-1- COWOSI TE CEMENT PANEL Technical Field The present invention relates
to conposite cenent panel for use in a roof deck or simlar structure, and
a fabricating nethod of the cenent panel. 5 Background Art Figure |
illustrates a typical construction 100 of a cladding construction system of
a concrete roof deck 102. A cenent sand base 104 is formed over the roof
deck 102, the base 104 being screed to Forma slope or slope-to-fal
gradient to create a drainage fall into 10 a drain 106 and downpi pe 108. A
wat er proof nenbrane 110 is laid over the cenment sand base 104, interrupted

only by downpi pe 108, and extending a height 112 of 300nmup the inside
surface of walls 114. \Were GQRME TfoﬁEﬂ@M BAMELyal | s 114, the

transition of the waterproof nenbrane fromthe horizontal surface to the
vertical sSpechaf@l PRYg be effected by use of waterproof filler such as poly
foam 116. "/A thermal insulating |ayer 118 15 is constructed on top of the
menbrane 110, the layer 118 conprising extruded pol ystyrene insulation
board of 50nmm flle PkeseBisinventinapgraies torconposice ceragrdrpangofopves in esoafhieck lver nal

|50 1 00kt LB, o3 AU, BN rglesLive screed concrete Taye

separated by joints filled with bitum nous conpound. Plastering 124 is
applied to walls 114. 20 The thermal insulating material 118 reduces heat
transfer through the concrete roof deck 102 into the building below. The

protective, cenent screed 122 protects the thermal insulating material 118
and the M&M menbrane 110, and bears the human traffic on the
roof deck. Such a construction 100 is constructed in-situ on site, with an

expansi on j oi Figups PYIdBEkeah (VR8I |cBAstHIRLISH YO0 8F a ARd&EAP ShAMGILON sy@n sphi f ers
froma range of problens. The expansion joints in concrete screed |ayer

122 are ac‘@riegephéedknl (2heAcesment snd base dRd ia famedoeenthd mak deck Reitheal
wat er becrs: d4aRes ek ot B91cbOSF HBhe-t2M Shiidd TG BlraddGe ikl
10 a drain 106 and downpipe 108. A waterproof membrane 110 is laid over the cement sand
base 104, interrupted only by downpipe 108, and extending a height 112 of 300mm up the
inside surface of walls 114. Where the deck 102 meets some walls 114, the transition of
the waterproof membrane from the horizontal surface to the vertical surface may be
effected by use of waterproof filler such as poly foam 116. A thermal insulating layer 118
15 is constructed on top of the membrane 110, the layer 118 comprising extruded polystyrene
insulation board of 50mm thickness. A separation fleece layer 120 overlies the thermal
insulating layer 118. Finally an overlying protective screed concrete layer 122 of 75mm
thickness is provided, comprising 4.5m by 4.5m panels separated by joints filled with

bituminous compound. Plastering 124 is applied to walls 114,

20 The thermal insulating material 118 reduces heat transfer through the concrete roof
deck 102 into the building below. The protective cement screed 122 protects the thermal
insulating material 118 and the waterproofing membrane 110, and bears the human traffic
on the roof deck. Such a construction 100 is constructed in-situ on site, with an expansion

joint provided at regular intervals.

25 Construction 100 suffers from a range of problems. The expansion joints in
concrete screed layer 122 are a weak point in the construction and a source of leaks.

Residual water becomes lodged between the thermal insulating material 118 and the



-2- waterproofing nenbrane 110 after rain. Wen exposed to heat fromthe
sun, the water expands and evaporates, exerting pressure on the thernal
insulating material 118 which in turn exerts pressure onto the protective
screed concrete 122. Both the protective screed concrete 122 and thernma
insulating material 118 will generally crack due to such stress, 5 |eading
to | eakage and/or "sickness" in the cons®ruction 100. A further problemis
that on site cladding construction makes quality control difficult, can

cause damage to the waterproofin sy.stema and is subject to the vagaries of

i ncl enent  VREMReMIngmeRgraag nd Oratter rdin. | When sgpased o keatdomythe pyn, dhelivaiasn,
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t he under |tpimegrarsgfresdeckontd @2 pwadctivprsoeebd rgndretebizaneBdithOthamedtedtiveasfeedent s
120, 122, the protective

of the built-u ferproofing system 104, 118

screed 1229039&9%19??9“5? fhﬁffﬂaldﬂ%?t{% waterial, L& wilh ggrerilly pachidue 1q seohabieys,
removesl suediiagdI¥aIReE RSN i HEhivRl%nd@st royi ng the construction
100. The entire process of building up the waterproofing system nust then

be 15 repeated to re-establish a waterproof cladding. Any discussion of
docunents, actd¢ fadhasrprablem devhatesn siie tolasldirg constivetion keakehiquilityasonttyden

i ncl uded i e cification is.solely for.the, purpose of .
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n general know edge in the field 20 relevant to the present

or were c _ _
i nvent i On?@m@mg i agplYHE merethdugsy op site gandes mewst aggdabogions.m of this
application. Throughout this specification the word "conprise", or

vari afg ons suckiASurth&O MPHHeSRent iy maMRLhS Aequitdd b A8 uHHQWigé oost defl
inply the inclusion of a stated elenent, Int eg%r or step, or oup o
el enment s, 10At egéarproofingtreasbrapat 1 Motnd/he cexpongitorofothe BEltany watdmpioofing

el ement, integer. or. st roup, of el ene integers Qr s s. Brief
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construct nedd to be destructively removed such as by being cut away, effectively destroying the
construction 100. The entire process of building up the waterproofing system must then be

15 repeated to re-establish a waterproof cladding.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a context
for the present invention. It is not to be taken as an admission that any or all of these
matters form part of the prior art base or were common general knowledge in the field

20 relevant to the present invention as it existed before the priority date of each claim of this

application.

Throughout this specification the word "comprise", or variations such as
"comprises” or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of

25 any other element, integer or step, or group of elements, integers or steps.

Brief Description of the Drawings

Fig. 1 illustrates a typical roof cladding construction;



-3- Fig. 2 is a perspective viewof a formmrk for cenment casting for a
conposite cenent panel according to one enbodi nent of the present
invention; Fig. 3 is a perspective view of a foam board placed in the
formwrk of Fig. 2 for fabricating a conposite cenent panel according to
one enbodi nent of the present 5 invention. Fig. 4 is a flowhart show ng a
process for fabricating a cenent panel using the formwrk of Fig. 2. Fig.
5A is a top view of a conposite cenent panel according to one enbodi nent of
the present inyention. 10 Fig. 5B is a bottomview of Fi Fig. 6Ais
a front view ofi&ri%gs %RerSPFE:PV%BeWSOfaa dppagoketari ¢omgnt §ng’élgvf0év9 @ﬁmmsge 5A.
Fig. 6Cis ap a perspective
bottom vi ew of é&ﬁérﬁbh ei%%&{j—‘&g% gg%%dlﬁggtt ?fgﬁ? E/)reclsf‘lrxg&%?e}&():?l onal

per spective vi ew of Fl g. 5A. Detailed Descrl ption of the Invention Fig. 2
shows a for mwoFig. 2,is patbespettivevial dfor fcemaqudré pldced io disd fmgma:rlconf‘rﬁégiﬁ for
cenent panel 800 . i S an arr cesses 3
forned on the Pagggaglw F%Bogte ciggtegggz&emfg ngggppffﬁﬁg)& }&epﬁlfe?enltrom
each o8 her acrgsenttdae base 20 surface 4 of the formwrk 2. GU| de abut nent s
6 are provided on two adjacent inner surfaces 214, 215 of the netal
formmrk 2. Formmork 2 further includes pins 8 p03|t|oned on the bottom
surface 4. Pinkigst i@ Bavchasihwhoniye 7 prosptster frseatingrd eeseentipatel pypgilsr k 2.
Formwork 2 endg {Pﬁ’\x}o gﬂ;%pﬁurn skirting 7 along the peripheral edge,

al l owi ng ease o han g the formwrk 2 during casting or transportation
of the cenent panel 800. -4- Fig. 3 illustrates a |light-weight core

mat eri al boar diigsi s agpavitw aiin bompdsiRO@mept paretladoordiog tamrdentbddafiaiteft he

rocess of ce cast.i ng of the conposite cenent panel
P n%e present invention, P P

10 Fig. 5B is a bottom view of Fig. SA.
Fig. 6A is a front view of Fig, 5A.
Fig. 6B is a cross sectional side view of Fig. 5A.
Fig. 6C is a partially enlarges view of Fig. 6B.
Fig. 7A is a perspective bottom view of Fig. 5A.
15 Fig. 7B is a partially cross sectional perspective view of Fig. 5A,

Detailed Description of the Invention

Fig. 2 shows a formwork 2, made of metal for example, for casting a composite
cement panel 800 shown in Fig. 7A. Formwork 2 has an array of recesses 3 formed on the
base surface 4. Recesses 3 are positioned spaced apart from each other across the base

20 surface 4 of the formwork 2. Guide abutments 6 are provided on two adjacent inner
surfaces 214, 215 of the metal formwork 2. Formwork 2 further includes pins § positioned
on the bottom surface 4. Pins 8 extend upwardly from the base surface 4 of formwork 2.
Formwork 2 ends with an upturn skirting 7 along the peripheral edge, allowing ease of

handling the formwork 2 during casting or transportation of the cement panel 800.



800. Foam board 200 has through holes 202 fornmed thereon by, for exanple,
drilling, stanping, cutting, punching or pre-made integratedly during a
nol di ng process formng 5 the foam board. Through hol es 202 are confi gured
such that, when foam board 200 is placed in formmork 2, each through hole
faces one recess of formwrk 2. Wen placed in formwrk 2, foam board 200
sits on pins 8, leaving a gap between fohm board 2 and bottom surface 4 of
formwrk 2. Fig. 4 is a fl owmchart of a process 300 for fabricating a cenent
panel using the g mwrk 2 shown in Fig step 302, foanlboard 200
havi ng t hr ough “Figi d<ilIpSt7as b dight Heteb! gLe mgteﬁplab@ad1 srchnes 4 deanderid220Gs ¢ h

two adjac Zﬁ]&ceﬁ'1HQ§rrr9I/oﬂ<@béf9fe%Qg?chs deffnt @ﬁﬁhg%gt}% c,rogﬁ)%g?é &e\ﬁ?cng Pbtﬁ%r y

abut nent This wa there is r msune a side et we
of foam bo¥i0d Berdn |bnwelr 23uhéatesughlMolen 02 Tarnmadd thereomdivk & ex%\tnpﬂ;& emlBﬂg’g a

pre-rn'xed eIf-Iev n i.gh strength .cement grout, with or wthout . 15
concrete HUTHRAETS @%1 rfglﬁfhfeﬂs 04 diF F%\S‘é iniegr a&rd@g&wag aA{lolgtnapvrgef’@s fppping
Cements gr QHé fbdn HBAMI elﬂh&'ﬂFﬁ h%&@mobofﬁr& Qoﬁﬁgur@@@uém&t f@ﬁéﬁ/\ﬁfa& goar@%'onlg
this step, cenent grout w & the Tound recesses in the formwrk

2, the gap m@m@mwkﬂoamhﬁbmuahan fotrs dnetreenss ofsfmmoeka dfhdnarlasedrik 2,

the gap b t he r of f oam boar.d 200 and nner  .sur S, 21
o1s, 9506 aniigh SrroBal hRafihe s P i FoPadne i, belieen 5 BBSER 366, 20
At step 3%;tomt@r@e¢mnffmﬂrkm Ils formmrk fully, and is trowell ed and

finished. At step 310 the cenent grout is left to dry and harden, hence to
forma cenent casing encapsul ati ng _foam bhoard 200, and formthe

50
conposite cene 1gp‘éﬁ%|a 3%/013%% 8 progere 306 dprrErbricating e GsEIeB! pans! uswg\ibg
fromige fommpenko amw%wg'mm@ Ulefghxﬂ%oaﬂf)ﬁ{)(ﬂﬁr}%}é eh%?gg%?e D Brmed

finishing requirenents 05| te cenent bricated
with a suithablos, s plasddi imgthk fyenwaonk 2,twith oo ad}nlcéracxedesl%rfrthex‘@rmrplbeardaetctmg

Cir i ace ofeTRY UustPRURBLRE SEBHIRE. BRI hEEF BanmeBed axisa horp<b R

onto the peApheyibl Bfen Bard BSd ﬂae@éurfa@&deArﬁdzlts%%mmwh the panel .
Alternatlvely col or cenent powders nay be supplied onto the top surface

of the wet conposite cenent panel and 30 dried together, so as to forma
col ored fini shiMgierayi a prawsiiedtsslfvlpvalling bighstengthegment grout, with or without

15 concrete hardener or chemical additive, is prepared. At step 306, the cement grout is
poured onto foam board 200 and into formwork 2. During this step, cement grout will fill
up the round recesses 3 in the formwork 2, the gap between the foam board and the bottom
surface 4 of formwork 2, the gap between the periphery of foam board 200 and inner
surfaces 214, 215, 216 and 217 of formwork 2, and the holes 202 of the foam board 200,

20 At step 308, the cement grout fills formwork fully, and is trowelled and finished. At step
310 the cement grout is left to dry and harden, hence to form a cement casing 502
encapsulating foam board 200, and form the composite cement panel. At step 314 the

formed cement panel is removed from the formwork 2.

Depending the building roof conditions and the finishing requirements, the

25  composite cement panel may be fabricated with a suitable finishing layer on its top
surface. For example, at an optional pre-dry finishing step 318, pebbles may be pours onto

the top surface of the wet composite cement panel. The pebbles are then attached onto the

top surface of the panel, and dried together with the panel. Alternatively, color cement
powders may be supplied onto the top surface of the wet composite cement panel and

30 dried together, so as to form a colored finishing layer. Imprints with predetermined



-5- patterns may al so be forned, by nolding or pressing the patterns on the
top surface of the conposite cenent panel. In a further optional after-dry
step 320, as an alternative of step 318, the dried conposite cenent panel
may be covered by tiles, wood panels or natural / artificial stones and/or
a layer of heat-insulating or waterproof coating. 5 Figs. 5A 513, 6A 6B,
6C, 7A and 7B illustrate a conposite cenknt panel 800 produced after step
314 of process 300 (shown in Fig. 4). Wth reference to Fig. 6A and Fig.

6B, it can bhe seen thag t. he f.oam %?Cfrd 200 i;s encapsul ated in the cenent
casi ng 502021CRLBY algo %ﬁowdsg%ﬂl BEPEPEssisethaRptterms onithp tpovrfeenobive and
bot t om POr &dudd s Berént il Cﬁ{@ﬂﬁth‘éﬁ§%tﬂ%81 aig%}wggtepm@%& APhR tivﬁ%@‘@{g%b

520a surroundi ng the foam board 200 a hé portions fillingthe
hol es 202 D8, theedriadannipmasite c@@ent fRock ney e ebveredrbyttileqsiond pahéR of inhtusali/n
t he hol es 21,9121 iolisfoam arﬁi 200 f?r.m'{;ﬁ colums 570. These columms 570
i ncrease the SFFUAEERNA QR[S of TPt gisutaRae CEMaIPTAaheNatiB80, and serve to
distribute applied weight, such as foot traffic, to reduce the likelihood

of foagn board 20gs.beANgBCEMS BRI GC, PAr hadNS Plustiite L sit6 &3mREt hadel igog i n
t he round re&esiﬁg of formmrk 2 formlegs 220 at 15 the bottom si de 250 of
€

t he conpodir® Bt stpA bt o8 pcendtio (shown iy Fig 4o Moshraieranct R00E. §4 and

chem cal | yg; ' : Ltiyes.in the, cemen
arout - i tLEr ot ghfd {ndRIAL 55R5 bEy 8 it A Bl B SRR % o
t he bott omlsgut facke &R DémtHig GE e thewpelorBa0204\aah bbeye lpbathnorug epththe
roof top surface of a building, |egs 220 rests on the roofp top surface,

provi di ng §TRRY Ase Srbopne tqy-fbﬂ_ ot Plospamend §2Pa Sereynsing BenSamctanse ROY e
spaces) of wdleas (BIFortidls fiﬁfngcmf@ht?‘l'gg go)é‘% t%g ff@ArQ BEard oY DR s ?{3 cefbnt'ASing

cenent panel 800. Provision o cyli nder shape a
mul ti - di r 862ifdksdh the holas BAL lo§ foamd boad 200afpimng oblumasisd0alThesd eslumns 5@

t el 80 dat t ti | t t to fl. [ .
il 1 ol o deit s SRGw wd FeBRV B gl e o enrisSYe toubt e ghaidge
of water eafgtiesiREhiserod HafR) tb RediRd e TiREMR! of RYUNEREARDB0 AN chiifel?S

foam board in the cenent casi ng,, water or noisture is prevented Trom
penet r at i Rgrtions 6f theecemsan sasingiillingtin theerotindnedssnad df fdremweek Herrh ilégs|22Reod of

the haam BRA PGl 786 bPheompdRIBdm AP iRRY sBY. Wi lonSlly, TRE RiH §oE99b6

i s avoi ded.
is chemically bonded to the cement casing 502 by additives in the cement grout.

With reference to Figs. 7A and 7B, legs 220 extend downwardly from the bottom

surface 250 of the cement panel 800. When levelled on top the roof top surface of a
building, legs 220 rests on the roof top surface, providing a network of multi-directional

20 free-flow paths between the spaces of the legs 220 for draining water along the underside
of the cement panel 800. Provision of legs 220 of cylinder shape and multi-directional

flow paths reduces trapping of residual water in the cement pane! 800, and at the same

time allows the water to flow in multiple-directions on the roof top surface level. Thus,

better drainage of water can be achieved even in heavy rainfall. By encapsulating the

25  foam board in the cement casing, water or moisture is prevented from penetrating into the
panel and wet the foam board, hence the likelihood of the foam board deformation or

damage caused by water or moisture content is avoided.

The size and thicknesses of foam boards 200 are kept in appropriate ratio to the size
and thickness of the finished cement panel 800 to achieve a satisfactory effect of thermal

30 insulating. In one embodiment, the dimensions of foam board 200 are 18mm thick by



The size and thicknesses of foam boards 200 are kept in appropriate ratio
to the size and thickness of the finished cenent panel 800 to achieve a
satisfactory effect of thermal 30 insulating. In one enbodi nent, the

di rensi ons of foam board 200 are 18mmthick by -6- 480nm w dth by 480nm

| ength. Specifications of the one exenplary polystyrene foam board 200 are
listed in Table 1 below. Table |I Specifiation of foam board -Property Test
Method Unit(s) T ical Value(s) Density kg/nB 40 - 50 Thermal ASTM C518:

1991 Wm 02207 , Conductivity kcal /mm K 0,01897 10% Conpressive ASTM D
1621: N m%@%ﬁlrw*d@t %RQ@F 808P 2 RPECSIEHGOIE Hntha I9F ek g PelzssTeng £OaRY mi n

10.0 d a%a{.d@@ér@%{eﬁ\\{@mg 1R ng rate) Water Absorption ASTM C272:
2001 % 0.01 (Average) Tenperature of Hot C 40.77 Surface Tenperature of C
19.95 Cold Surface Mean Tenperature C 30.36 5 The conposition of an

exenpl ary pre-m xed, self-Il®yeling, SBE&hcaiiohméﬂn%ﬁﬁnt grout is listed
in Table 2 bel ow.

Property Test Method Unit(s) Typical Value(s)
Density kg/m? 40 ~ 50
Thermal ASTM C518: 1991 | W/m °K 0.02207
Conductivity

keal/mm °K 0.01897
10% Compressive | ASTM D 1621: | N/mm? 0.30
Strength (Average) | 2000
Flammability ASTM C635: 91 cm/min 10.0
Classification
(Average buming
rate)
Water Absorption | ASTM C272: 2001 | % 0.01
{Average)
Temperature of Hot °C 40.77
Surface
Temperature of °C 19.95

Cold Surface

Mean Temperature °C 30.36

The composition of an exemplary pre-mixed, self-leveling, high strength cement
grout is listed in Table 2 below.



-7- Table 2 Composition of cenent out Nanme CAS Proportion Portland Cenent
65997-15-1 10 - 60% Sand (Crystalline Quartz) 14808-60-7 10 - 60% Flow
Aid, Plasticiser 0- 1% Concrete Strengthener Additive 250 m The
specification of an exenplary concrete strengthener is listed in Table 3
bel ow. Table 3 specification of the concrete strengthener Pro er Unit
Typical Value Solid Content % > 40 Densfty kg/nB 1.16 0.04 Crack Filing
mm 0.1 -2 Depth of Absorption (for mfrm1 -8 G ade 20 Concrete) Flash Point
Wat erborne Not flamable Drying Tinme hours 1 -3 Weather Condition C 10 -
50 UV Resistance Stable 5 1t will be appreciated by persons skilled in the
art that nunerous vari ati ofgbladd/ or Compdsifip af ¢eoment tbe made to the

invention as shown in the specific enbodi ments without departing fromthe
spirit or Msmpe of the invention as brofAYy descri bed; Pidmrfioesent
enbodi nents are, therefore, to be considered in all respects as
i Il ustratiRetlandCeaotnt restrictive. 65997-15-1 10 - 60%
Sand (Crystalline Quartz) 14808-60-7 10 - 60%
Flow Aid, Plasticiser 0-1%
Concrete Strengthener Additive 250 ml

The specification of an exemplary concrete strengthener is listed in Table 3 below.

Table 3 specification of the concrete strengthener
 Property Unit Typical Value
Solid Content % > 40
Density kg/m? 1.16 = 0.04
Crack Filing mm 0.1-2
Depth of Absorption (for | mm 1-8
Grade 20 Concrete)
Flash Point Waterborne Not flammable
Drying Time hours I3
Weather Condition °C 10 - 50
UV Resistance Stable
5 It will be appreciated by persons skilled in the art that numerous variations and/or

modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present
embodiments are, therefore, to be considered in all respects as illustrative and not

restrictive.



