for heating the chamber. In one embodiment, the heat-pump may
LngdugesiceoRRIORER for PeBOIT tRe BhaiiserIOnléss Speciffderathenmzet of
atthestesmsricamptisig " @ndoRb, "comprise”, madgraguaaticl yaiatsi e 1d one

C)Ithﬁelzre%f, ag:eoi?aerkd&q to Repggseant "O%er%"for “inclusive" language such o
that fhey” nelide rectted Si&meRts bt afso geriit intBiohst AG@HGRAIE (51 -
Thagnrebredelefrentshdsasearysmear thectBrnthaboat'virsthe contek of 133 of

sag@ncepyatiqns okgorpponents. of the farmylations ; typically means +i; 5%, on,
of the stated value, more typically +/- 4% of the stated value, more

OTH IR AISHESthe stifed GRS nftfe BificdiBa - ambsof th&ktategaction

maVyaluer €veasnorg, dypicaliv +/ri%-efitbg stategdvalye-and &YER MPER ctions,:
Sigjg’gﬁ%lé 35 +/- 0.5% of the stated value. 8 WO 2006/036129

20081006575 THiY3Eighotit s SisRBsurd e fahy Bhibodikfds Lons.
remay-badistiosedrieca tanges format. loshauid beenderstoeskihabihe or any
ot%grﬁ@ﬂp&igﬁng% f%%%éﬁe;fg f(gl){ cgﬁygnignce and brevity and |

should not be construéd as an inflexible 5 limitation on the scope of the :

disclbR8&d fatiERs. ASHFdiRgRP thelGeskriptibh ofiatavgeshedld beoadly - to
ineoRsideredyo have cepesificaliv disclospd gll dhepossible SHEADGES BSat to
orVELSR MAYIIURLRRerical yalugs within that lange. FOLexamble: ums may.
only be capable of heating the chamber, or only cooling.the
chamber, or it might be capable of heating and cooling the
chamber. In one embadiment, the heat pump may be a
thermoelectric heater for heating the chamber. In one
embodiment, the heat pump may be an air conditioner for -
cooling the chamber. |

Unless specified otherwise, the terms “comprising" and
"comprise", and.grammaticaibvariants thereof, are intended to
represent "open” or "inclusive" language such that -they
include recited elements but alsc permit inciusion of
additional, unrecited elements.

As used herein, the term "about", in the  context of
concentrations of components of the formulations, typically
means +/- 5% of the stated value, more typically +/- 4%‘of
the stated value, more typically +/- 3% of the stated value,
more typically, +/=~ 2% of the stated wvalue, even moré
typically +/- 1% of the stated value, and even more typicaliy _
+/~ 0.5% of the stated value. |
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description of a range such as from 1 to 6 should be 10 considered to
have specifically disclosed sub-ranges such as from 1 to 3, from 1 to 4,

wo 25Rmsé8 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as Weg /_é‘lﬂi(\’(ig}d@dnz

numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies

regargigssofibetbreadth ofitha-ranger-ds DetaillediRisclgsUe At nts may be
dEm?odinglents Exemglagy,yon-limitin embodiments of a temperature
CLOSE 11 & =)

‘Honitoring apparatis for moniaring the teAparatre of A SampReteddtant the
darergtingra réactionnaeill Howerdisciosed 220 Thettempesatue i cnce  and

b#RQAiQrIng,3pparafiis,sompuses ajjousing Aaving gt least ong innerayall ;)
defining an enclosed chamber. At least one first temperature sensor’is

1 gpélaedBh tie FiiferavaPef §4id Hetisits Thesgsharaigcsso toamprisbsaly,
tife Sajaplere@iamer provided within the ghamberdar coptaining2said, nave

sample reactant therein and at least one. secqnd temperature sensor
S%?g&%% a%ffgnéelx éjr%%?%@rf??%e{01%15‘1dpgéﬁﬁb}%lc?orﬁb}aﬁ.aﬂﬂ%ﬁsﬁﬁné'ell as

. inkird iempbraturessensor is7alsoprovited withirhthe sample .coRtainefxample,

deTJI?r%BEﬁE?ﬁUS oHSOLOMPHZES aNEal pump C@B%%eo‘%?f Urapsteing NSty be

to or 30 from said chamber and a controller capa operating saig™

cHERtEebased on B ButpRe bl saliysthierdeordl fatperges such as
fisefsoreand capable af menitoring gie gutpyt of spidthird temnperaiyig, 2 1o
¢ sensor. Aquﬁntagé)eousl , in use, said _controller operates said heat pump .
to StiBStantiall§ maintain 35 RErmTE thuifSriuhPBETIEME Saith RSt alFéfhin
thsdid chamber W 20061036129 PCT/SG20,650) 04nh3 2@, andisaidpplies
=&3eal surigee of saicksample antainer while monitoring the
temperature of said sample reactant undergmﬁg a reaction. In one
embodiment, the heat pump is a heater. In one 5 embodiment, the

controller determisesithedemperature. differgntiabetwesn.said first and

secoEd tegferature sensors and adjusts the differential by turning the

Xemplar on~ . ) -
heatefon Y, D imiting  embodiments of a témperature

monitoring apparatus for monitoring the temperature of a

. sample reactant undergoing a reaction, will now be disclosed.

The temperature monitoring apparatus comprises a housing
having at least one inner wall defining an enclosed chamber.
At least one first temﬁexature sensor,. is provided on thé
inner wall of said housing. The apparatus also comprises a
sample container provided within the chamber for containing
said sample reactant therein and at least Qﬁe, second
temperature sensor provideg on an external surface of said

sample container. At least one third temperature sensor is
also provided within the sample container. The apparatus
alsg comprises a heat pump capable of transferring heat to or
from said chamber and a controller capable of operating said
heater based on. the output from said first and second
temperature sensors and capable of monitoring the output of
said third temperature sensor. Advantagecusly, in use, said
controller operates said heat pump to substantially maintain

thermal equilibrium between said inner wall of said chamber

9



or off to substantially maintain thermal equilibrium between said inner wall
of said chamber and said external surface of 10 said sample container. In

w0 2008ns@mbodiment, the heater is turned on when the temperaterecatpWwhai22
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said first temperature sensor is less than said temperature output of said
angecoaddempearaitite 1sensarf A5dn arfe emaldetimenipthe heater-s turnedyniile

off when the_.temperature qutput of.said first temperature sensor is :
Mo e fian Lad 1o BerAIUTE Sutbt Sf Said SEcbnd tombbralire LagER° ™
a Adeaftagreously, the output temperature of said third 20 temperature

Sensgy 'Solél%edéﬁﬂBQﬁ%ﬁE? lenpReraluLe. ofggﬁpsam,oledreggm%s trn one

undergoes a chemical reaction. In one embodiment, the controller _
eTRGRHAERS a twibehan s REFDEIGhre cBREEIEHIT Anotidembodffera ture
dithes centroller coraprises: 25sntemperatise cortreller conpected temaisk-ature

first and_second temperature sensors and said, heater; and a monitorin
USRS Eor PR Sl tc ToE it B T oG R o
ortepiferaturs op shirh samble resciaritabnt (iidargeés areadtibr i3 The tween
sagantioliar,may, be cgpnected to.qgaphicaluses interacefon outut of s ce of

said third temperature sensor. In one embodiment, said inner wall is
saiphed@ié FefHerdai8%nclosed chamber. The inner wall may comprise

a removable cexeideraliewing aseess4a said enslosirenbu3Saanothesn the
‘ embodiment, %é_gmer wgll is cylin ical.gn% extendstlo WO s 1

“BB66/036129 PEFSG 2005600322 bétweeh & fop wall and &Bsttom®  +€5°

thwall. Thédoptwealpeeyther eemovabletfromisaid zidindisesd amder wallplarature
se %tti@n_other embodiment, said chamber is defined between four inner

walls that extend between a top and a bottom. 5 The housing may be

coveBd With afTBrReETRdUlatione afiéa THE hbdsitgphftrPhsulstien the

teldyermayhe coveres: of said first temperature sensor is
greater than said temperature output of said second

temperature sSensor.

Advantageously, the output temperature of said third

temperature sensor is used to monitor the temperature of the

sample reactant as it undergoes a chemical reaction.

In ocne embodiment, the controller comprises a two- .

channel temperature controller. In another embodiment, the
controller comprises: _

a tempezature “contro%}er connected to .said first and
second temperature sensors and said heater; and

a monitoring contraller connected to said third
temperature controller for monitoring the temperature of said
sample reactant as it undergodes a reaction.

The controller may be connected to a graphical user
interface for output of said.third temperature sensor.

In one embodiment, said inner wall is spherical to
define sald enclosed chamber. The inner wall may comprise a
removable cover for allowing access to said enclosure. In

another embodiment, the inner wall is cylindrical and extends

16
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with a secondary insulation layer. The primary insulation layer may
comprise cork material while the secondary insulation layer may comprise

WO mg&%%%rgene. 10 The heater may be disposed between the

nmary, o

Insulation layer and the housing. The heater may be a hea?er’ %ﬁ/ﬂmaﬂmuszz

disposed between the primary insulation layer and the housing. The
PEREEEY nfhy COMphEs bné'sY nFor@?o“Tﬁ?é%tg“f%Jtﬁat 15 are mdulietio e ¢
reatleast enefinmer wall of the housing: 4n onerembodimént, the heater mmaythex
erf QRIS M3l ol healey At xiends around apd SUOSIBNIAIY GVe1S.a11 5

the surface of, said at least one inner wall that defines the enclosed
thefrarmberehdP2d deseondfen heaterthBPSisstantially covers at least

one gfitheriop soMgr angithe bottermdase af 1he hausing: Atdeast oRgfation

the primary and secondary insulation layers advantageously eliminates

Laygar-floW thrdtighesdid indEr RAY o thE Hotishig thts4fimnitizihg therffay ST o2

- winbisesancerroa 2y that manadse duatceund?sitec: heat wenductionsulation

1:RAPs. HA insulation material may e aay materialihgthasg figh. . . qary
~ thermal impedance such as cork or polystyrene.: The housing maysbe .
1IngiatRTiom o relafvelp StroABHTeRE materal ¥4eRas aluminum, copper,

brasgox stegl 30:The tpmperature mopteringapparatissnay eampriss dnary
. plurality of first temperature sensors provided on the inner wall of the
IndEhg OFhe PUFRIIGST teHipePStird B8nsors  fdy e ffodhidd b6 trfe heater
fohherwalboHael tehyparatiiie nionitghirignapparatusahay complisg<r 35nd the
hOp)lur%lity of second temperature sensors provided on the 11 WO 2006/0

361 29 PCT/SG2005/000322 external surface of the sample container.

The Bheality ot ssecord tepsparaivie sensorsareiprederiblyimbgatedon that

arlBemsxiarnal swiageofthe samplecantainge I hesthirdtemprraliigsing.
sensor may be mounted within the 5 sample container and preferably, is
in(ﬁ&%teaﬁuﬁyﬁmﬂlment, the heater may comprise:

a first  foil  heater  that extends around  and
substantially covers the surface of, said at least one inner
wall that defines the enclosed chamber; and

a second foil heater that substantially covers at least
one of the top cever and the bottom base of the housing.

At least one of the primary and. seceondary insulation
layers advantageously eliminates heat flow through said inner
wall of the housing, thus minimizing thermal noise and errors

that may arise due to und%sired heat conduction paths. The

insulation material may be any material that has a high

thermal impedance such as cork or polystyrene.,

The housing may be made from a relaﬁively strong metal
material such as aluminum, copper, brass or steel.

The temperature monitoring apparatus may comprise a

plurality of first temperature sengsors provided on the inner

‘'wall of the housing. The plurality of temperature sensors

may be mounted to the inner wall.
The temperature monitoring apparatus may comprise a

plurality of second temperature sensors provided on the

i1
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the material undergoing the reaction. The third temperature sensor may
be mounted in the center of the sample container. The apparatus may

wo 20600 Riise a plurality of third temperature sensors. 10 The spppl®:2a43/000322
container may be supported within the enclosed chamber on a pair of

o:SYUAET SUpRALs, The container suppqUisare;preferablymade,af.an 5+, of

insulation material such as cork, to inhibit thermal conductance between

seggi¢oritainer BANSEd CONEREESUPEGTs P15 R E¥nbadiiierftdat on  the

exleastane ofitheseentsellerfirst emperatune sensor, second temperature
sensor, third temperature sensor and heater is powered by the mains .

power Sugply T arBtRErEmBbainEHt e & Hne of B Roftroller-Rrg =1e
satepiperatura sénsor, secbnghterfperatlire 20isensor, thintktemperattaet with

th%_ae”:%&Eer:‘gahle%%@%£§&%§i%g£8&t§??o%qwerﬁ%‘é’p%ﬁ%‘ Befperature

attery power supply. Tn on ment, the housing comprises at least

segife Bidewalt thaesaends betwden £opredvep dndhrbaETHe fprtainer.
THEOVELMAY- R semavahble fiom said at least-ang sideyyalk RS dheratdgastature

one side wall, base and top cover may be made from aluminium or steel
S&BF8Mmi; when combined with a heater, a "hot-guard vessel”, that is an

insulatesl heatep Tdhe firshianthseeconddgmpieeatura:ggrecredaytiehin  the
erfiyglieserias, femperajyre sensors, The, ponirglisr may be afygschannel o,

Il a g
temperature controlfer which 1inimizes the error Signal or” réading of

cotheeflrsteand seepnd temperaturesefisoebThe thirdetenyferatire SeroFation
maPRY 2150 bg disnpsedthingdhe s samplecaaipge such tat diecorshg cen

core temperature of the sample reactant. 12 WO 2006/036129
s2pATASB50650D0322 fifaRothel EfdutimERPRREeSs provided a tandem

- arrangenerd eidbedwassels ok patallekserdes:terfpenatureosenrsdiseeackirst

f said tw -seri '
0 sal_d fwo sets gl; nga}!lel sefies temperafure sensors respectlv%l¥

tF':y:rant'}?)\elld?ng a comparison 6f the average 5 rea(ﬁﬁedfs of AT the Surtaces of the

telmnesigg-and coptaiger, and heater is powered by the mains power
supply. " In another embodiment, at least one of the
controller, first femperature senscr, second temperature

sensor, third temperature sensor and heater 1s powered by a

portable power supply such as a battery power supply.

In one embodiment, the housing comprises at 1east one

side wall that extends between a top cover and a base. The

. top cover may be removable from saild at least one side wall.
The at least one side wall, base and top cover mayrbe made

from aluminium or steel to form, when combined with a heater,

a “hot-guard vessel”, that is an insulated heater. . The Ffirst

and second temperature Sensors may be paralle1¥series
temperature sensors.: The controller may be a two-channel

temperature controller which minimizes the error signal or

. reading of. the first and second temperature sensors. The
~third temperature sensor may also be disposed within the

‘sample container such that it records the core tempéerature of

the sample reactant.

1z
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Said readings from said respective sets of first temperature sensors and
second temperature sensors may be either subtracted from each other
%slpﬁldt to at least one controller. The controller may utilise the output
}

wo 2@om said 10 first temperature sensors and second tempera‘f&?gss%jt‘?gb@%n

achieve near zero temperature differences between them at all times.
Advahtagéblishy:the da8igH 6FS preferreBserfibodifhert’s? V4 #f6hitgtingrandem
a rappayatusris Iigiﬁ-_vmig;htamd p@étable.;%epa@@I@@as%@frm@ﬁitemg)amdture
sdracking ofthe.adjgbatic femperature rise.of g sampla readtant such asa .,
concrete sample, can be easffy performed BA-site a8 theré 1S o “eXterial :
S EReRThrarersath 68 &y heat sinkdierin the formrefal arrassécidted average
r 4R84GY jagket or the like) - Advantagequsiy,in 26\ oneembadimentwhere, .
the reactant is concrete or a cementations material undergoing curing.

Serrk dififiite "t arigéteftorome sRAS Fdd 8mbBBiméft oF erfibniisiiRgrature

seapparatus pedmits shense ot pagable haileries ag SoRGWEMSQUICBL0 oither
thereby. provide immunity.from frequent power, 25 failure on-site and

° ge%nr%éég:r%\g;ide%%nureﬁac%éuyélityor%%%ﬁorir?gn %hifeng%%ncr%ecfe m ter%(fast one

cQiHderdoes curidd.sTrenoparatdreof th@}&_‘tppaﬁams‘is able towristalt from said

£ ig'getricalgannectars b§é‘9&%%%Q“%@QP%Q%P%‘E{B%%ESJQ f@gwgaé%s to

~quick equipment set-up time and portability. 30 Brief Description O
A DrevifgS The Ecoinparying dravwmgs Hitstistd acdisE18sEg sembbeimerdt all
t iapekserve to explain the principles of the disclosed embodiment. It is to

be understood, however, that 13 WO 2006/036129 PCT/SG2005/000322

the dr%{e?alr%rggagr%{)éle%é’he or p%?&)l 40 Iﬁlu%trgﬁgﬁ%ﬂﬂfdaﬁgdﬁ%é@%flt of
a definitideof the linpseefathednvestiod it s agohematic diagraardba The
prdesssectional yiew; oha disclosed.pmbodipent.of anappaaius foly; aparsc

monitoring the 5 adiabatic temperature rise of a concrete sample .
t%a(g%e rise of a sample reactant, such as a concrete

sample, can be easily performed on-site as there is no

external encumbrance such as a heat sink (ie in the form of a
an associated medium Jjacket or the like}. Advantageously, in
one embodiment where the reactant is conérete. or a
cementations material undergoing  curing. ' The: simple
arrangemrent of one preferred embodiment of a monitoring
apparatus permits the use of portable batteries as a power
source to thereby provide immunity from £frequent power
fa_iltire on-site and heﬁce provide assured quality monitoring
while a concrete material undergoes curing. _ |

The operator of the apparatus is. able .to: install
electrical connectors between the Housing and power source to

facilitate quick equipment set-up time and portability.

Brief Description Of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the

disclosed embodiment. It is to be understood, however, that

13
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curing; Fig. 2 is a picture of the housing used to house a container
containing a concrete sample undergoing curing, showing the position of

wo 0dh@igmperature sensors; 10 Fig. 3 is a picture of the housipg-pEEigdness2a

covered with a cork insulation layer; Fig. 4(A) shows a picture of a

+nEoundsshaped heatersfoil; ysedindhe 3198%@%%%9“ Eig- 1; Fig, 4(B) shows, 1,

a picture of a rectangular-Shaped heater_ oil used in the apparatus of
angiq At [ 53 Seherhafie cBhtrbPdiadiht bt cdhitrol i BIgRRiiRUIsed

in the .0 erﬁtion of the ap aratus oéFig. 1; Fi%EG is a graph showing the

resulits OF a calibration TESTOTthE apparatadof Fig? 1 ARF 30F9G 57 Shdws Ve
of agrapls ol theecorertbmparetutre offa oconerste: sample tindergoingeewring; the

[ | tailed Descripti Ig..| discloses a ' .
o re Thonior g Sopatalio 16 45 280 oion g eadbigRoomn
Cutdfiérature rise of a sample of concrete 12 undergoing curing. The

apparaius 10 compuses i @lininigm pRUsIng 4 £RESISINGOf 86 house a
cylindrical side wall 16 that extends between a top cover 18 and a bottom
OB Yo ARE H dRimter £ THeyindFeaPade WA TESEH Eovam=in.
sh80il8ranth bottomi plate: 26 Are espestively dnsidateskewitb £9Fk insulation

laye 6A;18A,20A). T. rk insulation layers. (16A,18A,20A) ate 10

mm gt%l%( Qr?%l efr%caﬁsﬁé}'}eett %eexr%)e%:jna gseur?;(ggg %?%e%%uffﬁ% '14§Acovered
wipblyastnFeRk idduadertfger {E6118B,20B) covers the 35 cork layers

'insutatipn laygss (364wL34A, 200k mihich gre 48 pimnkd WQ 2Q06/036129 45

PCT/SG2005/000322 thick and provide added insulation for any heat
us § nkfer B MLty 12%nd'the ambient environment. The

layers. (L8A,18B) and#ep £opertlase respeciively semovablesfigmed heater

£o %?;#:S%% rlﬁ 2%%16%{139‘%%% cx%n%rifgl_ siflg wall 16 5 to allow access

Fig. 5 is a schematic control diagram of the control

algorithm used in the operation of the apparatus of Fig. 1;
~ Fig. 6 is a graph showing the results of a éalibration
test of the apparatus of Fig. 1; and - '
Fig. 7 shows a graph of the <core temperature of a

concrete sample undergoing curing in the apparatus of Fig. 1.

Detailed Description

Fig.:l'discloses'a'temperature'mcnitoring apparatus 10

- for monitoring the adiabatit temperature rise of a sample of

concrete 12 undergoing curihg. The apparatus 10 comprises an

aluminium housing 14 consisting of a cylindrical side wall 16

" that extends between a top cover 18 and a bottom pléte 20 to

define a chamber 17. The cylindrical side wall 16, top cover
18 and bottom plate 20 are respectively insulated with cork

insulation layers {16A,18A,20A). The cork insulation layers

(16A,18A,20A) are 10 mm thick and encapsulate the external

surfaces of the housing 14.

A polystyrene insulation layer (16B,18B,20B) covers the

cork layers ‘insulation layers (16A,18A,20A), which are 48 mm

14
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WO 200%;/([9}'(;55:& side wall 16 oppositely facing each other and te

Four sets of parallel-series temperature sensors (22A;22B,22C,22D) are
mounted such that temperature sensors (22A,22B) are on the wall of the

rature
sensors 10 (22C,22D) are respectively on top cover 18 an o?[{(()%r?ﬁﬂ%ljg{)emn
14. A sample container in the form of container 30 is provided within the

EhIRamBER1 716P EOAINRE IR cdmiett® Safiple 12Tthat 7y unteidoirgranster
betousing. Fowr sets\of itemperatuasensees (248,248; 24Cv24Dhaket . The

provid t 5 external surface of container 30. The temperature
2o L A Tah S0E Do oA IS AL 245 AE DR £ o vable
Lr goniroHed mtthefofm Wi two-chahnébiemperdtury tonttollera 28sodtharall 16

to e Shagpel.can monitgr apd galculate an average 20 temperature of the
set of temperature sensors (22A,22B,22C,22D) and the other channel

“canffiBfitor 8fdScalctfate BR 5IERk tBRpEFRUre (MR Sdigie  sensors
(2 IBNPERYRIPE , SENSPISAPEARSE24Q, 240):1A temperatfg-senRsi?b iSensors
S vided within the 25 sample container 3Q..Thg. apparatus 10 al
w%)’%p?r%es U Reater igﬁﬁe f'&??nTof ﬂgatr]éf} %ilsceaﬁ?é,féigﬁhes h%%te‘f“a?gl 16
OPI istdisposefdetween thectylindridakside wail 16 aauptimesdorke sensors

(2desulation layer 164 [he heater foll, 7R isdispased between e Pasg piate
plate 20 and the corﬁ insulation layer 20A. 30 The heater foil 7C is

14 dispodedFhBiken fiiop aster Idantfhe E8Mn<tfatish TEEIIBA. PRe 15
prdeadefols (AL 4B ¥ee aradiexile and haye aheatingrcapaciBhip thnerete
2W/cm2. The t mperature cor%:oller 28 is connected to the heater foils p
SaMHAS3,76) ant(ﬁleé ablé To tuPR BT DHGE off bHsedon 15 Four  sets o
LertRET/ABG2C054600322: RECeNeUIEs JUult 2006 4he oatpait fronwthéed on th
ex{ERperatlre saRs0rs §22A228,02C,220. 244,24B,24C,24D). The

temigerature controller 28 is also connected to the temperature sensor 26 ‘_
so thA&Fit can record the temperatiigerature sensors

(22A,22B,22C,22D,24A,24Br24c,24D) are connected to a
controller in the -form of two-channel temperature contreller
28 so that one channel can monitor and calculate an average
temperature - of the set of temperature 5ensors
(22R,22B,22C,22D) and the other channel can monitor and
calculate an average temperature of the set of temperature
sensoxrs (24A,24B,24C,24D).

- A temperature sensor 26 1is: also provided within the
sample container 30. The apparatus 10 also comprises a
heater in the form of hedter Ffoils (7A,78,7C). The heater
foil 7A is disposed between the cylindrical side wall 16 and
the cork insulation layer 16A. The heater foil 7B is disposed

between the base plate 20 and the cork insulation laver 20A.

The heater foil 7c'is.di5posed between the top cover 18 and

the cork insulation layer 18A.  The heater foils (7A,7B,7C)
are flexible and have a heating capacity up to 2W/cm’.
The temperature controller 28 is connected to the heater

foils {7A,7B,7C) and.is able to turn them on or off based on

15
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S data of the concrete sample 12 as it undergoes curing. The _data from
temperature sensor 26 is output to a graphical user interface in the form

of display interface 36. The display. interface 36 allows the average PC’lj/SGZOO_S/O{}OBizz
temperature readings from temperature sensor set (22A,22B,22C,2%peived 28 July 2006

temperature sensor 10 set (24A,24B,24C,24D) _The container 30 is

mounted within the chamber 17 on a pair of supports 34 which are made

fr%m a material that has relatively low thermal conductance-to thereby

miRimise th8{H&tal bridde" B8tween ti& @ylindricaFaf 16t ane the 15 sensors
corainer 30z Thexontainey 30mmokcylingrical wall 16 are dimlensi(f)ned f

such th relatively small air gap exisis between the external surface o
the'con?apill%er 30 and the rgyliﬁgﬁgéi%il & lvafl 1615 tidrdBy MRiifisEsshy-o the
teprperafirerdiffersritial, Rirthepmdite; thelair gap between: thenextesrg) 2 tur e
stirfacenf the,contginer 30.and the cvlindrical side wall 16 shouldbe .
minimised to reduce sluggish response times between tﬁe(%emperélture
SE1Sor§ (oA T OPE DILY) FolRR BSthbs cpiitidrieal tallal@randitheal user

temperaiise SeNSAEe(288:245:24Ci24P) mounird ithe.exiernakwall of .14 ¢
the 25 gontain§%30.£n-this embodiment, the air gap is oglly as big asto .
allow the containerts baemoVed RSRAECThATBEFTIZ LG, 2eagdings  from
pietre s the howasing 44 without(therppoyver ¢ 82 the inswaliondayes sensor
EL6A.16B,18A,188,20A,2Q1B), or the container 30. Fig. 2 does show one

of the pair of 30 container supports 34, the cylindrical side wall 16, and

. the positién 6PihEERTTeraird semsors (22A 22B).iRigtB4s ahpicture, of on a

15
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Amended Sheet
IPEA/AU

theihousing: bpsoveredwitheodtinsylation layers. (184,224 and.with the
leads, of th? temperature sensors (22A,22B,22C,22D,24A,24B,24C,24D
56)and the %eﬁt%‘f"foﬁt‘%ﬁ‘q’("h,?@Wﬁﬁ%ﬂﬁ%ﬁ?roﬁhﬁf@@&k Teyeiigye  the
The:teads obrAreadedSheetrl6 IREA/AY WORQ06/0364291 16 and the
PG/ $GR005/9003 e fure sensQrg . .o o
%%X%ZBZZ%QZZD%%}A@ZE?}Z%S{Q %2%§ are conhet e%rtloct%% CGitronde

8mensioned, such that a relatively small air gap exists

v

re

between- the external surface of the container 30 and the

‘cylindrical side wall 16 to thereby minimise any temperature

differential. Furtheérmore, the air gap between the external

surface of the container 30 and the cylindrical side wall 16

© should be minimised to reduce sluggish response times between

the temperature sensors '(ZZA,22B,226,22D) mounted to the

cylindrical wall 16  and the temperature - sensors

(247, 24B, 24C, 24D} - mounted to the ekternal wall of the

container 30. - In this embodiment, the air gap is only as big

‘as to atlow the container to be removed from thé chamber 17.

Fig. 2 is a picture of the'housing 14 without the top
cover 18, the insulation layers (16A,163,lBA,lBB,EGA,ZOB),Aor
the container 30. Fig. 2 does show one of the pair of
container supports 34, the cylindrical side wall 16, and the
position of thé temperature sensors (22A,22B). -Fig. 3 is a
picture of the hoﬁsing 14 co?ered with bork insulation'laye:s‘

(18A,22A) and with the leads of the temperatﬁre sensors .

{22A,22B,22C,22Df24A,24B,24C,24D 26} and the heater foils
7{7A,7B,7C} protruding from the cork layer 18A. 'The leads of

16
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Fig. 4(A) shows a picture of a round-shaped heater foil that is used for the
heat foils (7B,7C). The round heaters 5 foil fit adjacent to the top cover 18

WO 2(,§@/g3m§9bottom plate 20. Fig. 4(B) shows a picture of a PCF/SGm ‘?ﬁ'g%n

rectangular-shaped heater foil (7A), which hugs the outer surface o

lindri 0 _hQusin . Eora te. ion, a caljbration
O LAl B 10 s e faear FAe AT 1O Sy Bae. 298, 26)
al@ritRrteE f8Ashing-Bunfenhtsklefwalf temperatures during a

heatipgsup perod. drid«3 Shows & schematiccopohdiagiame 8f heter roi1
control algorithm used in the operation of the apparatus 14. As an
Ralamiple BPE timEBasedthytitdr firiny s néfhodTablétefind heaters
fdndicates exemplarysvottage tevelscgf individuat lBeaterfois &7A8BiER) plate
£mployed in a,"blank” run_in which the container 30 is not charged wijt
2 Oai'nyeél';%/rhpfler.l g‘llhe%[?h%‘f(lgm&m%%%%?aetu Pepdi?fef:e%cce%n Lrlgéasr aﬁ}gsigﬁgérgj eater
fakds @39 thaHDizh. IMPETEG2005/800322rReceived 28 Jaly @00tdrical

walabled Barametesseitings for the heaters foils and controller item
description Adjusted Voltage Supply voltage for heater 7A 51 Volts

Suppiy Vot GGE o tfedtBr 7B E 38 VaitS Supphp toRRgS fortheatéprel power
in3h2 Volis Riepantenad barfbiardheTamperatare GR5Qentraller dotegiat «a,

' or the Te ture Cantroller 120 seconds 5 Fig. 6.is a graph .
en;%nl%}:\%ﬁ%é thg resl,lung@se,\fr §f1§1“ calibration ?é%st g??hcg ap%p%r??x%%agfur—r@%l KRy @
hegpbimgastredeoretembetatule aiitbes ciatedhdvedriticaldempetatdiegram
o OVeniappingeach othen threughout the J500; minutes. TQ%%E}%%&“&E% © tne

a

apparatus 10. maintained adiabatic conditions 10 during heating and t

ZRPRIGOHDIE 28 rhdinBdin§#f@Ple of a time-based thyristor firing

method Table 1 below indicates exemplary voltage levels of
individual heater foils (7A,7B,7C) employed in a “blank” run
in which the contalner 30 is not chérged with any sample.
The maximum temperature differences across all sensors was -

less than 0.3°C.

17



temperature within the chamber 17. In use, the controller 28 receives input
temperature signals- form the temperature sensors _
(22A,22B,22C,22D,24A,24B,24C,24D). The controller 28 15 calculated&d/5G2005/000322
average temperature (Tsw) of the cylindrical side. wall. 16 from the Received 28 July 2006
temperature output from the sensors (22A,22B,22C,22D) and average
temperature (Ta) of the container 30 from the temperature output from
the sensors (24A,24B,24C,24D). The controller 28 then calculates the 20
differential (E) between TS" and T, as follows: IE = Tsw - Tcl If E < 0.02,
the condblier 28 acthvatesdite PIBdhytisips 20010 tira thedieater foisls and
(7A,7B,7C) on. If E ? 0.2, the contgg(l)lg gg q%gctivates the PID thyristor
29 to turn the 25 heater foils (7A,7B,7C) off. Accordingly, the controller 28
ppératesitirechéater doils (7A,7B,7C) based on the average tempeératatesd
Ts") of the cylindrical side wall 16 and the: Amended Sheet 1¢ @g@?%

Q. 2006/036129 PCT/SG2005/000322 average temperature|(TC) 0 the
ComtaRer 3PtEARART thémh&reddilibrium between the cylindrital sibles

Vel 3H1and JheLantaiper BPAS-the;gample concrete 12 UNdeness Vol te
| ion. The. apparatus 10 was used.to test a sample of
:§Hé?@%é’ bENG U28d iR At E@bST cdfistruction site. The concrété ¥or u&elts
|rethepeanstiieion siteavas prepared aceerdingfiedpe r&empositon snown
nC'I(;%t%Ie Zﬂggllpw. 10 Table 2 Constituent materials per cubic meter of

boncrete sample OPC 133 kg Cement GGBFS 247 kg Coarse
Aggnggn@non&kgfcr'the Temperature Controller 120 seconds

5 Eigq 6 is a graph showing the results of a calibration.test
of the apparatus of Fig.r 1 showing the measured core
.témperatupe - and  ‘calculated . theoretical temperature
.Qverlapping each other throughout the: 1500 minutes, This

_lshows that the apparatus 10 maintained adiabatic conditions
.10 during heating and that the controller 28 maintains the
| témperatureiﬁithin the chamber 17. | |
'~ In use, the controller 28 receives ihput femperatﬁfe
‘signals. form - the : temperature Sensors
(22_A,22]3,22C_‘,2'2D,24A,24B,24C,2£§D). The controller 28 -
15 calculates 'an, aVeragé temperature. (Tew) oF the cylindrical .
side‘wall.l6 from the temperature output frpm.the SEensors
(22h,22B,22C,22D) and average temperaturs (T.) of the
COﬁtainex‘ 30 from .the temperature outpﬁt from the sensors
(24R,24B,24C,24D) . The controller 28 thenm calculates the

‘20 differential (E) between T, and T. as follows:

, [E = Tgg — T¢l . . _
If E < 0.02, the controller 28 activates the PID thyristor 29
to turn the héater foils (7A,7B,7C) on. If E 2 0.2, the

7 ‘controller 28 de-activates the PID*thy:istor 29 to turn the

25 heater foils (7A,7B,7C) -off. Accordingly, ﬁhe controller 28
operates the heater foils (7A4,7B,7C) based on the aﬁerage

temperaﬁure (Tsw) of the cylindrical side wall 16 and the -

Amended Sheet . 18
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Fine Aggregate 780 kg Water 160 kg Admixture (Mid range WRA - 3.42
Mira 99) litres Where-"OPC" is Ordinary Portland Cement and "GGBFS"

wo 209d@ynd 15 Granulated Blast Furnace Slag. A sample of the-admixidifes22

of Table 2, after being well mixed, was placed into the container 30 of the

a-oPaatus 1, Jhe containar 30 was plaged Inio e chambly 1L 0 08 neain
apparatus 10. The temperature of the concrete sample 20 residing in
thoftdrery WasmBasuRRi by fie tehiperatbie:sehsok 301 rezbidett and
ey thesontroller28 aiyer a6 dayn 8640 minute) peried-cthe agiabatic e rgoes
temg)%r(ature rise was recorded by the controller 28 and is shown in Fig. 7,
P YABWiNG that the temperature differential between the temperature 25
sensors (24a,24b,24c,24d) of the Egatajries 30, the temperature sensors
(22a,22D, %ad) d temperature sensor (26) of the concrete core
g Zgﬁ f(rln v?gs use Stci'héﬁglsg a%ia%a{ﬁ%ic%nag concrete

temperature were a close to each other. ions

- bejarg mgintaiddd atrims IeW G- 2066/036 129 PCTIS62008/000302 tiee  for

uLdINng, ofihe copgrate, The sontainar wasfoundio-be £7,3.Cat8a8% 3 o the

(ﬁﬁ%er 72 hours), while the actual maximum recorded temperature of a 3m
SRR Tohtréte TARBuhBatiah Wit inkGftidn all round concrete measured

in-situ while 5 being cured at the constructions site was 66.9C. This
£00INs the agguiagy ol {be apparaius It wll be hseryed. oM F1g. /12l
the rapid heat generation due to the ydrgtlon reaction Of the concrete
sample as it cures was observed t&2wmhrence after 6 to 7 10 hours and

this is reflegted by a steady Tise 1T the Ty iEFete ToTE teraReTat initially

at ambient{temperatmreraf 30C td_about 60C within/the next 18 hours.

The heat re¢lease was observed }o slo#88## during t#e Rexir4 hours

and leveling off durlmg&%ml%@@é%ﬁgg minutesy togaen s LS

adiabatic maxdmum-temperature 0 6.72.3C.

Fine Aggregate 780 kg
Water | 160 k‘g

Admixture (Mid range WRA — 3._1-}2
Mira 99) "y litres

Where ““OPC” is Ordinary Portland Cement and “GGBFS” is Ground
Granulated Blast Furnace Slag. '

A sample of the admixture of Table 2, after being well
mixed, was placed into the éo-nt.ainer 30 of the apparatus 10.
The container 30 was -plag;.ed’ into the chamber 17 of the
apparatus 10. The temperature of ‘the concrete sample-
residing in container 30 was measuted by the temperature
sensor SG_.and recorded by the controller 28 over a 6 day

(8640° minute) period. The adiabatic temperature rise WAS

recorded by the controller 28 and is shown in Fig. 7, showin.g

that the temperature differential between the temperaturé
sensors (243,24&3,240,24&} of the container 30, the
tempeirature sensors (22a,.22b;22‘c,22d) and temperature sensor
{(26) of the concrete core temperature were all close to each

other. That: is, adiabatic conditions were maintained during

19



The surface temperature of the sample container 30 was tracked with
respect to the temperature of the cylindrical side wall 16 by the monitoring

w0 wameseomtrol system to within 0.1C at all times. Once past thepaaeos5/060322
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35

temperature, it was 20 observed that the concrete core dropped in
thtemperatuse atra tate ofdess-than.0.0216 per-houw=averthe;subseguent o be

three days (72 hours). This temperature holding capabijlity is a ,unique .
67fie§<'attur((:e o%‘ap%%yatgs 1}("51 th i\prp?lf‘ca |8rlllsr?_), 'Ad\%éjﬁigge%%gsly?ﬁ%%%ﬂbe% i
regamonstratetinkatthenidque design of theapparatus=1@ providesfmsardation
w14870 heatlossfiom the concigle reaclantsystem Eyhermare e, 10

temperature drop within the concrete core was less than 0.02C/hour or 30
bedpsut 65ETday HiterAttainfRPRBTHELARMT adfiddtic 18mpetatutes it will This
cobg appreaiaieddbatithecapparatise] & disvingca gelatively simple design,

provides a.hjghly convenient device by which to monijtor the adiabatic rise

of a ﬁ%te"rqih 5)éﬁde?§(ﬁﬁ§‘éer%acftef%ﬁxs chas cg]nc frundfgofifpid heat
gempdrationn20dWO 2006/08€128 REESER005/60€3221Thefappdratusdicrete
salfAIS0 ighly portable in thakits dimensions.ate sugh hatitis.ahlg o pe o, 4

transported in a vehicle such as a van or lightweight truck. Other _
hogipoditferitt Hiay: Be BihéRSbAE Ry be trak§isie By Bahl. Sifheconcrete
coaPaaiis1Q alse-doasnetieguires anaxtaraakoveingiitiohre of 30°C to

environmental control, thereby providing a significant advantage over the
abSHEr 2P0 AdvERtAYEd UL Sthé S baratts 18'4bRs noffeqlifé b rgelease was
obeiecutating:-fiuid Systenvion mamtaiming:the adiabatie 410:canditiamsiwithine 1 ing
orthe chiamper 17, Ihissignificanly recucgs,the sapiial and onerating cogts .,

of the apparatus. Advantageously, the low power rating of the apparatus
adighahich mas beyo\reragesimbirsy aportable Power source, suchasa -

charggablebaeRtURiEmperature of the sample container 30 was

tracked with respect to the temperature of the cylindrical

side wall 16 by the monitoring and control system to within

+0.1°C at all times. Once past the peak temperature, it was

observed that the concrete core dropped in temperature at a

rate of less than 0.02° C per hour over the subsequent three

days (72 hours). This temperature holding capability is a

unique feature of apparatus 10.

Ap%licaticns

Advantageously, it has been démonstrated that the unigque

~design of the. apparatus 10 provides near zero heat loss from

the concrete reactant systen. Furthermore, the temperature
drop within the concrete core was less than 0.02°C/hour or

about 0.5°C/day after attaining . the maximum adiabatic

Itemperature.

. It will be appreciated that the apparatus 10, having a
relatively simple design, provides a highly convenient device
by which to monitor the adiagbatic . rise of a material

undergoing a reaction, such as concrete undergoing hydration.-

20



15 As the integrity of the adiabatic conditions is assured, the temperature
of reactants, such as concrete undergoing hydration, is able to be
accurately and constantly monitored. Furthermore, the portabl

! : e power
wo 2‘5’3@?0('ézﬁrotects the apparatus 10 from any undesirable effe%?B’%&Wéfmmn
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outage. This is a 20 significant advantage for applications that require the
TRppaf&tbd 6 hwhitor the hiydratibhCof ddherety asitAé eevice can betfakén its
dDResite. Sieh as@ canstiuelion:sites toimonitarethe adigbatic-temperatuie in &

rLée of a samplg of concrete. The portabili?,ofﬁt@e ag) aratus 10 offers an b
VB itetnative 1o ths heed fqr'sité teMberatira idad#ament 5F oncrete Othe”
egoresi s 0 line sitedehperatuie mehsure inentsranes knowadolye hand.

iaboris afdehansive sha ADpaRILS 10-Pravides 3 SybSRNUAL83YINGS oven

in obtaining the adiabatic temperature rise data of concrete or
ugéfentfiffus nmRSHAISIE NEAH be 6pPafent that Vdrigvtherproviding a
s edifications and- adapationseef thednyantion willde apparent to the |

person . skilled in the ill’t after readingfthe fore inr%disclosure without

depafthg o IRE SPirf antt SeopRASH IR tventiof Sd P RGnterddt haft &~
c altsuthtmodificdtionstands35 aekaptations, comientdthinithe scope of thelabatic

. Iaﬁagsﬁglmﬁ% RCI/362002/00p322 8&9@@%&%&;&99% reduces

Claims 1. A temperature monitoring system for monitoring t

| themperdttifet PR Safiie FéaGtancaRdegoingta Feddtionr 34ids -

temparaiuie-MQBKARNG SYSte® COMPriging=3 a heusing having gt leagharatus
one inner wall defining an enclosed chamber; at least one first

W Rrbilire G b EESh AT ePWalfo R RRd ABLSNG B4pabROE S/

soflkensing thiaatempdratureof tsaud/inmet wall of said housing; 10 a sample
contajner.provided within §aé>dfc%%@bs&‘i"a(b%%@é"”é%éﬁ'&sénép'% assured,

reactant therein; at least one second temperature sensor capable
the temperature of reactants, such as concrete undergoing

“hydration, is able to be accurately and constantly'monitored.

Furthermore, the portahle power source protects the apparatus

10 from any undesirable effect of poWef outage. This is a

significant advantage for applications that require the

apparatus to monitor the hydration of concrete as the device

can be taken on-site, such as a consiruction site, to monitor
the adiabatic temperature rise of a sample of concrete.

The portability of  the ap@aratus iO offers Ian
alternative to the need fgr site tempefature measuxemént of
concrete cores. As onwline.site temperature measutements are
known to be laborious and expensive, the apparatus 10
provides a substantial savings in obtaining' the adiabafic
temperature rise data of concrete or cementitious méteriais.

It will be apparent that various other modifications and

adaptations of the invention will be apparent to the person

- skilled in the art after reading the foregoing disclosure

without departing from the spirit and scope of the invention
and it is intended that all such modifications and

adaptations; come within the scopelbf the appended claims.
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sensing the temperature of an external surface of said sample container;
15 a heat pump capable of transferring heat to or from said chamber; and
a controller capable of monitoring the temperature of said sample

from said first and second temperature 20 sensors to substantiglly _
maintain thermal equilibrium therebetween. 2. A system as claimed in
claim 1, comprising at least one thit@&®perature sensor capable of

1 sensing thenfermperatere qbsaid-sample eactant asifunderdees 8; 25 the

reaction within %aid sample container. 3. A system as claimed in claim 2,
i o fat

USRI s * said COMroTer TRES e obitBif ‘o SaRPtHird- @iferaturesaid
t gansos tormoniton the temperatureof saithsarplejreactant. 4. A system
as clai in.claim 1, wherein sajd heat 30 pump is a heater. 5. A system
as clgim%ﬁ%lﬁgmhia,ﬂwﬁgre?n%sgg alﬂsegat&rﬁéj a rg%efé:r f"o"ﬁ&? ,&? §ydBiids @
enddifedlircdlaiar wherein the controller determines, the temperature
differgptialbeiwesn. 33 said first apd secqpd t%@i?&&%w{)eré%@%%% %nrg said

. adjusts the differential by turning the heater on or off' to”Amended Sheet
LB ANPET/SE2008766032% Hedehed 2RIy 2006 fsubitartially  the

_tempintaittherral equitibriumdbetnern said éaner wakkof said chamber and

[ ' iner. 7. s.claimed in
said gxternal furface rg said sam]pl% gggtcglner 7. A system a

ir controllef is"corieced ' GrapRitdl uheiteraderr

. Sam CO
claim 2, WEi‘I rein the

copEsdutpubofatiidastond of saifirst tsedoadesind third temperature

Sensges. 8.4 systemas daied in LA WNgIeN aL/eaY  copapie of

sensing the temperature of an external surface of said

sample container;
a heat pump capable of transferring heat to or from
said chamber; and

a controller Capable of monitoring the temperature of

 said sampie reactant and capable of operating said heat pump

based Qh the output from said first and second temperature

sensors to substantially maintain thermal equilibrium

- therebetween.

2. A systeﬁz-as claimed in ciaim 1, comprising at

least one third temperatﬁre sensor capable of sensing the

témperatﬁre of said sample reaCtant'_as it undergoes . a’
reaction within said sample container.

3. A system as'claiﬁed in claim 2, wherein in use,
séid controller uses the output of - said tﬁird temperature
sensor to monitor the tempefature'bf said saﬁpie-reactant.'

4. A system as claimed in claim 1, wherein said heat

- pump is a heater.

7 5. A system as claiméd in claim 4, wherein said
heater is a heater foil. |
6. ,A-'system asr claimed' in ciaim i, Qherein the
controller determines the temperature differential between
said first and second temperature sensors and adjusts the

differential by turning the heater on or off  to

Amended Sheet

IPEA/AU
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reactant and capable of operating said heat pump based on the outpdgcetved 28 July 2006
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one of the controller, first temperature sensor, second 10 temperature
sensor, third temperature sensor and heat pump are capable of being
powered by a portable power supply. 9. A temperature monitoring
apparatus for monitoring the temperature of a sample reactant
undergoing a reaction, said temperature monitoring apparatus
comprising: 15 a housing having at least one inner wall defining an :
SUBREHEESThhbdie dfEaSfiond Frsitamperatite SeRsorprdvidedon saichid
ininnerwdll ofsaid ADasinga Arsampleconfaines pravided within said ¢ <.i4
SC_ﬁg:lhrilrcpberrfl(%ra 20 containing said sample reactant therein; at. least one
second (t)empérna‘?ﬁr'e sensor provided on an externalsurface of said
sample cortainersadreat pamp-tapable ofitiansfesing heat te@s IO  the
' ber.a ontroller capable of . monitoring the temperature
CO%?%gg%m%i% r%%ét%ﬁt%r% cagg)ab?e Gf o) g]rjéﬁﬁé Séﬁa%%a% Blifip Hakeder
SUigitthedtikputfront @aRHirstEnd Second temperature sensors taind  third

t efpbstantially maintgisthermal equilibrium therebetween. 30 10. An
appgratus as claimed in claim 9, comprising at least one third
température sEHESFProdifted fithiRSaid: sahibl8 céntaiet e serding e t
on¢emperature ofsaid saimple reatiantas iluqdergeas a reagtion, 11. A, g
efPPAL s claimed in claim 9, wherein said 35 inner wall is cylindrical
s boRan o WAl SHis bERBAr WAl RobndBllSHEEE. oump

and extends between a top wall an om wa

| ArqpEAPADRIECTISG2005/000822 <RebrivediRE: Jaly 12006>@2r Aruapparatus

as alaimedsin claipe9.vhgieinthe: RaYSIng is.sovered with-a primary, .
~insulation layer. 13. An apparatus as claimed in claim 12, wherein the

i TRENHEEN ReP compBRiEs EBACTRRGidndergoing a reaction,

said temperature monitoring apparatus comprisihg:
a housing having at least one inner wall defining an
encloséd chamber; |
4 at least one first tem?eréture sensor provided on said
inner wéll of said housing; '
a sample coﬁtéinex5 provided within said chamber for
containing said sample reéctaﬁt therein;
atuleast oné,second temperature sensor proﬁided on an
external surface of said samﬁle container; -
_ a heat pump capable of transfefring heat'to or from
said chamber; and | R
‘ -a controller,capable of monitoring the teﬁpefatﬁre of
said sample reactant and capable of operating séid héat p@mp
based on thegoutpﬁt from said firét and_Sécond témperature
sensors to substantially maintain. thermal  equiiibriﬁm
therebetween. . o
10. An apparatus as claimed in claim 9, comprisiﬁg at

least one third temperature sensor 'prévided ‘within said

- sample container for sensing}the temperature'cf'said sample

reactant as it undergoes a reaction.

11. An apparatus as claimed in <claim 9, wherein said .
inner wali is cylindribal'and extends between a top wall and

a bottom wall.

. Amended Sheet

IPEA/AU
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5 14. An apparatus as claimed in claim 12, wherein a secondary
insulation layer covers the primary insulation layer. 15. An apparatus as
claimed in claim 9, wherein the heat pump is a heater. 10 16. An

is disposed between the primary insulation layer and the housing. 17. An
apparatus as claimed in claim 10, wherein at least one of the controller,
firsttempetatufeBaRSGN S 555 cond iemperature sepgordthirdherein the

houtemperaturesensat aﬁﬂéleagze@afrfr&ﬁ;}abi%%@smowggﬁ&by a

portable power' supply. 18. A method for monitoring the temperature of a
sample reﬁ&aﬁ?ﬁﬁ&é‘ébﬁlgaa? réattioncthe Methda ebmiptisirty 2oahe  the
pristepg ofhproMidinga Sample reactant # 8 samplecontaing contained
Wiﬂiiﬁl an %rrltcloasedac,‘:haacrp]ger;a rgor‘lzitloringg the tempe{at,ure of said sample
reactant as it Uh8ergoes a rédction’ 25 monitdring t"ﬁér‘{erﬁﬁeram@rem a
secgifférantialibetweehiam exdtesral surfacersf saitlsamplercantainerandthieon
Layayface of aninner wall of said enclosed chamber, wherein said
temperature of said inner wall is monitored using a temperature sensor
provitied SH'sERBATS AN, ARd SéMERthINiRY sdsEntRly Whermradn  the
heaequilibfumsbetween: said external surface of said sample container and
sai%inne wall of saidtenclosed chamber. 19. A temperature monitoring
apparatus Tor Manitoring - thatefmparatire ofa cemihtations Bredontreténe
heamarerial 355'unddrgeingra readtion; thilsonitering apparaius-eempisingry
insAmendsd §Q§§EIPa'%ﬁ/%g%ﬂ§§i2r%’5/000322 Received 28 July 2006

a housing having at least one inner wall defining an
17. "An apparatus as claimed in claim 10, wherein at

least one of the controller, first temperature Sénsor,
second temperature sensor, third temperaturel sansor and

heater 4dre capable of being powered by a portable poWer‘

. supply.

18. A method feor monitoring the temperature of a

-sample reactant undergoing a reaction, the method cbmprising

the,stepslof;'

providing a sample reactant in a sample container

"~ contained within an enclosed chamber;

monitoring the temperatﬁre of said sample reactant as

it undergoes a reaction;

monitoring the temperature differential between an
external surface of said sample container and the surface of -
an inner wall of said enclosed chamber, wherein said

temperature of said inner wall is monitored using a

teémperature sensor provided on. said inner wall; and

_maintaining,substantially thermal eqﬁilibriﬁm between

said external-'SHrface_ of said sample container and éaid

‘inner wall of said enclosed chamber.

19. A temperature monitoring apparatus for monitoring

the temperature of a cementations or concrete wmaterial

‘undergeing a reaction, the,mnnitoring3apparatus'comprising:

 Amended Sheet
IPEA/AU

PCT/SG2005/000322
‘apparatus as claimed in claim 12, wherein the heat pump is a heat&esgied 28 July 2006



enclosed substantially thermally insulated chamber; at least one first

temperature sensor provided on said inner wall of said housing; 5 a -

samF[))Ie container provided within said chamber for containing, in uséfC?/SGZOOS"OOO”z |
said cementations or concrete material therein; at least one secongReceived 28 July 2006
temperature sensor provided on an external surface of said sample

container; 10 at least one third temperature sensor provided within said

sample Cotitaiter; R Re G edpabié 8F hédtfng e Eharmber; 3pfiaing an

encoatreliescapabla of operating-saidheaternbased oa the,putput from said
firstggd secopd tempgratuge sensors 15 and capable of monitoring the 4
output of Saithita® tempié aturE UaREDF Whersfh it tsd =aid dBHtrEMersa i

inopperates said heater tosuhistgntially maintain thermal equilibrium '

5 betweep eﬁﬂ!ﬂ énf@éﬂa#]%fe |dp%qmg§&an‘gi%%lg nextse‘%? 'Séj:gg%% g}f: sa%% r

20 sample container while monitoring the temperature of sai _ _

corbfidhtafionsidr coTereté dridtefalnsit ahtlengoesa reaction: @0mAterial

thepsahle apparatus for monitoring the adiabatic temperature rise of a
concrete or cementitious material 25. undergoing a reaction, the

appﬁFatdseégrihpﬂgﬁg.55Tﬁéﬁ%aﬂ?@ﬁ&ﬂé@&ﬁoﬁﬁ@‘ﬁ%\viﬁﬁ(ﬁ’éﬁﬁﬁ*\béfl an.
exdefined betneer:atlpaskane sanerisidesvalk arkattom and a top; at least
one firstt rature sensor provided on at least one of inner side wall, .
A0 saidabll[ott}bgn%ln gﬁd%é%?d ts%efﬁ%(r5 S%QImn%%ﬁgrlt?Hé the’surtade t%lfﬁ’ﬁfelr‘g? fewithin
sa Yeredird Safitplé €ontdiner disposed within said chamber for containing

said.coparete-opggmentitiays materiglundargoing, said reagtion therein;
at least one second temperature sensor capable of 35 sensing the

temPeraiiie- St bxtethalsuitface GRaid tddtfpledshtkifdkcamendged on

the&Sheetput from said fi:st and second temperature sensors
15  .and capable of monitoring the output of said third

témperature sensor, _

. wherein in use, said_controller_operatés-éaid heater

to substantially mwaintain thermal equilibrium between said

inner wall of said chamber and said external surface of said
20  sample container while monitoring the temperature of said

cementations or concrete material as it undergoes a

- reaction.
20, A portable apparatus for monitoring the adiabatic
{%) temperature rise of a concrete or cementitious material .

25 . undergoing a reaction, the apbaratus comprising:
‘ a thermally insulated housiag having a chamber defined
'_between at leést one-inner sidé wall, a bottom and a top;
at leaét one first témperature seﬁsor provided on at -
least one of inner side_wall, said bottom and said top“for
30 monitoring the surface temperature thereof; |
a sample container dispoéed within said chamber for
_dontaining.said concrete or cementitious material undergoing
said reaction therein; -
at least one second témperature- sensor . capable of
35 sensing the temperature. of an external surface of said

sample container;

Amended Sheet
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IPEAJAU PCT/SG2005/000322 Received 28 July 2006 at least one third

temperature sensor provided within said sample container capable of _
sensing the temperature of said concrete or cementitious material PC1/5G2005/000322

undergoing said reaction; 5 at least one heater foil capable of heatifigceived 28 July 2006

said chamber; and a controller capable of operating said heater foil
based pn he% ggtput from said first and second temperature sensors and
capablé of monitoning the dtfbut 6REsARhIEC1 G ErAperaturevsehsdr i thin

SWﬁér@ii.minl}se(said&pnﬁ’.d|ﬁa@j§ﬂi@-@3@3§i@'@§§ﬁ{gfq{k@ _@é&%@%yre of
Sﬂ%_intaé%ﬂ@&%' eq)ugllbrgjem (_E)gtt:v}\!%eg said inner vyall of said chamber and‘ |
said external surface of said sample contalfet WHilmowidarghas  said
“iér’?lbé%wre of 15 said concrete or cementitious material undergoing said
reaction. Aragpdedsheet, [IREAIAUL . capable of heating said
chamber; and
a controller capable of operating said heater foil
based on the output from said first and second temperature
sensors and Capable of monitoﬁing the output of said third
temperature sensor, '
‘wherein in uée; said controller operates Said heatei
foil to sgbsténtially maintain thermal equilibrium between
~said inner wall of Said'chamber‘and-said external surfacerof
said sample container while monitoring the teﬁperature-of

sald concrete or cementitious material .undergoing said

reaction.
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