
;OPQRe3e44<v6Th{w0 00I61519 TITLE: CONCRETE FORMULATION FIELD OF THE
INVENTION PCTIAU00/00301  '1GG1GG" The present invention relates to
lightweight concretes and particularly but not only to lightweight
concretes for use as core infill for sandwich panel walling. ~ B.=\C
~GkOLivTD OF Tip Lv"v`r,iv-~'IO:~' The technology involved in producing and
pumping lightweight concrete is well known in the prior art. It can
generally be achieved using two types of density modifiers, namely foam and
lightweight aggregate. Foamed concrete is made by introducing a
water-based, gas-filled foam into a o paste that is typically formed with
water and Portland cement alone or Portland cement with a fine, lightweight
aggregate. The foam structure is developed by adding a gas generating
chemical to the Portland cement paste, or by mixing a pre-formed, water
based foam into the cement paste to achieve a density below l000 kg/m3. The
latter method requires that Portland cement be mixed with a pre-formed ~ 5
aqueous faam that is produced using a commercial foaming agent, such as a
hydrolysed protein. This approach requires a foam generator on site to make
the foam. Correct ratios of foam to concrete, particularly at the job site,
are difficult to maintain. This difficulty can lead to the possibility of
non-uniformity of the final foamed concrete produced. as well as variable
mix quality, pumpability, ex rudability, 2o and finishing characteristics.
The problems are exacerbated by the fact that the foam begins to collapse
from the moment it is formed since the foam is not self generating.
Ligthweight agarenate concrete, made by mixing lightweight aggregate such
as expanded polystyrene, perlite and vermiculite together with a mortar is
mainly targeted   WO 00I61519 -2 PCT/AU00/00301 at applications with
concrete density above 1000 kg/m~. Difficulties arise, however, in mixing
the cementitious slurry and the lightweight aggregate due the tendency of
the aggregate to clog and segregate because of its inherent composition and
low specific gravity. '~o rna!~ce suc pol;rs~.~::;n:: concrete pumpable it
may be necessary to increase the water content in the mix to overcome
friction in the pipes. This tends to aggravate the segregation and clogging
problems associated with lightweight aggregate concrete production. 



Such lightweight concretes ie. foamed concrete and lightweight aggregate to
concrete have been used as core infill for sandwich panel walling but are
subject to certain difficulties. Foamed concrete exhibits a high
hydrostatic pressure during core filling which sometimes necessitates the
use of structural formwork bracing during core-filling of sandwich walls.
The mix may also collapse heavily during pumping and pouring from ~ 5 the
top of the wall height down into the wall cavity. As far as lightweight
aggregate concrete is concerned, core infill needs to exhibit a density of
1000 kg/m3 or below, which is outside the normal density range for `
lightweight aggregate concrete. To achieve this, up to 1 m3 of bulk
lightweight aggregate volume per 1 m3 of mix is needed to be incorporated
in the mix. This leads 20 to difficulties in the coatabiliry of lightweight
aggregates due to the insufficient mortar volume present which consequently
results in poor mix homogeneity and insufficient bond betwen the mix
constituents.   WO 00I61519 -3 PCT/AU00/00301 The inclusion of
air-entraining agents (AEAs) to improve freeze/thaw durability, aid
pumpability, improve workability, and lower the density of concrete has
long been practiced in the art. The AEA dose was normally specified to
range between ~% to 9% air volume in the mix, with air content limit set to
a maximum of 22% by ASTM C 1 ~ G. Air contanets higher than this were
normally avoided especially in pumped concrete, for a range of reasons
including: during pumping a highly air-entrained concrete, the air bubbles
tend to break upon impact with the pipe walls, joints elbows, forms, and
the like which leads to variable air contents in the placed concrete;  10
the pumping stroke can be absorbed by the compressible air enclosed by the
pipeline, leading to pumping failure; the compressibility of excessive air
during pumping will reduce its effectiveness as a workable medium and make
it more difficult to place; excessive air in the mix can cause the placed
wet concrete to collapse due to the 15 instability of the air-void system;
and highly air entrained concrete can lead to excessive reduction in the
strength of the hardened product. It is an object of the present invention
to overcome or ameliorate one or more of the disadvantages of the prior
art, or at least to provide a commercially useful 20 alternative. 



WO 00/61519 -4 DISCLOSURE OF THE INVENTION PCTIAU00/00301 Accordingly, in a
first aspect, the invention provides an additive for preparing lightweight
concrete, said additive including a blend of around 40 to 99% of organic
polymeric material and from 1 to around 60% of an air entraining agent. 5
L~ another aspect the invention comprises a lightweight concrete
formulation including one part of cementitious binder, 0.~ to around 1.~
parts by volume of inert filler, 2 to around 6 parts by volume of
lightweight aggregate per part by volume of cementitious binder and up to
around 2% by weight of the additive. The additive allows the production of
lightweight concrete mix containing t o preferably up to around 60%
entrained air volume. Ideally, the concrete mix contains between 25% and
around ~0 % entrained air volume. This ultra high content is not normally
used in concrete mixes due to the difficulty in controlling the mix. Such a
high air entrainment level normally also provides difficulties in
workability, consistency in density and tendency to collapse, particularly
if pumped vertically or at l5 high pressures. The concrete produced from
the abovementioned cement formulation, may range in density up to
1200kg/m3, however, the improved air stability provided by the blend
additive allows the production of a lightweight concrete with a density
well below 1000 kg/m' eg. 450-650 kg/m3 with less lightweight aggregate
volume than in conventional 3o mixes of comparable density. By way of
comparison, in one embodiment the use of the blend additive has allowed the
polystyrene bulk volume in a 1 m3 of mix to be reduced from around 1 m- to
around 0.7 to 0.8m3 This reduction also results in better coatabiliry of
the polystyrene aggregate (i.e. helps ensure that the entire surface of
each   WO 00/61519 PCT/AU00/00301 -5 bead is covered), improved mix
workability, and improved bond between the lightweight mortar component and
the polystyrene component in the mix. In one preferred form of the
invention, the lightweight concrete produced by using the blend additive
may be used as core infill in sandwich walling applications .vtthout the
need for internal or ewernal vibration oc forrnwork bracing. It also
enables the use of nail-fixing of fibre reinforced cement facing sheet onto
the steel framing members without excessive bowing or blow out. Preferably,
the proportion of organic polymeric material in the additive is 



between 60 and around ~90% and more preferably between 70 and around 85%.
Preferably there is between 10 and around 50% of the air-entraining agent
in the blend and more preferably between 20 and around 40%. A broad range
of organic polymeric materials may be used in the blend. Preferably the
organic polymer will comprise one or more thixotropic agents which either
dissolve in water or which at least form colloidal dispersions in the
presence of ~ 5 water to produce an increase in viscosity. Suitable organic
polymeric materials include cellulose derivatives such as
hydroxymethylcellulose, hydroxyethyl cellulose or hydroxy propyl methyl
cellulose; polysaccharides such as starches or alginate; and synthetic
hydrophilic polymers and copolymers such as polyvinyl alcohol, polyethylene
oxide or polypropylene oxide. 20 Any suitable air entraining agents may be
used. The term air entraining agent refers to surface active agents
(surfactants) which act to entrain air in the composition as it is mined
with water andior pumped Su stable air entramin` agents include one or   WO
00/61519 PCTIAU00/00301 -6 more nonionic, cationic and anionic surfactants
such as sodium salts of alpha olei~n sulphonates and sodium lauryl sulphate
or sulphonate. The additive may be mixed with a broad range of cementitious
binders which include all inorganic materials comprising compounds of
calcium, alunninium, silicon, 5 oayge,~ (:uld!or sulphur which exhibit
hydraulic act: vit;: i::. s;,t solid and hard in the presence of water.
Well known cements of this type include common Portland cements, fast
setting or extra fast setting, sulphate resisting cements, modified
cements, alumina cements; high alumina cements, calcium aluminate cements
and cements which contain secondary components such as fly ash, pozzolana
and the like. The term 10 "cementitious binder" includes other well known
binders such as fly ash, slag etc. and mixtures thereof with Portland
cement. Suitable lightweight aggregates are also well known in the art.
They include a range of natural and synthetic lightweight aggregates such
as perlite, vermiculite and expanded polystyrene. The expanded polystyrene
may be in the form of balls) beads, 15 pellets or reclaimed particles. The
lightweight concrete may also include between 50 and 100% by weight of the
cementitious binder of an inert densifying ingredient in particulate form
or an inert particulate material. The term "inert particulate material"
indicates a material being inert with regard to other components of the
composition, having a density greater than 2o the lightweight aggregate and
less than ~ mm in size. The preferred inert particulate material is natural
masonry sand. In a further aspect. the present invention provides a method
of constructing a 



wall comprising the steps of providing a frame having a plurality of
substantially   WO 00/G1519 PCT/AU00100301 parallel mutually spaced apart
frame members, attaching facing sheets to said frame and filling the cavity
formed between said facing sheets with a lightweight concrete, the
lightweight concrete comprising a cementitious binder, a lightweight
aggregate and up to 2% of an additive comprising a blend of 40-99% of
organic polymeric material or 5 combination tilereot and 1-60% of air
entrairung agents. In still a further aspect, the present invention
provides a method for forming a pumpable lightweight concrete mix
comprising the steps of firstly mixing the additive 4 with water to form an
aqueous solution, secondly adding expanded polystyrene aggregate to the
aqueous solution and thereafter adding cementitious binder. Further
unexpected benefits arise particularly when polystyrene is used as a
lightweight aggregate filler material. There is a known problem with
polystyrene in this context, in that the individual particles tend to
develop electrostatic surface charges. This causes the aggregates to clump
together and float to the top of the mix in situ, eiving rise to uneven
distribution, compromised structural integrity, and largely 15 negating the
intended effect. In order to overcome this problem, it is usually necessary
to pretreat the polystyrene aggregates in order to neutralise them. This
requires additional chemicals, a separate process step, and often a
subsequent drying process as well. However, the applicant has found that by
use of the above defined additive, this problem of clumping can be avoided.
In this regard, the additive is initially mixed with water to form an
aqueous solution, and the polystyrene is then added to this solution.
Unexpectedly, this has been found to neutralise the surface charge on the
polystyrene, without anv additional chemicals or process steps being
required The solid components are then added to the mix as a final step. By
obviating the need for a   wo 00/61A9 _g_ PCT/AU00/00301 separate
pretreatment process for the polystyrene aggregates, substantial material
cost savings and production efficiencies can be realised. Another advantage
arising from the present invention when used in conjunction with
polystyrene lightweight aggregate is the bond strength between the
polystyrene 5 aciii concrete. For reasons that are not ei,ure~y understood,
the polystyrene does not normally bond well with a cementitious binder. It
is suspected that this may be due to the hydrophobia nature of the
polystyrene aggregate. Not wishing to be bound by any particular theory,
the applicant has found that use of the additive defined above also 



increases the bond strength between the polystyrene aggregate and the
surrounding t cementitious binder. This may be due to the polystyrene
aggregate being rendered hydrophilic or other mechanisms which cannot at
this time be fully analysed. In any event, as will be discussed below there
is a substantial improvement in the bond strength between the polystyrene
lightweight aggregate and surrounding cementitious material. 15 Unless the
context clearly requires otherwise, throughout the description and the
claims. the words `comprise', `comprising', and the like are to be
construed in an s inclusive as opposed to an exclusive or exhaustive sense;
that is to say, in the sense of ` "including, but not limited to". BEST
MODE FOR CARRYING OUT THE INVENTION 30 So that the present invention may be
more clearly understood it will now be described with reference to the
following examples.   WO 00l61519 PCTlAU00/00301 -9 Example 1-3 describes
various mixtures of lightweight concrete using polystyrene aggregate,
perlite and vermiculite as lightweight aggregate and sand and fly ash as
fillers. Example 1: Use of EPS as lightweight aggregate and sand as filler.
^l~lcx W gredients ~_ ~~Duant~cy ^-. ~-^~~1L~nTt -----_ Cement50
`kgSand40kg Polystyrene Aggregate (50% solid/bulk ratio) 200 ~ ~~ litres W
ater3 5 ~litres Blend: Air Entrainer (Anionic Surfactant) Organic polymer
0.1 %  0.3% by wt. of cement  by wt. of cement Density of fresh mix500k~lm'
Yield of fresh mix250litres % Entrained Air30% Example 2: Use of
polystyrene as lightweight aggregate and fly ash + sand as filler. ~ Mir
IngredientsQuantityUnuCement30kg Sand20kj Fly Ash43kg Polystyrene Aggregate
(50% solid/bulk ratio)_ 22Slitres , W ater45litres Blend: 



Air Entrainer (Anionic Surfactant) Organic polymer . 0.1 % 0.3% by wt. of
cement  by wt. of cement Density of fresh mix500kg/m' Yield of fresh
mix280litres % Entrained Air30%   wo ooislsl9 - 10 Example 3: Use of
Perlite as lightweight aggregate. PCTiAU00t00301 Mix
IngredientsQuantityUnit Cement40kg Sand40kg Perlite (50% solid/bulk
ratio)40 ~litress `;v':a~r ~30 ~ _ _ --___._.__ _litres yBlend -V___ _
__-~__ Air Entrainer (Anionic Surfactant) Organic polymer_. _~ _ _ _ 0.3%
0.3% by weight of cement by weight of cement Density of fresh mix700kg/m'
Yield of fresh mix160 ~litres % Entrained Air50% Comments on Examples 1-3
The mixes prepared according to those recipes were pumped into the cavities
of a 5 number of fibre reinforced cement lined sandwich walls, 2400 mm x
2400 mm x 75 mm in size. Upon observation, it was found that the mixes
were:  Pumpable, i.e. no clojging of line or segregation of mix was
observed.  Stable, i.e. the air-entrained mix sustained its level in the
wall cavity and did not collapse. 



I o The YIELD of the fresh mix means the volume of the mix produced in one
batch. It is important that this yield is maintained after pumping and
placing of the concrete, which indicates the stability of the mix. The
density of the FRESH mix means the density of the concrete before setting,
which is the one most critical to the application of wall core filling.
Examples 1 and '_' Air Entrainer sodium lauryl sulphate   wo ool6zsr9
Organic Polymer Example 3: Air Entrainer Organic Polymer 5 hydroxypropyl
methylcellulose Mvristamine Oxide hydroxypropyl methylcellulose
PCTIAU0010030t The applicant has found that when the blend additive is used
to produce a lightweight aggregate concrete, the resultant mix has similar
pumpability performance c; ~ . .. to that of a conventional lightweight
aggregate mix. Example 4 below compares the pumpability performance of two
lightweight 20 ! o concrete mixes, one with air entrainment and one
without, containing a similar volume of polystyrene aggregate. Sixteen
batches of each mix were produced, pumped to the 8`~' floor and used for
core-filling of sandwich walls lined with FRC facing. The two mixes were
run back-to-back to minimise site, equipment and human interference with
the core filling rates produced. It can be seen that the core filling rates
corresponding to ! 5 each mix. taken as core-filled area (m~) divided by
pumping time (hrs), were comparable. Example 4: Pumpability performance of
lightweight aggregate (polystyrene) concrete with and without
air-entrainment. ulix Ing~~edientsNon Air-entrained Conventional
MixAir-entrained uhxMIX DESIGN Cement~0 k~~0 k~ Sand90 kg4~ kg Pol~~styrene
Aggregatel50 litres200 litres Water37 litres3~ litres   WO 00/61519 -12
PCT/AU00/00301  Blend Air Entrainer (.Anionic Surfactant)nil0.1% by wt. of 



cementOrganic polymer (Cellulose ether) nil0.3% by wt. of cement %
Entrained Air (calculated from yield and density measurements) 2% 25% %
Polystyrene aggregate (calculated TTn;T; yl~[Cl lilCl n.^,SItV
LTlc:331:,'~T:1~'ilCS) ~ _ __. 4!% I . __ _ 47%_ __ _..___ __- . :`iT
i`~ile~liVtl J 1 :=Si 1lui~_ _ __ Density of fresh mix1075 kg/m'S25 kg/m'
Yield of fresh mixl70 litres240 litres Mixing/pumping time ( 16 batches)100
minutes75 minutesON THE 8 FLOOR Density of fresh mix1100 kg/m575 kg/m' Loss
in yield . ' ~2%9% Wall core-filling rate28.8m`/hr26.4m`/hr Clearly better
mix pumpability resulted from inclusion of the blend additive in the mix
which led to reduced friction in the pipes. Also, less clogging of the
pipes will be experienced due to improved mix homogeneity, better
coatability of beads and its segregation-free characteristic. The
applicants have found that the lightweight aggregate concrete resulting
from use of the blend additive provides not only substantially lower
density but enables - reduced hydrostatic pressure and dynamic thrust
during core filling.  . Example.' , ' 5: E~~ t of bowing comparison in
core-filled walls. The two mixes shown in example 4 were pumped into a 400
mm wide, 2.4 m high wall cavity and the central deflection (bowing) on the
6 mm fibre reinforced cement (FRC) facing sheet during the core filling was
measured using Linear Voltage Displacement Transducers (LVD'Ts). They are
shown in the table below: ~t~ p oN 1' ~~--~~t~ .~e~   -13 Lightweight
Concrete MirDeJleclion at 300 mm rom wall baseDeflection ul 600 mrn rom
wall baseConventional 1000 k m' mix4.00 mtn3.8 mmAir-entrained 500 k m
mix1.7 mm1.6 rnm From the deflection measurements outlined above it can be
seen that the air entrained 500 kgJrn3 densi!y mix enables around a 50%
reduction in the bowing of ~'1~C 5 facing whcn used as core mfill in lieu
of the conventional l000 kg/m~ density mix. Exam lp a C: Dynamic thrust
comparison in core-filled wails. The two mixes shown in example 4 were
pumped into a 400 mm wide, 2.4 m 



high wall cavity, and the dynamic response (thrust) during core filling was
measured using an accelerometer- mounted near the wail base (Figures 1 & 2
belo~u)_ It can be 10 seen that the lightweight concrete (air-entrained)
mix exhibited significantly less dynamic thrust compared with the
conventional polystyrene aggregate non-air-entrained mix. Memory 2 3.000 A2
2 -3.000 Sample: 100HZ Trlg: Free Zoom: x 1.0 ~ocm~ x0.7 Vu. 1. , ~ ~I'T dU
.YII',un nnn40_0D0  t5 Figure 1 Dynamic response of conventional mix - 1100
kg/m3 density 5 -~~~ 0 rJ I~- H n-~tt1 ~-cr~~.   . -14 MtmarY 1 3.000 AZ 1
-3.0D0 Zopm~ xi.0 Zoortb x0,7 Sample; 100HZ Trig: FreQ r r./~' ~' `.~'~ '~
~v n - '~~ ' 4r,."I ta,OQO - - ~O.D0~0~ a Figure 2 Dynamic response of
air-entrained mix - 500 kg/m~ density The reduced hydrostatic pressure
exemplified in example 6 has significant advantages over the prior art. 1t
enables elimination of the need for external formwork 5 bracing to control
bowing and blow-out of the wall panel. It also enables quicker l0 15
construction since a nail gun may be used to fix the fibre reinforced
cement facing sheets to the frame rather than screw fixing. Reduced
hydrostatic pressure and dynamic thrust during core filling also enables
the use of lighter gauge steel frarrung due to less stiffness/torsional
requirements. A number of other surprising and unexpected benefits have
been found to flow from the present invention including improved
homogeneity of the resultant lightweight aggregate concrete. The
lightweight mix is free flowing) self levelling, segregation free 



and can be uscd to fill, for example, the cavity in a sandwich wall without
the need to consolidate the mix by internal vibration or external tapping.
WO 00I61519 -1~ Example 7: Moisture retention comparison. PCTIAU00/00301
The two mixes shown in example 4 were poured into 2400 mm x l200 mm x 75
mrn walls constrscted using studs of the same gauge at the same pitch and
allowed to 5 cure at ambient conditions for two weeks. The walls were then
transferred to a drying cell where they were subjected to 20 cycles of 360
minute duration with half the time at ambient temperature and the other
half at 45C. This was followed with a further 10 cycles of 60 minutes of
heating at 70C and I O minutes at ambient temperature. After the drying
exposure, core samples were taken and the moisture content of each wall was
determined at a similar location in each wall. The results of the moisture
analysis revealed that the lightweight concrete (air entrained) mix
retained 9.38% moisture compared to 5.13% moisture in the conventional
polystyrene aggregate non-air entrained mix. This indicates that, even
after severe prolonged drying, the lightweight mix according to'this
invention exhibits water retention capability up to almost double the
moisture retained in the conventional mzx. From the above, it can be seen
that the lightweight concrete mix exhibits superior water retention
capability compared with conventional lightweight (polystyrene) concrete.
This limits the volume of water liberated by the mix within the wall
cavity, 2o resulting in reduced wetting of the fibre reinforced cement
facing sheets. Consequently, the facing sheets suffer less degradation in
their structural properties. In paricular, their stiffness and screw
holdin' capacity are maintained, leading to less bowine and blow-out during
core filling. Also, drier sheets lead to lessened and more   WO 00/61519
PCTIAU00/00301 - 16 progressive shrinkage of the sheet as the wall dries.
This causes less strain (less opening) at the jointed gaps between the
sheets. Another outcome of the effect of improved water retention of the
core mix is the reduced j oint degradation due to the reduced volume of
excess free water coming from 5 the mix and diffusing through the j oints.
This enables better adhesion of the base compound and less damage to and
distortion of paper jointing tape extending between adjacent facing sheets.
Also, drier joints enable, quicker and earlier jointing of walls on i 



site and reduced degradation from any alkali dissolved in the cement water
permeating into the jointing zone. Example 8: Bond strength comparison. The
walls subjected to drying in example 7 were tested for bond strength
between the fibre reinforced cement facing sheets and the two mixes
outlined in example 4. This was achieved by applying a tensile force to the
FRC/core interface at different wall 15 levels along its height. The
results are shown in the table below: Test locationBond Stress (MPa)along
wall heightConventionalFailure ModeAir-entrainedFailure Mode1 I00 kg/m3
mix500 kg/m' mix300 mm0.12Adhesive0.14Cohesive900
mm0.07Adhesive0.11Cohesive1800 mm0.08Adhesive0.08Cohesive2100
mm0.00Adhesive0.06Cohesive It can be seen that. upon cyclic drying. the
air-entrained mix exhibited less degradation m bond strength compared with
the conventional lightweight mix. It can 3o also be noted that the two
mixes exhibited distinctly different failure modes. The   WO 00/61519
PCT/AU00/00301 -17 conventional mix failed in an "adhesive" manner, i.e. by
separation of the FRC component from the core along their interface. The
air-entrained mix, on the other hand, failed in a "cohesive'' manner, i.e.
the FRC/core interface remained bonded and the failure occurred in the
core. 5 From the above, it can be seen that the lightweight mix according
to the present invention exhibits superior adhesion to the fibre reinforced
facing sheets. That is to say, the composite strength of
sheet/concrete/sheet is improved which leads to improvement in the overall
performance characteristics of the sandwich wall. This is quite surprising
since there was nothing to suspect that the additive or process for
producing the lightweight concrete formulation would exhibit such superior
adhesion. It will be clear to persons skilled in the art that such
"cohesive" failure is a substantial improvement over and above conventional
techniques. Example 9: Anchor pull out comparison. . The walls subj ected
to drying in example 7 were tested for their anchor pull out load
capacities. Anchor holes were drilled and two types of anchors were
inserted in both walls and tested by applying an a.~cial load to the bolt
head until a peak load was reached defining anchor yielding. The results
are shown in the table below: Pull out Load (KN)Anchor TypeConventional 1
l00 kg/m' mixAir-entrained Q00 kg/m3 mixHILTI HGi~i 12 (~10 mm Bolt
size)2.110.71HIL TI HHD 6/19 (~6 mm Bolt size)0.901.30 30   WO 00/61519 -18



PCTlAU00100301 It can be seen that when an anchor intended for conventional
Ii~htweieht concrete was used, i.e, the HILTI HGN 12, the air-entrained mix
exhibited 6~% lower pull out load compared with the conventional mix. Since
this anchor relies on core density to achieve its pull out load
characteristic, the fact that the lightweight concrete is >j% 5 lower in
density translates into reduced tensile strength and consequently reduced
pull out strength. On the other hand, when a cavity wall anchor HILTI HHD
6/19 was used, the table shows that the pull out force trend relating to
the two mixes was reversed, i.e. the air-entrained mix exhibited 44% higher
pull out load compared with conventional mix. This result is believed to be
related to the improved bond strength of the air-entrained mix which helps
transfer the pull out forces directly to the facing sheet, due to the
presetting action required by the anchor prior to its being loaded. When
the I-~-ID type anchor is set, the body is collapsed into four radially
onented arms that come into contact with the facing skin. In short, the
carrying capacity/density ratio of the core 15 mix is substantially
improved. This result is quite surprising. Not only does the lightweight
concrete provide Good insulation due to high entrained air volume, but at
the same time it meets acceptable hangin~ capacity requirements needed for
hanging basins, cupboards, and the like. ?o Example 10: Density
Modification Typical formulations for lightweight concrete with densities
of 1200ka/m' and 4~Okg/m3 are shown. Both examples showed excellent
dispersion and bond strength with the polystyrene aggregate.   WO 00/b1519
-19 PCT/AU00/00301 Mix Density~1200120DLitresKgRatio by vol.Ratio by
wt.Binder253354100.00%100.00%Inert Filler394630155.56%177.78%Poly
:~~~regnie ~295 ~~ j1 16.67%~0.83/ `Y'~`yA_ _ __-_~.-. __._ __ _ _ .. ..
__i _ _ _ _ _ __._ 1._ _ _ - ~;.~~%i_ _ . j.61Additive722.72%0.68%Mix
Density450450LitresKg ~Ratio by vol.Ratio by
wt.Binder108151100.00%10D.00%Inert Filler9515l87.50%100.00%Poly
Aggregate9469875.00%~6.25%`Vaterl40140I29.85%92.7S%Additive625.25%~ 1.31%
In all these respects, the invention represents a practical and
commercially significant improvement over the prior art. Although the
invention has been described with reference to specific examples it will be
appreciated to those skilled in the art that the invention may be embodied
in manv other forms. 



WO 00/61519 PCTlAU00/OD301 -20 CLAIMS 1. An additive for use in the
preparation of lightweight concrete, said additive including a blend of
around 40% to 99% of organic polymeric material and 1 % to .:zouac 60% of
an air er_tT-w.-;~? ~~--~~ .. 2. An additive according to claim 1,
including between 10% and around 50% of the air entraining agent. ( 3. An
additive according to claim 2, including between 20% and around 40% of the
air entraining agent. l0 4. An additive according to any one of claims 1 to
3, wherein the organic polymeric material includes one or more thixotropic
agents to enhance viscosity. 5. An additive according to any one of claims
1 to 4, wherein the organic polymeric material is a cellulose derivative, a
polysaccharide, or a synthetic hydrophilic polymer. 6. An additive
according to claim 5, wherein the organic polymeric material is 15 selected
from a group consisting of hydroxymethyl-cellulose;
~hydroxyelh~t'f.~ellulose, - . ...-M,~ . _. ~ ~. hydroxy propyl methyl
cellulose, starch, alginate, polyviriyl alcohol; pol j~tthylene- ' =' ~"
oxide and polypropylene oxide. " . 7. An additive according to any one of
claims 1 to 6, wherein the air entraining agent includes one or more
nonionic, cationic or anionic surfactants. 30 8. An additive according to
claim 7, wherein the air entraining agent is a sodium salt of alpha olefin
sulphonate, or sodium lauryl sulphate or sulphonate. 9 :fin additive
accordin; to any one of claims l to 8, including between 60% and around 90%
of the organic polymeric material.   WO 00/61S19 -21  PCT/AUOOI00301 10. An
additive according to claim 9, including between 70% and around 85% of the
organic polymeric material. 11. A treatment agent for polystyrene
lightweight aggregate to be used in the preparation of lightweight
concrete, said treatment agent comprising an aqueous 5 solution of an
additive according to any one of claims 1 to 10. 12. A lightweight concrete
formulation including around 1 part by volume of cementitious binder, 0.5
to around 1.5 parts by volume of inert filler, 2 to around 6 (' parts by
volume of lightweight aggregate per part by volume of cementitious binder,
and up to around 2% by weight of the additive according to any one of
claims 1 to 11. 10 13. A lightweight concrete formulation according to
claim 12, wherein the 



cementitious binder includes one or more compounds of calcium, aluminium,
silicon, oxygen or sulphur, or compositions of Portland cement, sulphate
resisting cement, modified cement, alumina cement, high alumina cement,
calcium aluminate cement or cements containing secondary components
including fly ash, pozzolana or slag. 15 14. A lightweight concrete
formulation according to claim 12 or claim 13, wherein the lightweight
aggregates include perlite or vermiculite. 15. A lightweight concrete
formulation according to claim 12 or claim 13, wherein the lightweight
aggregates include expanded polystyrene. 16. A lightweight concrete
formulation according to claim 12 to 15, wherein between 20 around 50% and
100% by weight of the cementitious binder includes an inert particulate
material. 17 A lightweight concrete formulation according to claim 16.
wherein the inert particulate material is natural masonry sand.   WO
00I61519 PCTIAU00I00301 _ 77 _ 18. A lightweight concrete formulation
according to any one of claims 13 to 16 wherein the cementitious binder is
a blended cement comprising 10-90% by volume of Portland cement and 90-10%
by volume of a mineral additive such as fly ash, slag, ' metakaolin. silica
fume or the like. 5 19. A concrete mix including a lightweight concrete
formulation according to any one of claims 12 to 18 and containing up to
around 60% of entrained air volume. 20. A concrete mix according to claim
19 and containing between 25% and around i 50% of entrained air volume. 21.
A concrete mix according to claim 19 or claim 20, having an overall density
of l0 between around I200kg/m3 and around 450kg/m3. 22. A concrete mix
according to claim 21, having an overall density of between 450 kg/m3 and
around 650kg/m3. 23. A method of constructing a wall comprising the steps
of erecting a frame having a plurality of substantially parallel mutually
spaced apart frame members, attaching 15 facing sheets to said frame, and
filling a cavity formed between said facing sheets with the lightweight
concrete mix according to any one of claims 19 to 22. ,~ 24. A method of
forming a pumpable lightweight concrete mix comprising the steps of firstly
mixing an additive according to any one of claims 1 to 11 with water to
form an aqueous solution, secondly adding expanded polystyrene aggregate to
the aqueous z0 solution, and thereafter adding a cementitious binder. 25. A
method according to claim 24. wherein the mix consists of: 1 part by volume
of cement~tious border; 0.5 to 1.5 parts by volume nominal water; 0.5 to
l.~ parts by volume inert filler; 



wo oo~6isr9 -23 1 to around 9 parts by volume lightweight aggregate, and
PcTiauoo~oo3oi up to around ~% by volume of additive.   -20[AUIE~IDED PAGE]
CLAIMS 1. A treatment agent for polystyrene lightweight aggregate to be
used in the preparation of lightweight concrete, said treatment agent
including a blend of around -.~u C;i ~i~lu 0: '~..,.-,. ~ ,-1 ,--~ir::. ~_,
~~;;.,1 ,~.~~ loi, r-. ~r;7;:f;L~ ~J0% OI c'L7 21` eC~.~:LUi;l~, 5 agent.
2. A treatment agent according to claim 1, including between 10% and around
50% ( of the air entraining agent. 3. A treatment agent according to claim
2, including between 20% and around 40% of the air entraining agent. 10 4.
A treatment agent according to any one of claims 1 to 3, wherein the
organic polymeric material includes one or more thixotropic agents to
enhance viscosity. 5. A treatment agent according to any one of claims 1 to
4, wherein the organic polymeric material is a cellulose derivative, a
polysaccharide, or a synthetic hydrophilic polymer. 15 6. A treatment agent
according to claim 5, wherein the organic polymeric material is selected
tom a group consisting of hydroxymethylcellulose, hydroxyethyl cellulose,
hydroxy propyl methyl cellulose, starch, alginate, polyvinyl alcohol,
polyethylene oxide and polypropylene oxide. 7. A treatment agent according
to any one of claims 1 to 6, wherein the air 2o entraining agent includes
one or more nonionic, cationic or anionic surfactants. 8. A treatment agent
according to claim 7, wherein the air entraining agent is a sodium salt of
alpha olefin sulphonate, or sodium lauryl sulphate or sulphonate. 9. A
treatment agent according to any one of claims 1 to 8, including between
60% and around 90% of the organic polymeric material.   -21 [AMENDED PAGE]
' 10. A treatment agent according to claim 9, including between 70% and
around 85% of the organic polymeric material. 



11. A Iighriveight concrete formulation including around 1 part by volume
of . . ,~~: _ `' ,- ~ .. :, , . ~'~ ~-, of ir:~rt filler, 2 to ~ro~~~d 5 5
parts by volume of lightweight aggregate per part by volume of cementitious
binder, said lightweight aggregate including expanded polystyrene treated
with the treatment ( agent defined in any one of claims 1 to 10.  12. A
lightweight concrete formulation according to claim 11, wherein the
cementitious binder includes one or more compounds of calcium, aluminium,
silicon, 10 oxygen or sulphur, or compositions of Portland cement, sulphate
resisting cement, modified cement, alumina cement, high alumina cement,
calcium aluminate cement or cements containing secondary components
including fly ash, pozzolana or slag. 13. A lightweight concrete
formulation according to claim 11 or claim 12, wherein the lightweight
aggregates include perlite or vermiculite. 15 14. A lightweight concrete
formulation according to claim 11 to 13, wherein between around 50% and
100% by weight of the cementitious binder includes an inert particulate
material. 15. A lightweight concrete formulation according to claim 14,
wherein the inert particulate material is natural masonry sand. 20 16. A
lightweight concrete formulation according to any one of claims 12 to 15
wherein the cementitious binder is a blended cement comprising 10-90% by
volume of Portland cement and 90-10% by volume of a mineral additive such
as fly ash, slag, metakaolin, silica fume or the like.   1 -22[AlYIENDED
PAGE] 17. A concrete mix including a lightweight concrete formulation
according to any one of claims 11 to 16 and containing up to around 60% of
entrained air volume. 18. A concrete mix according to claim 17 and
containing between 25% and around 50% of entrained air volume. 5 19. A
concrete mix according to claim 17 or claim 18, having an overall density
of between around 1200kg/m' and around 450kg1m'. 20. A concrete mix
according to claim 19, having an overall density of between 450 kg/m' and
around 650kg/m'. 21. A method of constructing a wall comprising the steps
of erecting a frame having a to plurality of substantially parallel
mutually spaced apart frame members, attaching facing sheets to said frame,
and filling a cavity formed between said facing sheets with the lightweight
concrete mix according to any one of claims 17 to 20. 22. A method of
forming a pumpable lightweight concrete mix comprising the steps of firstly
mixing the treatment agent according to any one of claims 1 to 10 with
water 15 to form an aqueous solution, secondly adding expanded polystyrene
aggregate to the aqueous solution, and thereafter adding a cementitious
binder. 



23. A method according to claim 22, wherein the mix consists of: 1 part by
volume of cementitious binder; 0.5 to 1.5 parts by volume nominal water; 20
0.5 to 1.5 parts by volume inert filler; 1 to around 9 parts by volume
lightweight aggregate, and up to around 5% by volume of additive. 25
.AH.AhL.Ae.AU9.An.Ah.AY.AU.Asy.Ah.Af%.A{9L.ApSL.An9.As.A.A.A.Ay.AN.A.A.A5.A
.AE.A(?NOX$rAC/z"y)vH
}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]cTa]ca]ca]ca]ca!  QO a
A8.)zF=}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!FPcosD1laor}xsnid_Z]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!ux%r"x< [  !`!!"'"x""+#.#J###
$v$$%{vqlgb]X]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca!%z%%&v&&&C'''(^((
)f)))-*0***L++++,,,,-j--.l..{vqlgb]X]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c
a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!.
/r//!0z00(1s11111>2s223n33p445i5566m6667?7h777}xrmhc^Y]]ca]ca]ca]ca]caU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!77 8R888889)9*9z::::;
;=<I<O<Z<<<<<<>*>{>>?U??~xsmhc^YTmhc^]ca]ca]ca]ca]ca]c^a]ca]c^a]caV]ca]ca]c
a]c^a]ca]ca]ca]c^a]caV]ca]ca]c^a]ca]c^a]caV]ca]ca]c^a]ca]ca]ca]caU]ca
??@b@@@#A6A^AjAzAAAAAABLBB)C-CCC0DDD2E>EIEEEEFF{vpkf`[V]]ca]caV]ca]ca]ca]c^
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca
]ca]ca]ca!FFFG)HHIIIFJgJJKSKUKXKbKfKiKmKK3LLLLLMMMKNNNN$O}xsnic^Ykf`[V]]c]c
a]ca]c^a]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]caU]ca]c^a]ca]c^aU]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca
$OyOO%P{PPPPPPQ&Q'QYQQQQQQQRRRBR{RRRRRRRRR~ysnhc]Xkf`[V]]]c aU]c a]c aU]c
a]c aU]c a]c aU]c a]ca]ca]ca]ca]ca]caU]c a]caU]ca]ca]ca]c aU]c a]c
a]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca RRRSESSS;
T>TATTTHUjUUVhVVWWWW=WLWWWBXXXEYYYZfZzupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca!
fZZ[k[p[[\j\\]i]]]]7^h^^_e__`m`````Naaac]ccd)d{vqlgb]X]]]]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!)dxdd!eCeee<fff;gggggGhhhAiBiii
jjjpjjkqkkk#l~ll|wrmhc^Y]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!l,mmm/nnnnIoooooophpp
ppppQqWqYq_qbqiqkqqqqqq~ysnhc^Ymhc^Y]]]]]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a]ca]c
^a]ca]ca]ca]caU]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca qqqrrr
s@sssstt#ttttBuXuuuv_vv
wwwOxxx@yyyzzzupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca!zz(zzzzz4{v{{o||}e}}~W~~
~9r*yn:|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!K|@4n.:?xpy<|uojd_ZU]]ca]ca]caU
]ca]caV]ca
V]c^aV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca!<[l
x=.m$zICu}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!u&TKsu+zm4|R{
4|wrmhc}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca(?NOXfE
10%jj&'()-10%Z&'()-#10%Z&'()- 10%Z&'()-@F10%Z&'()- `
10%&'()-mX$rAiK-10%Z&'()-0SY10%Z&'()-10%Z&'()-
l10%Z&'()-3,10%Z&'()-10%Z&'()-
10%Z&'()-AC/ziK-)10%Z&'()-s'@#10%Z&'()-3%10%Z&'()-"10%Z&'()-   10%Z&'()-S
10%Z&'()-Y#10%Z&'()-z"y)viK-99!10%Z&'()-@7&10%Z&'()-4y 10%Z&'()-2
"10%Z&'()-L0 10%Z&'()-.10%Z&'()-,+10%Z&'()-H 



iK99!10%Z&'()-S
10%4|&'()-S,M!10%4|&'()-4"10%4|&'()-s&10%4|&'()-0L10%4|&'()-410Z10Z10Z
QObCiK99!10%Z M!10%4&'()-!@&10%||&'()-9f!10%4|&'()-
f#10%||&'()-S&10%4|&'()-Sf 10%4|&'()-O a
dEiK99!10%Z'10%4|&'()-l%:!10%4|&'()-@#@ 10%4|&'()-
!'10%4|&'()-y310%4|&'()-!10%4|&'()- A8dEiK99!10%Z4
10%4|&'()-Y2#10%4|&'()-L0 10%4|&'()-4 .s10%4|&'()- +f#10%4|&'()-3
)10%4|&'()- .~_@99!10% S10%4|&'()- "10%4|&'()-`&10%4|&'()-!`10%:|:|&'()-l
104| 104| 104|F7m 10%4|&'()-)zFaB~_@99!10% sf10%4|&'()-F@310%4|&'()-!l@
10%||&'()-@, 10%4|&'()-,!10%4|&'()-, '!10%4|&'()-F=aB~_@99!10%f#Z10%4|&'()-
10%4|&'()-S10%4|&'()-l&!10%4|&'()-S,10%4&'()-!,%10%||&'()-FPdE~_@99!10%`0z1
0%4|&'()- 3.10%4|&'()-y,10%4|&'()- ) 10%4|&'()-' 10%4|&'()-
F%`10%4|&'()-P`abcosbC99!10%"10%g&'()-,S10%g&'()-L10%g&'()-0910%g&'()-3
104| 104| 104|2'10%4|&'()-D1dEbC99!10%S 10%g&'()-S@
10%g&'()-S`!10%g&'()-10%g&'()-@S 10%g&'()-
10%g&'()-ladEbC99!10%y#10%g&'()-y  10%g&'()-f10%g&'()-l"10%g&'()-
s!10%g&'()-Ff10%g&'()-aodEbC99!10%&0 10%g&'()-33.s!10%g&'()-+ 10%g&'()-3
)10%g&'()-'10%g&'()-yY% 10%g&'()-rrstuxmb@99!10%!I!10%  &'()-z 10g 10g
10g`9:!10%g&'()-6f10%g&'()-4 10%g&'()-
2y#10%g&'()-%r"xaBmb@99!10%!y10%T&'()-yf`!10%T&'()-f910%T&'()- 



10%T&'()-f  10%T&'()-!TP!10%&'()-zx< aBmb@99!10%!
!910%T&'()-M10%T&'()-!."10%&'()-S10%T&'()- 10%T&'()-y`10%T&'()- [
!`!!"dEmb@99!10%!F.M!10%T&'()-,Y10%T&'()-)`10%T&'()-'#10%T&'()-l%
10%T&'()-@#10%T&'()-"'"x""(#)#*#+#J#xmb@99!10%!`Y"10%UU&'()-9 10T 10T 10T37
10%T&'()-5g 10%T&'()-2!10%T&'()-0S10%T&'()-J### $v$$%aBmb@99!10%!lL10%
U&'()-` l&!10% U&'()-!10% U&'()- 10% U&'()- 10% U&'()-!
Y"10%UU&'()-9%z%%&v&&&aBmb@99!10%! 10% U&'()-10% U&'()-Y"10% U&'()-f#10%
H&'()-!`@&10%UU&'()-s!10% U&'()-&C'''(^((dEmb@99!10%! . 10% U&'()-+!10%
U&'()-):10% U&'()-s'10% U&'()-F% 10% U&'()-#z 10% U&'()-(
)f)))**+*,*-*dYNC99!10%! 10 U 10 U 10 UL910% U&'()-7g10% U&'()-410% U&'()-2
"10% U&'()-`0M!10% U&'()--***L++++,aBYNC99!10%! 10% 



U&'()-y10% U&'()-9f 10% U&'()-!10% U&'()- !10%
U&'()-!K!10%XUXU&'()-z+,,,,-j--aBYNC99!10%!,- 10% U&'()-!.L!10%;U;
U&'()-f@10% U&'()-&`10% U&'()-,10% U&'()- 10% U&'()--.l..
/r//dEYNC99!10%!S, 10% U&'()-S)M10% U&'()-s'"10% U&'()-@%@ 10%
U&'()-@@#L!10% U&'()-,!`10% U&'()-/!0z00(1s111aB7C 10 Us9 10% U&'()-yF710%
U&'()-y5 10% U&'()-!s2F"10%UU&'()-f0M!10% U&'()-SY. 10%
U&'()-111111>2s22mN/ 10% h&'()-f 10% h&'()-SS 10% h&'()-#10% h&'()-&10%
h&'()-10% h&'()- 10 U 10 U23n33p445a?mN/ 10!l!10%hh&'()-y#10%
h&'()-3!'10%hh&'()-&f!10% h&'()-l!10% h&'()-fS 10% h&'()-5i5566m66dEmN/
10!) 10% h&'()-'f#10% h&'()-Y%L10% h&'()-# 10% h&'()- 10% h&'()-g 10%
h&'()-667?7h77777dE:/ 10 h 10 h410% h&'()-29!10% h&'()-s010% h&'()-3.10%
h&'()-+y#10% h&'()-F+M10% h&'()-M77 8R88889rS4/ 10v(2#10%&'()-s10%&'()-
10%&'()- 



!10%&'()-F!Ps!10%&`&`&'()-!Ns!10%  &'()- 10
h9+98999B9G9J9K9kL./'y1#v(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-s'y1#v(2#10%&
'()-sv(2#10%&'()-sK9P9S9V9W9o999oP6/'v(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-
s'y1#v(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-s99999999pQ2/v(2#10%&'()-sv(2#10
%&'()-sv(2#10%&'()-s'y1#v(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-s99999999kQ2/
v(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-sv(2#10%&'(
)-s'y1#9999::::sT6/'y1#v(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-s
v(2#10%&'()-sv(2#10%&'()-s:5:9:?:@:U:Y:`:oP1/v(2#10%&'()-sv(2#10%&'()-sv(2#
10%&'()-s'y1#(v(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-s`:a:s:w:x:y:z::qX7/
s@"10%M$&'()-Fv(2#10%&'()-s'y1#v(2#10%&'()-sv(2#10%&'()-sv(2#10%&'()-s'y1#:
::::::eE7/
s@"$$#10%M$&'()-$$#10%M$&'()-'a"#$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-:::
;;
;;;eG+/$$#10%M$&'()-'a"#$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-'a"#$$#10%M$
&'()-;
;;;4;K;M;eE+/$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-'a"#-$$#10
%M$&'()-$$#10%M$&'()-M;Q;X;Z;[;d;g;
eE+/$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-'a"#-$$#10%M$&'()-$$#10%M$&'()-$
$#10%M$&'()-g;n;o;x;
;;;;eE)$$#10%M$&'()--$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-'a
"#$$#10%M$&'()-;
;;;;;;cG)$$#10%M$&'()--$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-'$$#10%M$&'()
-$$#10%M$&'()-$$#10%M$&'()-;
;;;;;<<eG+$$#10%M$&'()-'a"#$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-'a"#$$#10
%M$&'()-<<
<!<3<7<8<9<eI+'a"#$$#10%M$&'()-$$#10%M$&'()-$$#10%M$&'()-'a"#-$$#10%M$&'()-
$$#10%M$&'()-9<:<;<<<=<I<O<<<|[:'a"# s"10%(&'()- sy10%(&'()- s&10%(&'()-
s10%(&'()-10M$$10M$10M$$$#10%M$&'()-<<<<<<<eE|[:'a"# s"T O#10%(&'()-&T
O#10%(&'()-&'tM#T O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&<<<<<<<<eG+:T
O#10%(&'()-&'tM#T O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&'tM#T
O#10%(&'()-&<<<<<= =eE+:T O#10%(&'()-T O#10%(&'()-&T O#10%(&'()-&'tM#'T
O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-& ===== ='=_?+:T O#10%(&T
O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&T
O#10%(&'()-&'=(=@=W=c=s=v=fF+:T O#10%(&T O#10%(&'()-&T O#10%(&'()-&T
O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&'tM#v=y={=====_C+:T O#10%(&T
O#10%(&'()-&T O#10%(&'()-&T 



O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&=======eE+:T O#10%(&T
O#10%(&'()-&T O#10%(&'()-&T O#10%(&'()-&'tM#T O#10%(&'()-&T
O#10%(&'()-&====== >>hL,:T O#10%(&'()-&T O#10%(&'()-&'tM#T O#10%(&'()-&T
O#10%(&'()-&T O#10%(&'()-&'tM#>>>>*>{>>iH,:T O#10%(&'( y !10%)&'()- F
LZ10%)&'()-   10%)&'()-T O#10%(&'()-&'tM#T O#10%(&'()-&>?U???@b@|[:,:T O#1
,- 10%)&'()- `+%10%}'&'()- Lf)M10%)&'()- ,&'10%)&'()-& $310%)&'()-
"10%)&'()-b@@@#A6A[A\A]A^A|[NA410)10)10)  910%)&'()- 6 10%)))&'()-
S410%)&'()-&  @210%)&'()- @010%)&'()-^AjAzAAAAA|[:NA410 10%*&'()-
l10%*&'()- @10%*&'()-  G 10%*&'()-^& h @i10%*&'()-
f10%*&'()-ABLBBB)C-C|[:NA410 2 10%*&'()-  ,10%*&'()- S0M'10%&'()-'
nM'10%*&'()-'& l l 10%*&'()- "10%*&'()--CCC0DDD2E|[:NA410 9'10%*&'()-
f3%`!10%*&'()- S#!10%*&'()- S - 10%*&'()- & S 10%*&'()-
sY"10%*&'()-2E>EEEEEE}]=NA410 [3"10%*&'()-E[3"10%*&'()-E[3"10%*&'()-E
yL010%*&'()-& f . 10%*&'()-
f)10%*&'()-EEEFFFFFmO/4[3"10%*&'()-E'N"[3"10%*&'()-E3[3"10%*&'()-E[3"10%*&'
()-E'N"[3"10%*&'()-EFFFF&F,F2FeE/4[3"10%*[3"10%*&'()-E[3"10%*&'()-E[3"10%*&
'()-E'N"-[3"10%*&'()-E[3"10%*&'()-E2F3FLFWFbFcFkFuFhL,4[3"10%*&'()-E[3"10%*
&'()-E'N"[3"10%*&'()-E[3"10%*&'()-E[3"10%*&'()-E'N"uFFFFFFFFF^=[3"10%
10%)&'()- s910%)&'()-
10*10*10*[3"10%*&'()-E'N"[3"10%*&'()-EFFFFFFF_?^=[3"10%
N#10%)&'()-N#10%)&'()-N#10%)&'()-N#10%)&'()-N#10%)&'()- ,#10%)&'()-FF
GGG!G(G)GjJ,='M#N#10%)&'()-N#10%)&'()-N#10%)&'()-N#10%)&'()-N#10%)&'()-'M#)
GRGlGmGpGqGuGvGlL.='M#N#10%)&'()-N#10%)&'()-N#10%)&'()-N#10%)&'()--N#10%)&'
()-N#10%)&'()-vGGGGGGGhH.='M#N#10%)&'()-N#10%)&'()-N#10%)&'()-N#10%)&'()-N#
10%)&'()-N#10%)&'()-GGGGGGG
HiI)N#10%)&'()-N#10%)&'()-N#10%)&'()-'M#N#10%)&'()-N#10%)&'()-N#10%)&'()-
H'H(H)H@HKHUHeE)N#10%)&'(N#10%)&'()-N#10%)&'()-N#10%)&'()-'M#N#10%)&'()-N#1
0%)&'()-UHVHkHvHHHHHhL,N#10%)&'()-N#10%)&'()-'M#N#10%)&'()-N#10%)&'()-N#10%
)&'()-'M#HHHHHHHHmO/N#10%)&'()-'M#N#10%)&'()-N#10%)&'()-N#10%)&'()-'M#N#10%
)&'()-HHHHIIIeE/N#10%)N#10%)&'()-N#10%)&'()-N#10%)&'()-'M#-N#10%)&'()-N#10%
)&'()-II2I<IFIGIHIIhM,  910%*&'()-
N#10%)&'()-'M#N#10%)&'()-N#10%)&'()-N#10%)&'()-'M#IIFJgJJKSK|[:,  9
f)!10%*&'()- S&'10%*&'()-  $10%*&'()- o"3 10%*&'()- @y y 10%*&'()-
@L`!10%*&'()-SKfKKK3LLL|[:,  9 610%*&'()- 4 10%*&'()- @2 



10%*&'()-  l+Z%10%'&'()- Zl+Z%10%tt&'()- e`l+Z%10%M&'()-LLLLLLMM+MwW7
(!10%#&'()-(!10%#&'()-(!10%#&'()- S10%#&'()-10*10*10*
?L10%*&'()-+MAMOMPMkMtM{MeEwW7
(!1(!10%#&'()-(!10%#&'()-(!10%#&'()-'!(!10%#&'()-(!10%#&'()-{M|MMMMMMMhM,7
310%"&'()-(!10%#&'()-'!(!10%#&'()-(!10%#&'()-(!10%#&'()-'!MKNNN$OyOO|[:,7 3
L 10%"&'()-  G10%"&'()- 10%"&'()- 310%"&'()- ` 10%"&'()-  g 10%"&'()-
O%P{PPPPP|[:,7 3 Y 31 10%"&'()- 3 y)m10%"&'()- ` %10%a!&'()- "10%"&'()- z
10%"&'()- y10%"&'()-PPPPPPPPoS77
&10%"&'()-&&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-
%`10%"&'()-PPPPPPPtX77
&10%"&'()-&&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-PPPP
PPtX<X77 &10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-SB}.d9PPPPPPPPtX<7
&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-PPPPP
PtX<tX<7 &10%"&'()-&10%"&'()-&10%"&'()-SB}.d9&10%"&'()-PPPPPPPPtX<7
&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-PPPPP
PtX<tX<7 &10%"&'()-&10%"&'()-SB}.d9&10%"&'()-&10%"&'()-PPPPPPPPtX<7
&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-PPPPP
QX<tX<7 &10%"&'()-SB}.d9&10%"&'()-&10%"&'()-&10%"&'()-QQQQQQQQkO37
&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-QQQQQ
Q8kO37 SB}.d9&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-QQ Q!Q"Q#Q$Q%QtX<7
S&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-%Q&Q
(Q*Q+Q,Q0QlL<7
S&10%&10%"&'()-&10%"&'()-&&10%"&'()-&&10%"&'()-&10%"&'()-&10%"&'()-0Q1Q2Q3Q
4Q5QtX<L<7 S&10%"&'()-&&10%"&'()-&10%"&'()-&10%"&'()-SB}.d95Q6Q7Q8Q9Q:Q;
Q<QtX<7
S&10%"&'()-&&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-<Q=
Q>Q?Q@QAQtX<tX<7
S&10%"&'()-&&10%"&'()-&10%"&'()-SB}.d9&10%"&'()-AQBQCQDQEQFQGQHQtX<7
S&10%"&'()-&&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-HQI
QJQKQLQMQtX<tX<7
S&10%"&'()-&&10%"&'()-SB}.d9&10%"&'()-&10%"&'()-MQNQOQPQQQRQSQTQtX<7
S&10%"&'()-&&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-TQU
QVQWQXQYQX<tX<7
S&10%"&'()-&SB}.d9&10%"&'()-&10%"&'()-&10%"&'()-YQ\Q]Q^Q_Q`QaQbQoS77
&10%"&'()-(&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-(&10%"&'()-(&10%"&'()-bQ
cQdQeQfQgQ<oS77
SB}.d9&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-gQmQnQoQpQqQrQsQoS77
&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-(&10%"&'()-(&10%"&'()-(&10%"&'()-sQ
zQ{Q|Q}Q~QooS77
&10%"&'()-&10%"&'()-&10%"&'()-&10%"&'()-(&10%"&'()-(&10%"&'()-(&10%"&'()-~Q
QQQQQrQ0oS77  (9`10%"&'()--
:10%"&'()-4&10%"&'()-&10%"&'()-SB}.d9QQQQQQQRRvU4  310%(&'()- }O
10%w"'w&'()- S10%(&'()- 910%&&'()-s10"10"10" ?10%"&'()-RRBRCRDRERFRGRjN24
H10%(&'()- H10%(&'()- H10%(&'()- 0H10%(&'()- H10%(&'()-  M10%(&'()-F
10%(&'()-GRHRIRJRKRLRMRNRtX<4 H1H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- NRORPRQRRRSRtX<tX<4 H1H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- SNkb8\SRTRURVRWRXRYRZRtX<4 H1H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
ZR[R\R]R^R_RtX<tX<4 H1H10%(&'()- H10%(&'()- H10%(&'()- SNkb8\H10%(&'()-
_R`RaRbRcRdReRfRtX<4 H1H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- fRgRhRiRjRkRtX<tX<4 H1H10%(&'()-
H10%(&'()- SNkb8\H10%(&'()- H10%(&'()- kRlRmRnRoRpRqRrRtX<4 H1H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
rRsRtRuRvRwRX<tX<4 H1H10%(&'()- SNkb8\H10%(&'()- H10%(&'()- H10%(&'()-
wRxRyRzR{RRRRpP04H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- RRRRRRhpP04H10%(&'()- H10%(H10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- RRRRRRtX<pP04HH10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- SNkb8\RRRRRRRRlP44H10%(&'()- &H10%(&'()- &H10%(&'()-
&H10%(&'()- &H10%(&'()- H10%(&'()- H10%(&'()- RRRRRRtX<lP44HH10%(&'()-
H10%(&'()- H10%(&'()- SNkb8\H10%(&'()- RRRRRRRRtX<4HH10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
RRRRRRtX<tX<4HH10%(&'()- H10%(&'()- SNkb8\H10%(&'()- H10%(&'()-
RRRRRRRRtX<4HH10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- RRRRRRX<tX<4HH10%(&'()- SNkb8\H10%(&'()- H10%(&'()-
H10%(&'()- RRRRRRRRtX<4HH10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- RRRRRR<tX<4HSNkb8\H10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- RRRRRRRRtX<4HH10%(&'()- H10%(&'()- H10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- RRRRRRttX<4HH10%(&'()-
H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()- H10%(&'()-
RRRSESSpO.tX<4 s10%'&'()- m10%'&'()-  l10%'&'()- H10%(&'()- SNkb8\SS;
T>TATTT|[:<4  'S 10%'&'()- Y%`10%'&'()-l `910%'&'()- Y.10%'&'()-\
@#10%'&'()- !10%'&'()-THUjUUVhVV|[:<4  410%'&'()- 2T 10%'&'()- l L0g
10%'&'()-   .10%'&'()-\ ,10%'&'()- )10%'&'()-VVWWWWW=WLWvU4  "10%X#&'()-
10%X#&'()- 10%X#&'()- 10%X#&'()-10'10'10' 7Z10%'&'()-LWWWBXXXEY|[:vU4   @
10%X#&'()- ,YT 10%X#&'()- ,t!10%X#&'()- m"10%X#&'()-  10%X#&'()- l Y
10%X#&'()-EYYYZfZZ[|[:vU4   f% 10%X#&'()-  S# 10%X#&'()- Ss!10%X#&'()-
F10%X#&'()- s10%iX#i&'()- ,10%X#&'()-[k[p[[\j\\|[:vU4   &310%X#&'()- y0
10%X#&'()- y.10%X#&'()-  ,10%X#&'()- f*10%X#&'()-
(#10%sX#s&'()-\]i]]]]]]7^vU4  VP!10%&&'()- A!10%u'u&'()-10X#10X#10X# 9
10%X#&'()- 710%X#&'()- f5:!10%X#&'()-7^h^^_e__`|[:vU4  V l (10%:':&'()-A
f@!10%:':&'()-  10%:':&'()- !10%:':&'()-3   10%:':&'()- S
910%:':&'()-Y`m````Naa|[:vU4  V &!10%:':&'()-A y#10%:':&'()-  !Z10%:':&'()-
fl10%:':&'()- fS10%:':&'()- f:!10%:':&'()-aaabbbbgKvU4  V
&!10T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'
()-2 F(10%:':&'()-bb$b1b>bLbYbvV6vU4
T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2
)?4r("YbZb[bkblbzb{b~^BvU4
T+T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()
-2)?4r("{b|bbbbbbvV6vU4
T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2
)?4r("bbbbbbbzZ:vU4
T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2
)?4r("bbbbbbbzZ:vU4
T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2
)?4r("bbbbbc czZ:vU4
T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2T+"10%:':&'()-2
)?4r(" ccc]ccddddyXK>1 10(10(%10( F:!10%(&'()-2 8 10%(&'()-
510%(&'()-T+"10%:':&'()-2)?4r("d)dxdd!eCee|[:K>1 10 3"10%(&'()- 10%(&'()-3
l  10%(&'()- @10%(&'()-  !10%&&'()-  !10%(&'()-ee<fff;gg|[:K>1 10 Y
10%(&'()- L"10%(&'()- F10%(&'()-  10%(&'()- l$10%(&'()-Z ,
10%(&'()-gggGhhhAi|[:K>1 10 @.10%(&'()- @,f 10%(&'()- @s*f 10%(&'()-
s3(m"10%(&'()- % 10%(&'()- !10%(&'()-AiBiUiViWicipiijJ*110%(&'()-
110%(&'()- 110%(&'()- '110%(&'()- 110%(&'()- 110%(&'()-
iiiiiiieE*110%(&'110%(&'()- 110%(&'()- 110%(&'()- '(110%(&'()- 110%(&'()-
iiiiiiiihM, ,810%&&'()-110%(&'()- '110%(&'()- 110%(&'()- 



110%(&'()- 'iiii jjjpjjvU4 @ 10%:&:&'()- F Z10%:&:&'()- "10%:&:&'()-%
10%:&:&'()- 10%:&:&'()-10&10&10&jkqkkk#l~l|[:vU4  M!10%:&:&'()-
g&10%&&'()- @10%:&:&'()- `"10%:&:&'()-  10%:&:&'()-
10%:&:&'()-~ll,mmm/nn|[:vU4  ,& 10%:&:&'()- ,#G10%:&:&'()- !M!10%:&:&'()-
YZ10%:&:&'()- 9"10%&&'()- `!10%:&:&'()-nnnIoooo|[:vU4  Ls310%:&:&'()- @
1910%:&:&'()- @. 10%:&:&'()- @,10%:&:&'()-  s*10%:&:&'()- LF(
10%:&:&'()-oophpppppp|obU4 10% ! &'()-10:&:10:&:10:&: yL<10%:&:&'()- f9z
10%:&:&'()-3  710%:&:&'()-3 S510%:&:&'()-ppppppp~bBbU4 6 10% ! &'()-6 10% !
&'()-6 10% ! &'()-6 10% ! &'()- "10% ! &'()- 10% ! &'()-pppppppyY9bU4 6 10%
! &'()-6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-)? || 6 10% !
&'()-ppppppqyY9bU4 6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-)?
|| 6 10% ! &'()-qqqqq!q)qyY9bU4 6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-6
10% ! &'()-)? || 6 10% ! &'()-)q1q2qDqJqNqXqyY9bU4 6 10% ! &'()-6 10% !
&'()-6 10% ! &'()-6 10% ! &'()-)? || 6 10% ! &'()-Xq_qaqbqxqqqyY9bU4 6 10%
! &'()-6 10% ! &'()-6 10% ! &'()-)? || 6 10% ! &'()-6 10% !
&'()-qqqqqqqU9bU4 6 10% ! &'()-)? || 6 10% ! &'()-6 10% ! &'()-6 10% !
&'()-6 10% ! &'()-qqqqqqqU9bU4 6 10% ! &'()-)? || 6 10% ! &'()-6 10% !
&'()-6 10% ! &'()-6 10% ! &'()-qqqqqqqqfJ.46 10% ! &'()-!6 10% ! &'()-)? ||
%6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-qqqqqqqqbF*6 10% !
&'()-6 10% ! &'()-6 10% ! &'()-)? || 6 10% ! &'()-6 10% ! &'()-6 10% !
&'()-qqqqqrryY9*6 10%6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-)? || 6 10% !
&'()-6 10% ! &'()-rr!r"r)r-r1ryY9*6 10%6 10% ! &'()-6 10% ! &'()-6 10% !
&'()-)? || 6 10% ! &'()-6 10% ! &'()-1r9rArBrOrRrVryY9*6 10%6 10% ! &'()-6
10% ! &'()-6 10% ! &'()-)? || 6 10% ! &'()-6 10% ! &'()-Vr]rerfruryr{ryY9*6
10%6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-)? || 6 10% ! &'()-6 10% !
&'()-{rrrrrrryY9*6 10%6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-)? || 6 10% !
&'()-6 10% ! &'()-rrrrrrryY9*6 10%6 10% ! &'()-6 10% ! &'()-6 10% ! &'()-)?
|| 6 10% ! &'()-6 10% ! &'()-rrrrr s@szY8*6 10% y"10%^"&'()- fS  10%^"&'()-
6 10% ! &'()-)? || 6 10% ! &'()-6 10% ! &'()-@sssssssttvU46 1 10%e'&'()-
!10%e'&'()-10^"10^"(10^" f) 10%^"&'()- '10%^"&'()-   $10%^"&'()-
t#ttttBuXuu|[:vU46 1  @'10%e'&'()-F ,`10%e'&'()-  `!10%e'&'()-
f&10%o!&'()-& ,s 10%e'&'()- 10%e'&'()-uuv_vv w\w|[:vU46 1  $'10% &'()-
@"&!10%e'&'()- Sy M!10%e'&'()- @L10%e'&'()- `@#10%e'&'()-
,#10%&'()-\wwOxxx@yy|[:vU46 1  y410%e'&'()- @2z#10%e'&'()- y010%e'&'()-
f-10%e'&'()- 6$'10%e'&'()- P$'10%!&'()-yyzzzzzz(zvU46 1 "10%Q'&'()-
&10%Q'&'()- 10%Q'&'()-10e'10e'10e' 810%e'&'()- 6-
10%e'&'()-(zzzzz4{v{{|[:vU46 1  ,`10%Q'&'()- S310%Q'&'()- 10%Q'&'()-m
,10%Q'&'()-  m 10%Q'&'()- S'!10%Q'&'()-{|o||}e}}|[:vU46 1  @ Y10%Q'&'()- ,
10%Q'&'()- `l10%Q'&'()- ,@ 10%Q'&'()-  &10%6Q'6&'()-9
C&10%&&'()-9}~W~~~9r|[:vU46 1  S3.10%Q'&'()- f+S 10%Q'&'()- S)10%Q'&'()-
s'3"10%Q'&'()- @Y%`10%Q'&'()- @#!10%Q'&'()-r*y|[NA46 110Q'10Q'10Q'
yL910%Q'&'()- 710%Q'&'()- y410%Q'&'()- 2Z10%Q'&'()-
y`0M!10%Q'&'()-n:|[:NA46 110 9!10%x'&'()-  10%x'&'()-3 Y -&10%x'&'()-3
@%10%X#&'()-   "10%>%>&'()-  "10%3x'3&'()-:K||[:NA46 110 l!10%x'&'()-
&10%x'&'()-   10%x'&'()- @10%x'&'()- !&10%x'&'()- @10%x'&'()-@8|[:NA46 110
`*#10%$&'()-f N*#10%&'()-f 9F(#10%x'&'()- &F10%x'&'()- #!10%x'&'()-
s!10%x'&'()- 4n+,|[:-410x' fL<S10%x'&'()- S: 10%x'&'()- f710%x'&'()-
@510%x'&'()- 9`3m10%x'&'()- ,31 10%x'&'()-,-.:?xbA410108" S`10%8"&'()-
"10%8"&'()- 10%8"&'()- 10%8"&'()- 10%8"&'()-10x'10x'pbA410108"  10%Q'&'()-
f@ 10%Q'&'()-F 10%Q'&'()- Y 10%Q'&'()- l 10%Q'&'()-108"108"<[|[:A41010
M!10%Q'&'()-   



10%Q'&'()-  (10%Q'&'()-M (10%^&'()-M & 10%Q'&'()- 310%Q'&'()-l x|[:A41010
*@ 10%Q'&'()- (@#10%Q'&'()- f&s10%Q'&'()- 9$`!10%Q'&'()- "m10%Q'&'()-
10%Q'&'()-=.|[:A41010 7`10%Q'&'()- f5G10%Q'&'()- 93 10%Q'&'()- 110%Q'&'()-
.10%Q'&'()- ,F10%Q'&'()-mvU410 s10%Q'&'()- F  10%Q'&'()- l4
10%"&'()-10Q'10Q'10Q' ;Z10%Q'&'()- 9 10%Q'&'()-$zI|[:vU410   10%Q'&'()-
l10%Q'&'()- Y10%Q'&'()-  g 10%Q'&'()- !10%Q'&'()- v#10%Q'&'()-Cu|[:vU410
l(@#10%Q'&'()- @&10%Q'&'()- &$T 10%Q'&'()- !`10%Q'&'()- !10%Q'&'()-
f3"10%N&&'()-Fu&T|[:vU410  S5M!10%Q'&'()- &3!10%Q'&'()- 010%Q'&'()- .
10%Q'&'()- ,10%Q'&'()- *10%Q'&'()-KpqrsuvU410 &3 10%x'&'()- 10%x'&'()-
:10%x'&'()-L10Q'10Q'10Q' 93 10%Q'&'()- l710%Q'&'()-+zm|[:vU410  '
(10%nx'n&'()-3  10%x'&'()-  !10%x'&'()- 910%>x'>&'()- &yS 10%x'&'()-
`10%x'&'()-m4||[:vU410  $!10%x'&'()- !y10%x'&'()- !10%x'&'()- 3!10%x'&'()-
s!10%x'&'()-  3 10%x'&'()- |R{|[:vU410  3G10%x'&'()- 010%x'&'()-
.10%x'&'()- ,10%x'&'()- *10%x'&'()-  Y( "10%x'&'()- 4|[:vU410  3G10%x'&'()-
010%x'&'()- .10%x'&'()- ,10%x'&'()- l7-10%x'&'()- @510%x'&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph Font bt* ,'.4<9]>CINTZafmpw}-r4
%.7?F$ORfZ)dlqz<u4hijklmnopqrstuvwxyzXAz O FPax
"J#%&(-*+,-/125679K9999:`:::;M;g;;;<9<<<< ='=v===>>b@^AA-C2EEF2FuFFF)GvGG
HUHHHIISKL+M{MMOPPPPPPPPPQQQ%Q0Q5Q<QAQHQMQTQYQbQgQsQ~QQRGRNRSRZR_RfRkRrRwRR
RRRRRRRRRRRRSTVLWEY[\7^`abYb{bbbb
cdegAiiiij~lnopppq)qXqqqqqqr1rVr{rrr@stu\wy(z{}r:,um|4{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHI6Times New RomanArialCourier New"h
Root EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMN 


