WD 2006/ 074662 PCT/ DK2006/ 000022 1 ULTRA H GH STRENGTH ASPHALT Backgr ound
of the Invention The present invention relates to nethod for the preparation
of a dry material for use as 5 an ultra high strength pavenent as well as
the dry graWQI28¢6/03462nent material manu- factured by thePGRERIRIA6/008¢23
furthernore the present invention also relates to a nethod for applying the
ultra high strength pavenent nonolithic br to a subgrade. In the art, it is
wel | - known to conbine bitum nous asphalt with a cenment slurry. This 10 is

traditi onallymglﬂQ? BX%JP(@T AR It to the subgrade by normal asphalt
paver and therea tﬁg)rb%g? I er%n rrea}r}\? allowing a cenent slurry to enter
and fill the voids in the asphalt layer. In this manner, a ductile and

strong wear resistant pavenent |layer is established, which to a certain
degr ee benef iBtgs fromb h)g t he advantages provided by the relatively soft
and fl exi bl e Backsrappd obths IpKeption, oyt h characteristics of the cement 15

based sl urry Thebiht ifveRfiViehed th heldd (MAhé prebtatidifofashP Materdafioeise aduch
pavenment systens are sold comercially, for exanple under the nanme "Densi -

falt" bySt he amatiashisl srgpgthapavememeas svell a8/t dry Sraudr plavemdny matesiaDayanus h

corporation ntec ARS. .20 On ohlemwi th the prior, art syste i,s the
Fact that t hdg arEy (R enfcd, SRR b bt een AR REG e el AT R 5o, |7
the asphal t ifsr sppRingask ulfre highxasmtiephiémantasioikthiaspioalsubgridé/er, and after
t he asphalt has cool ed down sufficiently, the slurry, based on a binder-

water m x where the binder may conprise cenent, silica, fly ash and ot her

constitu 25 vorf B € . Ok Dy, ' I slurry,
i ah my. be iy PP VRAGORRM BkiofhiicBh Sonst ul Ao Eplin, THE ©
cure, amn@ fi neairhditidnally davebeaiplyay tHeeasphitierd.thd subgthde biy arrhal degHagal@bour

i ntensive, the Fr ocess is also relatively tinme consumng in_ 30 that the
curing and c@Bf hsepaBier bykffereprngans pligyans p serpet swaytq eieicmdiiidhe ¥aidsiHe sl urry
s added, URLRRHEADL G SRS GRlnECAGLIADS] Sk iell HES MY chEvdelcayed
suffici entlyre}%ﬁ gr- hgerr' gr St émél’ gr ?%/tgggndrgehé%g aen%}ééle%rc]il t??glht?g@%n t he
asphal t mat r iextaldishéd, ciheett doya cantair dbgree benefits from both the advantages provided by

the relatively soft and flexible asphalt, and the strength characteristics of the cement

15 based slurry, which is provided in the voids in the asphalt layer.

Such pavement systems are sold commercially, for example under the name “Densi-
falt” by the Danish corporation Densit A/S or “Confalt” by the Danish corporation
Contec ApS.

One problem with the prior art systems is the fact that they are quite labour intensive
in that they require firstly that the asphalt is applied, for example by a normal asphalt
paver, and after the asphalt has cooled down sufficiently, the slurry, based on a binder-
water mix where the binder may comprise cement, silica, fly ash and other constitu-
25 ents, is placed manually or by other suitable means. The slurry, which may be an ultra
high strength concrete, is thereafter allowed to cure, and finally the pavement may be

used.

In addition to being labour intensive, the process is also relatively time consuming in
30 that the curing and cooling of the asphalt layer is necessary such that as the slurry is
added, undesirable chemical reactions in the slurry may be delayed sufficiently in or-

der for the slurry to reach and be distributed in the asphalt matrix sufficiently in order



WO 20061074662 PCT/ DK2006/ 000022 2 to provide a substantially conplete
filling of the voids in the asphalt layer by the slurry materials. If the
asphalt is too hot, the chem cal reactions particularly the chem cal

reacti ons b¥OReM7#4¢2 wat er and the binder in the sl urryPGHDPKHE/HE8RE| er at ed
such that the slurry will harden, and thereby |oose viscosity, and al so

hi nder further ingress of 5 slurry into £he deeper voids in the asphalt

| ayer. It is |l .know. withi.n th ni c f.i,el d, of eni.ng, cenent based
mtorials, o nae oD chaPsle iR Gtheuibii tuSlooh Bl BRI & "Foo
hi gh t enper atuitesalasif e @sfvm{ Is ©aume tﬁélel\{@xﬁlcﬂﬂéadﬁﬂﬁiﬁféﬂi&hh@y tHeaghe@iiang i n
the cenent-based matrix. 10 From W98/ 44046 an asphaltic road surfacing

conmposi ti on i§agkaBPCtWoR tBp Wabiignd thei tindsh it Beshiryesabgyrcselgrated sorh thaen,

cel lul ose fi 04 oo odi | i s a
possibre i1 12 Sy dult adeh; ondindfy BEROANTR, el SITF HindeP ofIBR} LiBRRELA°, ©
addi ng asli mdet mmmthetdeefer coidenit tHecaspiedt lapsiplvss tvield knowheitiio @ welmicalti ng
material is hot n.xed at a tenperature, of from 150 C to 190 The road
surfacing 15 T 8f ffertag PRIREE 825G mapterston Bt %@P@She@ﬁ@de@%%wr s at a
tenperature fHoMSPatRn o We hi'éﬁ%eeré%btﬁﬂ:s'a% tRis "éﬁh'caﬁs@%y@iﬁ%ﬁ@%d&%ﬁ%lé’% thin

asphalt production and the laying tenperatures stated in the prior all
docunent al schacdeningspthedsment-tabel mariral t enpera- tures when | ayi ng asphal t
pavenments. The advantages whi ch coul d have been attained 20 by addi ng cenent
to the conposition, appears to be lost, due to the high tenperatures at

whi ch the conmemi WiO9g/4484A2PhANE rARRLHRGng SAsdstibAts kitSv) WS compo-
characteristics of cenment will not be effective in the resulti ng pavenent

| ayer, but soiienycampsisty pggsegata, htumen, oeellalpse fibreg ene didles dntoaatenibediment | sed.

25 Qo] ect of éepn%nl ﬂvnt?gnttiioge"h e-lléhe%e Hgsgjbfecﬁllgrfmétg al,p\gvx ﬁo%?tsta-liﬁél ‘t?h%t gdﬁgnt%%es tott}-e refore
to prowdearranu act uri ng metno or a mterial whic may De read on a

surface such tinable bhaddiigwhiatis a@budithd cahémto tletcompBiifi®d Thakeadahtfeahat ed. 30
Description of the Invention The present inventjion addresses this problem
firstly by prowedelighet meehata teseigyae of fom 150 °C to 190 °C. The road surfacing

15 material is placed by a method wherein the composition is at a temperature from 80 to
90 °C.
Hot mixing is a well known method used within asphalt production and the laying
temperatures stated in the prior art document also corresponds to the normal tempera-
tures when laying asphalt pavements. The advantages which could have been attained

20 by adding cement to the composition, appears to be lost, due to the high temperatures
at which the composition is mixed and applied, such that the binder characteristics of
cement will not be effective in the resulting pavement layer, but solely the filler func-

tion of the cement content is utilised.

25 Object of the Invention
The object of the present invention is therefore to provide a manufacturing method for
a material which may be spread on a surface such that the drawbacks of the prior art

methods are alleviated.

30 Description of the Invention
The present invention addresses this problem firstly by providing a method for the

preparation of dry material for use as ultra high strength asphalt, such that during ap-



preparation of dry material for use as ultra high strength asphalt, such
that during ap WO 2006/ 074662 PCT/ DK2006/ 000022 3 plication only water
needs to be added to the dry material, where the nmethod com prises the
fol | owi ng stEh206A74842yi ng and heating stone and sand aggPEEAKSN6/000094 xi ng
the aggregates with hot bi.tunen creating a hot mx; 5 - adding binder and
optionally further additives to the hot A x until the bitumen cov- ered

t .not sticky, wh t he h I X, i i nt g t t
Above 40C, - BB aPy A GICoH o RS LR Fingr iR WOOF MCBERo! RRP 1 ¢ 16
stored bel ow GQ6s thd QolBxiRf @B&F i ng the material according to the method

menti oned above, the drying ‘and heating of stone and sand aggregates as
wel | as mi xi ng driieg agdhasting stonemndrsaibagghdgetgs; nen, creating a hot mix

substantially corresponding to.the nethod of. preparing a regu- |ar asphalt
i The fol loutnyereRe e bt T ol A BB Ponal |y ot her addi -
tives, tg@ the h@lingibindét hild sgeedllyafutthdrhedibivésBRIR KR VEk QftiaBg bR@R¢re&Y- Whi ch
w Il he 15 conparable to granules, with a dusting of the binder. The dusting

may be control | el aggresstey aps nefowicky Wherethsrhot ayx ipmamiginetng sterweraiiueli ti ves
to the hot mX'abWee{q;’@-l par- ticles, i.e. the sand and stones constituting
the aggregates, I'n e’m xi ng vessel have been covered by a dusting of

bi nder, and optstatnglthe/hdtutik Aed leatthgithé mEScosl Glicht thatit i b@rqdeelovt #@lGes do not
stick together, the hot mx is stored and allowed to cool. As the bitunmen 20
is kept below 40 C, the stickiness of the bitumen is | ess such that it is

assur ed jphat B BiIRE ERUR SEARARIALE AR Ab&HIBE bboflothe' ik and 00t her

during storage. advant ageous enbodi nent the binder’1s an ultra
hi gh per f or melmegndhohsdene andasadd hggredutas asaiell aslmhixaghthehggregadiarwmitinba tiwacr et e

bi nder may conprise.cenent,. silJica, 25 fly ash, slag, ash and other suitable
Very Tine. parBRECBSITAT BY o hriily FargeaheBRaa e PoaoCPae B e es . By
the formul ati@nadphklf &kl Bk RAKAHRYLEr LRNG BE Bifde) 488 Splisnall9 ARy Wgler st ood
the binders used for creating ul'tra high strength concretes, where the
conpr essi ve stiveenigt the 1RO miiy p¥iadobver dlbthe ituoteorcoyered taggmgpdes, thaeh wabbe ar
concr et 9 ! c?deaPa%lest%ng%anlﬁllés,r %itnlagcﬁ.'usgggr of the binder. The dusting may be controlled

simply by adding more or less binder and other additives to the hot mix. When all par-

ticles, i.e. the sand and stones constituting the aggregates, in the mixing vessel have

been covered by a dusting of binder, and optionally further additives such that the par-

ticles do not stick together, the hot mix is stored and allowed to cool. As the bitumen
20 is kept below 40° C, the stickiness of the bitumen is less such that it is assured that the

binder covered separate particles will not “melt” together during storage.

In a further advantageous embodiment the binder is an ultra high performance binder,
and further said ultra high performance concrete binder may comprise cement, silica,
25 fly ash, slag ash and other suitable very fine particles which may have strength creat-

ing characteristics.

By the formulation w/tra high performance concrete binders is to be understood the
binders used for creating ultra high strength concretes, where the compressive strength
30 typically is a factor 10 stronger than regular concretes, i.e. for some ultra high per-
formance concretes the compressive strength is above 400 MPa. These strengths are
achieved by using special mixes regarding aggregates, cement and further additives.

By grading the additives, the cement and the fine particles, it is possible to create an



formance concretes the conpressive strength is above 400 MPa. These
strengths are achieved by using special m xes regardi ng aggregates, cenent
and further additives. By grading the additives, the cenent and the fine
particles, WO2e/3¢$2ible to create an WO 2006/ 074662 PAYTREWOEI00000022 4

i nmensely dense structure. Furthernore, the use of mcro silica is extrenely
packabl e such that even small voids betteen the aggregates and the cenent

R e e

structure, WRLENHAM ElenGinsd Foi® WRER the §% bifateld ra@d ARk Bdhend pakicRE&lad-bel N @
further advant ageous enbodi nent, the further additives which may be added to

the hot mix dillefgyithineikroshlicaboritier partigles Budhdrmercenticiorditiga wihavher direasts,
stones, pl asti. i.Zer, super-pl asticizers,. water. reducin n ir

i ncreasing oﬁ”l%’e\gartgag‘?vﬁlgol%g% %0%5(5“%%“3’0@10}151‘/3595% ﬁi,e O% Frﬁﬂﬁgﬁc?urké%ex,
acrylic ®r otteigtpol ymer types, Perlite, Vermculite, Leca granules. By
addi ng selected naterials to the hot mx, the properties of the finished
pavenment nay be designed according to the special purpose of that particul ar

pave- nent. I f d I ] L i bres
are added to Jht? ﬁeﬂ%ﬁ%{ ag?cﬁggem%h elﬂgb}dﬂjggl(r?’%gﬁ g&gﬁf hgrfquﬁ&eg ngllg?}g éﬁggog ;Egg%dt {gs have
obt ai ned t heitlie Imomis bloak withithe Binti@mas-betselested AmoiiheandOdetlent, Stohése pAstphal t

layer in the finished structure will be filled with the wultra high
per formance CHRCr SRETBlaaTeH A requsineyAseath i GIFALRE OF ApHeSINEAsEMSs sl urry

WL s casSiidhi Ak i &N, 1989 doRLLRG o Blrdel P Al PEELOT mANCe

[
concrete 20 bi nder balg’eﬂaJ slurr on of t'he fi'ni'shed pavenent structure.
As the fi bregramks.dddeddingfelerted metehials tortre lios nunNhk graleyties f éhe finihadh t he
bi nder, the fibres wll b(? substantially Ioos? in the tfhi ni sgeug _dré m x. The
i nvention al $8VFEPAFRY ReGTPIRRSARCRIG TR BT SREal RUPRSR Ohihgh BATEFIH e
pavenent matemengd rial manufactured to any of the advantageous enbodi nents
| i sted above is also com prised within the present patent. Use of the
inventive and novel dry granul ar pavenent material is also enconpassed in

hgfhggeﬁ_ﬁpt PRI AR h ¥t d RS S B0 Emeh M RiRb 2280 FAPR! R AL Sx GRACE NS 2
the binder and bitumen covered aggregates have obtained their non sticky characteris-
tics. As the voids in the asphalt layer in the finished structure will be filled with the
ultra high performance concrete binder based slurry, the provided fibres in this slurry
will increase the ductility and the integrity of the ultra high performance concrete
20 binder based slurry portion of the finished pavement structure. As the fibres are added
after the bitumen is completely covered with the binder, the fibres will be substantially

loose in the finished dry mix.

The invention also relates to the material per se in that a dry granulate pavement mate-
25 rial manufactured to any of the advantageous embodiments listed above is also com-

prised within the present patent.

Use of the inventive and novel dry granular pavement material is also encompassed in
the present application. Therefore, the present application also concerns a method for
30 applying an ultra high strength asphalt pavement to a subgrade, wherein a dry granular
material according to claim 4 is used, where the method comprises the following

steps:



30 applying an ultra high strength asphalt pavenent to a subgrade, wherein a
dry granular material according to claim4 is used, where the nethod
conprises the followi ng steps: W 2006/ 074662 PCT/ DK2006/ 000022 ¢ m Xi ng
t he granul awopease®at naterial with water in order to crRGEVRKA0GWEADI e
pavenment m x; |aying, spreading and |levelling the pavenent mx; levelling
and conpacting the pavenent m x; 5 - harflening and curing the pavenent m X.
As a dry granular material is used, it is easy to store and transport this
material suchr TG tb€r§é%l+l%ﬁnaﬁﬁn@ﬁ111aFF‘é1alrfﬁtt}éW|aéF in qrdes to cigpigiafgstitle dry

gr anul ar naterhﬁbmﬁﬂﬁgﬂ@ castabl e pavenent m x, nmay take place at any
appropriate site. ce Water is added to the dry 10 granul ar pavenent

mat eri al , the ratieg, ispleadihg dnddevdling thapivahkst, mix; e. becone conpara- ble in
consi stency to requl ar concrete. Depending on the plasticizers, the anpount
of binder and ®¥&ngApd sempgctipgthePavemiat f%cosity of the tastabl e pavenent

mx may Be adjgigicBeeWhd Bidh oW k@it S Al so, depending on the viscosity of
t he castabl e pavemen? m%,lgmgﬁae\re]nt rr%t hods may be used in order to |ay,
spread and | evel the pavenent 15 m x. Were very fluid pavenent m xes are

desired, the |ayi.n spreadi ng .and .l evel lin may ,be perf orned nual ly, or
oS era o rat Y i n R Rt Ds: IS Mol Ginior, i e eh 1o
al nost sel f - | gmglrbdapgion ot ﬁl@ét Referih) $L 20RESy theldry SraRCRLBRALM] fnfo RRYSdal |y

work the pavenent m X suc hat ma- 20 chinery rmay be used in order to |ay,
spread and | ep@emenienipaventaie plapé &t anFappropeats aive Oncy peatasfis adsleeitd e dlry

conpacti,ng of the pavenent m x be .carri.ed OUtF&? an onven- tional
moans, 4R arEIYRAVESH meltrigbahe PAGHR Ll SEserE ATHRIE o, SEPESSonRIFT pe
taken conpar@dliecdmisteney s RRElaN EGRESA MYepeidifd 08 thd PlagietiRrss ERCAnRiu@t oSUCh

that the finished averment m x whi ch has been | ayered, spread, |evelled and
conpact ed i s heder apg thEsameung ef wales theivscepid of thopasiable rayeRpMosRBhBRs i n

order to achi [ N [ o] Y SRP RF- B R U
advant ageous %ﬁ%toegi%rrgln %E%eqtfﬁikei %stohgeg’%ﬁdg}ri g%%%§?§ﬁ§416h0£ tﬂuH ‘?‘?%Mﬁ%ggﬁgmm
mix, different methods may be used in order to lay, spread and level the pavement
15 mix. Where very fluid pavement mixes are desired, the laying, spreading and levelling
may be performed manually, or in certain instances the pavement mix will be so fluid

that it will be almost self-levelling.

In other instances, it is necessary to physically work the pavement mix such that ma-
20 chinery may be used in order to lay, spread and level the pavement mix. For the same
type of materials, compacting of the pavement mix may be carried out by any conven-
tional means, and after the mix has been levelled and compacted, steps shall be taken
comparable to the steps necessary in order to cure concrete, such that the finished
pavement mix which has been layered, spread, levelled and compacted is left to
25 harden and cure under controlled circumstances in order to achieve the best quality

pavement possible.

In a further advantageous embodiment of the method for applying the ultra high

strength asphalt pavement to a subgrade, the step of mixing the dry granular material
30 with water is carried out by one of the following means:

- aconcrete batching plant;

- asmall drum mixer;

- a free fall mixer,



strength asphalt pavenent to a subgrade, the step of mxing the dry granul ar
material 30 with water is carried out by one of the followi ng neans: - a
concrete batching plant; - a small drummxer; - a free fall mxer; WO
20061074662WPCHHKIGD6/ 000022 6 - a pan type mxer; - BECTEBRIPEIMOBat chi ng
track, or other suitable conventional concrete mxing facility. 5 Al though
t hese nmeans may appear conventional when6thinki ng about concrete, it is a
great advantage with the nethod for applying an ultra high strength asphalt
pavement that COMESTEMAl means may be used in order to mx an bitum nous
pavement Struc-, dodERtelatchii@tingkich equi pment is well-known and wi despread,
and therefore does not re- "quire specialists or especially constructed

equi pment , buar ofliee suiteblecdnvamyionad corarete mikingd fciditit. i n a substantially
wel | - known manner, This is also reflected in the foll ow ng advant ageous
enbodi nent where the step of Ilaying, spreading and |levelling of the
pavenent sm X AmboubkR i8¢ fetith MY aphbarOf@véttiohd) &vheh GhinRink RBoUTRBAG et 1iis a AN
asphalt paver; - a concrete paver; - vibrating equipnent; - stralght edges
and manual wostRat agvantage agth the methed fpreanplyingoanulip highstrangth gephelimatement a
concrete pave h t f ials may
be used when gﬁgm8Y§@é2$?$%§§“{R%E‘E%gwﬁg ﬁg%ngggﬁﬁF%IEBEnggﬁgtﬁ Sbl e for
usi ng any of tukesehdt gpe&seqipnpamy &rsell-Tivavnl ael‘de’l/lﬁeslj)geaﬁSaIﬂahérEﬁOIe &6 hbted- out by
t he pavers, but may . addltlonall be carried out traditional  vi-
brating equi pHEitSPPHRlsHatr etsp.@%llwastmcbeﬁ CQUIPRYSBY Hubﬁhﬁd’é“-‘gh%‘il Ry Ye G1ed exhi bi t
the sang,25 fl @ Qgggﬁﬁmld@m: qﬁmﬂ&dlnary concrete when exposed to
V|brat|ons Furt ernDre evelling may be carried out by the

ol d-fashi oned manner of u5|ng strai ght edges and

This is also reflected in the following advantageous embodiment where the step of
laying, spreading and levelling of the pavement mix may be carried out by one of the
following means:

15

an asphalt paver;

a congcrete paver,

vibrating equipment;

straight edges and manual working,

20 As the mixture is both an asphalt pavement and a concrete pavement, paving machines
for laying these types of materials may be used when the viscosity of the material is
such that it is suitable for using any of these types of pavers. The levelling is partly
carried out by the pavers, but may additionally be carried out by using traditional vi-
brating equipment in that the ultra high strength binder slurry will exhibit the same

25 floating capabilities as ordinary concrete when exposed to vibrations. Furthermore, the
levelling may be carried out by the old-fashioned manner of using straight edges and

manual workings.

The step of levelling and compacting the pavement mix may also, in a further advan-
30 tageous embodiment, be carried out by one of the following means:

- rollers;

- power floats or manual floats;

- trowelling;



manual workings. The step of levelling and conpacting the pavenent m x may
also, in a further advan- 30 tageous enbodi nent, be carried out by one of
the followi ng nmeans: - rollers; - power floats or manual floats; -

trowel | i ng; woQo@066D74662 PCT1DK20061000022 7 - ot herrgmkmosgoo®ach t hat
the surface is rendered smooth or with a skid resistant structure. Al so, the
step of hardening and curing the pavenenty m x nmay include one or nore of 5
the following: - applying a liquid curing nenbrane to the top surface of the
pavenent; - -aptheymetheds,curing foil or nenbrane; - applying heat to the

pavenent structure duri t he hardeni 210 True for these enbodi nents as
wel | as the esr‘%ﬁ%%ﬂawg‘ﬁf‘é"? Féstrgﬁé]eé o%?éc’,"n??%e“v@h%ﬁké‘&e IPRRUSUDERE ot he castabl e

pavenment m x is such that traditional equipnment used for either casting
concrete or |la ing asphalt may be utilized in connection with the novel and
i nventive pav/él?s/@rt e pei OBleareendighendt ring theperaent Nk waANtingdwde orgeor more of

char actegi Stitﬁ?fo?lfow e pavenent m x nmay be adjusted by adding different
additives, water, anounts of sand, 15 stones and the |ike such that the

skil |l ed person applylngehapseciring nishtrans s thabdesurfaeanst thopavement; yi ng, | evel i ng,
conmpacting and so fourth in view of the consistency and the prop- erties of
the pavenent miPWmedruriag {4l anglaiss on. In a further advantageous

enbodi nent , o_ngap%g]@ﬁ%atégﬂ a@%ﬁ&ﬁ@ﬂ?ﬁﬁr ?ﬂ@‘i%tﬁéﬁaﬂ&{iﬁé?ged 20 on the

subgr ade bef or e casta avenent X such that the rein-
forcement will be arranged in the finished pavenent |ayer. This additional

nmet hod step tilises the fact that the ultra. hi .strength binder materi al
whi ch iétopres £ 195 4RSRE &1 Oélﬁgnﬁia@ﬁ%ﬁs8%?‘%’3“%%?%%1%‘?&’35&36&86 prSteiSes wil |

achi eve SUCh s iR Blctholdplveibnd hix RABA Mo ubibilal lchibmefl ac@rsicampy pl aced

in the pavenent material layer such that the 25 pavenent |ayer wll be able

to exhibit constinguesncsteadr lsyinpesplialsnayhzr eiized s gonnertiansivitly the novel and
inventive pavement mix according to the present invention. The characteristics of the

pavement mix may be adjusted by adding different additives, water, amounts of sand,

15 stones and the like such that the skilled person will choose the most suitable means for

applying, levelling, compacting and so fourth in view of the consistency and the prop-

erties of the pavement mix which is to be worked on.

In a further advantageous embodiment, one or more reinforcement layers are arranged
20 on the subgrade before the laying of the castable pavement mix such that the rein-
forcement will be arranged in the finished pavement layer. This additional method step
utilises the fact that the ultra high strength binder material which is present between
the bitumen covered sand and stone particles will achieve such a strength that it is
possible to utilise reinforcement placed in the pavement material layer such that the
25 pavement layer will be able to exhibit constructional properties thereby also utilising
the layer’s load transferring capabilities. The load transferring capabilities are greatly
improved when tensile forces may be transferred to reinforcements especially designed

for assimilating this type of stresses.

30 In order to provide extra ductility in the pavement structure, fibre reinforcement is
added during the mixing, i.e. when water is added to the dry mix to the pavement layer

arranged on the subgrade before the laying of the castable pavement mix.



the layer's load transferring capabilities. The |oad transferring
capabilities are greatly inproved when tensile forces nay be transferred to
rei nforcenents especially designed for assimlating this type of stresses.
30 I n orderw®@ousiotispde extra ductility in the pavenent FCAIIE200680002 br e
reinforcenent is added during the mxing, i.e. when water is added to the
dry mx to the pavenent |ayer arranged 8n the subgrade before the | ayi ng of
t he castabl e pavenent m x. 006/ 074662 PCT/ 006/.0000 n t he prior
art methods, $ree QE‘Bﬁé‘fttm?t‘é‘% %esasa%%tam; 1.5|ué%5Kz e‘éi‘F‘tr%q%et Bindder -
contai ni ng ”Béo‘ﬁfa'irﬁﬁgr matememftﬁém foisslhhlf}fx)ésFl%a@Qﬁ@@grk%a%tWé(%hélf‘fa9elt he
asphalt | ayer r-containtng slurry substantrally™f

nore or |ess \@ﬁerwydhe/bmd@-qontaim@ slasphhbtantialy dills mire br tebﬁeofphesaads mlthwentl on,
however, where th nortar i nd in intimte
Contact wi th SRR AP Sh i e ey BivEves VrbeaRE St be: s st ds. bu
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preparation off G%nghyt [ tterlal s well as the dry material per se, and the
nmet hod of app §/| ng a H m?%’%{"h‘i f strength pavenent to a subgrade. Anobng the
ad- vantages may be nentioned that a very high conpressing strength and
bending tensile strength may be achieved in conparison to that of
traditional alg;fn@mary, @rhvgpsr pf ﬁdyrantagfts argrpqhinydd wilirthe oresentalovdleandhievea- a

t wo- st ep,pro edln i tain slurry
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Furthernore, thehthot @i appieing ah hittayhigtsteapiBaal &idht tda bibgide] Afadhg genar ete or
cenent based mixes is achieved in that i1 n particular the provision_of the
bi t unmen al | owénfages mpebeentigngd thef g yeydighnsompsessiag i @n&ﬂhén gmgiensile eaks.

or eover, 1 ddnRRSalyleteh AP ahuchnG ARk Bho bR 61 bk pRGERL I 0. 0

the specific nee or exa ro- a hig er arrbunt ra high
perf or mance anethas«ﬂtrﬁermonekéabamt\ehmah swo-step lpeocmiuq;e waa Wedyhreordapudpply o©f

of i t urfSn i 195 FRBIE S A B S DTG EB SN Hf TS T B GP ROUREbT 6l as-
ticity.
Furthermore, very high flexibility in comparison to traditional concrete or cement
based mixes is achieved in that in particular the provision of the bitumen allows for
relatively large movements before the pavement breaks. Moreover, it is possible to
20 adjust the modulus of elasticity according to the specific needs. For example by pro-
viding a higher amount of ultra high performance concrete binder materials to the mix,
a higher modulus of elasticity will be achieved. On the other hand, providing a higher
amount of bitumen will produce a pavement material having a lower modulus of elas-

ticity.

25
In traditional concrete structures, it is necessary to provide dilatation joints as well as
reinforcement in order to distribute the cracks, whereas with the present pavements the
ultra high strength asphalt (UHSA) may be used for pavements without providing dila-
tion joints such that no cracks and no joints are necessary, and still the need for rein-
30 forcing mats, reinforcement or fibres is not necessary due to the fact that the combina-

tion of bitumen and the ultra high strength concrete will provide such a ductility to the
pavement that no cracks will occur. This is also achieved due to the fact that the creep

forces in the UHSA is substantially reduced in that the forces arising with shrinkage



25 In traditional concrete structures, it is necessary to provide dilatation
joints as well as reinforcenent in order to distribute the cracks, whereas
with the present pavenents the wultra high strength asphalt (UHSA) may be
used for paVeAMEHOBI6GHE t hout providing dila- tion joints SECTPKH00932 cr acks
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sand aggregates _have been heated, and the Dbit n.is l.Lied, . Th

char actor | ot o8 ofeFe AEEC sEC bR Fra il 15k HshitTTAy e ARNLG I intEed aye:
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aggr egat es | svildhyve dlatdenbr $ntler ddncletd ¢oient dpeadinPbeileltyicloryesttle wintidy dry
substances such as_binders, sand and the |like, whereby it may be stored

wi t hout | oosil#§ 3oPlehiodhersgreses: Only when the nmix is mixed with water will
it becone wet and castabl e, and exhibit the conbi ned characteristics of

both the concrete portion and the asphalt portion, 20 Initial test with the
syst em have iAsdixphired abbat, thehsirfaonpf ts dituees coenglt dpgofeateh e dfiSAthamdye be

adj usted_such.that. the conpressive strength may be [n the range from 3-65
N/ nun2 ﬂ%pen&ffwaelbﬁ PREITURFPErithiY HELgRS Sl P AR eEran R e Lo i x
de- whereby it may be stored without loosing its properties. Only when the mix is mixed

with water will it become wet and castable, and exhibit the combined characteristics of

both the concrete portion and the asphalt portion.

20 Initial test with the system have indicated that the compressive strength of the UHSA
may be adjusted such that the compressive strength may be in the range from 3-65
N/mm? depending on the recipe and mix design. Below, some examples of mix de-

signs within this range are given.

25 The further advantage of the UHSA is the fact that it may be used for constructional

purposes as explained above, unlike traditional asphalt or bituminous products.

Examples of recipes

RECIPE 1:
30
28,00 % Silica sand 0-4 mm
17,00 % Aggregates 5-8 mm

24,00 % Aggregates §-16 mm



signs within this range are given.
the fact that
above, unlike traditional
reci pes RECMOEZ096/0748@ 28 00% Silica sand 0-4 nun
24,00 % Aggregates 3-16 mm WO 2006/ 074662 PCT/ DK2006/ 000022
Bi tunmen B60 2,60 % Filler
5 30,00 % Water ¢
10 3,30 % Bitun@A0Bo0 3, BougeFBep er
15 100,00 % U tra,bigh s
3: 20 54,00 % Aggr égat es

Asphal t

&;g_ﬁggt h Asphal t

it may be used for constructional

of the Bi nder

1 nun

Bi nder 25,00 %@%00¢ca saBdihder 4 mm

10

15

30

35

100,00 %
30,00 %

RECIPE 2:

72,30 %
3,30 %
3,00 %

13,10 %
8,30 %

100,00 %
30,00 %

RECIPE 3:

54,00 %
2,40 %
3,60 %

15,00 %

25,00 %

100,00 %
30,00 %

RECIPE 4:

46,30 %
2,05 %
0,10 %
3,15%

17,10 %

31,40 %

Ultra High strength Asphalt
Water of the Binder

Aggregates 5-11 mm
Bitumen B90

Filler

Binder

Silica sand 0-2 mmn

Ultra High strength Asphalt
Water of the Binder

Aggregates 8-11 mm
Bitumen B60

Filler

Binder

Silica sand 0-4 mm

Ultra High strength Asphalt
Water of the Binder

Aggregates 11-16 mm
Bitumen B60
Cellulose fibers

Filler

Binder

Silica sand 0-4 mm

25 The further advantage of the UHSA is
pur poses as expl ai ned

Exanpl es of

17, 00 PCPOHeM@EaGeR 5-8 nm
10 5,40 %
23,00 % Bi ndéd 100,00 % U tra H gh strength

RECI PE 2: 72, 30% Aggregates 5-11 mm
13, 10% Bi nder 3,30 % Silica sand 0-2 nm
30,00 % Water of the Binder
2,40 % Bitunen B60 3,60 %Filler

asphalt or bitum nous products.

15,00 %



25 100, 00 %

Utra H gh strength Asphalt 30,00 % Water of the Binder

RECI PE

4. 30 46, 30% Aggregates 11-16 mm 2,05 % Bi tumen B60 0, 10 % Cel | ul ose fi bers
r 35 17,10 % Bi nder 31,40% Silica sand 0-4 nun WD 2006/ 074662
PCT/ DK2006/ BW§08%2074662 100, 00 % U tra Hi gh strength AsphaPET/DEBDOGMOORWAL er of
t he Bi nder The conpressive strength of tests done with the above recipes

an increase 5 in the Bitunmdn content decreased the strength and
Modul us of Elast|C|ty as well as an increased anmount of Binder increased

t he conpressi V@080 engt h Wha Highatieogh dppiRltas- ticity. The Bitumen used was

3,15 % Fille

proved t hat

traditional hotyohpbynen apg.ths,

bi nder. 10 All percentages are

carried out
silica sand
After coolin
15 cast §or
t he recipes

m xes were S
After having
i ntroduced i
test field

10

15

20

30

ase

100C and addIH the dry nder into, the hot m x above
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n@&relmerreurce%ﬁtsdec} sddYhd Rhethesl Ml

was a high strength cenent based
Bﬁgﬂgggn weight. All |aboratory tests were
m xi ng bi tunen and aggregates or bitumen, ag- gregates and

60C.

She,abong recings PrAvRE thatat MCiRa¥er and
£Svar&ohding to

h . e
above were m xed eﬁ store% outdoors a gﬁ%le t tenperatures.
| n Sept enber incré@s¢dodaount héBtrelnpmnmmde]se coanyesive beewmlemcﬂModuﬂds 08Elas-The

hi romdirect sun.and.rain.exposure, 2Q. .dur or age.
iion il Biraet unel wa® HRaREta R SRR 0 Pundd iR A p e
Riréhgeh tenfilt bdsedgind@aver, and spread on a test field, on which

All percentages are based on weight.

All laboratory tests were carried out mixing bitumen and aggregates or bitumen, ag-
gregates and silica sand at 100°C and adding the dry binder into the hot mix above
60°C. After cooling down to less than 40°C the total mix was mixed with water and

cast for testing purposes.

In further tests different mixes according to the recipes above were mixed and stored
outdoors at ambient temperatures. In September — October the temperatures ranged
between 2°C and 18°C. The mixes were shielded from direct sun and rain exposure
during storage. After having been stored outside for a minimum of 14 days, the mixes
were introduced into a traditional paver, and spread on a test field, on which test field
a standard road subgrade had been prepared.

After having placed the mixes water was allowed to penetrate the voids in the pave-
ments. A curing membrane (plastic foil) was applied to approx. half the area of each
test area, whereas the other half was left uncovered.

The test areas were left to harden, and every 6 hours test samples (test cores) were
taken from each half of each test field. The samples were visibly inspected and com-
pared to samples from traditional semi-flexible pavements in order to evaluate integ-
rity, void and aggregate distribution, and finally the bending-compression strength was
determined. The results showed that there were no significant differences between
covered and uncovered test fields, and that the strength development was comparable

to traditionally placed semi-flexible pavements. Slightly higher compression strengths



a standard road subgrade had been prepared. After having placed the m xes
water was allowed to penetrate the voids in the pave- nents. A curing
menbrane (plastic foil) was applied to approx. half the area of each 25
test area, WEHeH¥4¢Re ot her half was | eft uncovered. ThRCT/BER&N@®AR Wer e

|l eft to harden, and every 6 hours test sanples (test cores) were taken from
each half of each test field. The sanplgs were visibly inspected and com
pared to sanples fromtraditional sem -flexible pavenents in order to

eval uat e i nt exgre r¢gisteredy @ ccompdred ofgr teagiiticmald pemnirflaxdhile grayeraents hiving Icgrre-he
bending-conpres%@on strep th was 30 determ ned. The results showed t hat
there were ngp%}GH?PFEQﬁI it ff erences between covered and uncovered test
fields, and tdwafhistdaekgbimngivas eaicRided fRNho WRsdVaNAPariakEletiod © thé afikliddonal |y
pl aced sem -fl exi bl e pavenents. Slightly higher conpression strengths WO
2006/ 074662 PETNINKD SosHme Gerdetactablgehseusingthe ney agd atyeatbyaeprmngsitions #6di t i onal
seni-fle§iblqm§@%§nents havi ng corre- sponding conpositions. On this
background it was concluded that no disadvantages in relation to the
finished pavenment structure were detectable by using the new and inventive

conpositions and 5 methods. Description of the Drawings Fig. | illustrates
t he conpositg}s stem Fh? 2 Illustrates a detail of fig. 1. 10 Detailed
Descri ption OTeSttiRIIanRfd Prayvipgs ¢ | g. | and 2 is illustrated a cross-section

through a mxiofi panki-gtase WiRsRite sdtdhhe exanple, aggregates in the shape
of stones 2 are covered by a bitumous layer 1. Due to the sticky

consi st ency dfig 2heillistraies andntasl offiged. 1, it will adhere to the stone or sand
15 aggregate 2, and when a dry binder, for exanple in the shape of cenent
and/or fmicro silica, is added, the binder will when applied in sufficient
amounts cover the entire surface of the bitunmen covered particles 1,2 as

il lustrated lpetadledDRbligtiondathe Thwatibe- tween the | arger aggregates may
ei ther be covered by a bitum nous |ayer or dry binder , )
fig. 1 and 2 is illustrated a cross-section through a mix of particles where, in the
example, aggregates in the shape of stones 2 are covered by a bituminous layer 1. Due
to the sticky consistency of the bituminous layer 1, it will adhere to the stone or sand
15 aggregate 2, and when a dry binder, for example in the shape of cement and/or micro
silica, is added, the binder will when applied in sufficient amounts cover the entire
surface of the bitumen covered particles 1,2 as illustrated by 3. Smaller particles be-
tween the larger aggregates may either be covered by a bituminous layer or dry binder
in the spaces between the larger aggregates, depending on the time of adding these
20 particles to the mixing process. When mixing together with the hot bitumen, they are

covered by a bituminous layer, adding together with the binder they are covered with a

dry powder.

Fig. 2 is a close-up of fig. 1 showing the detailed system of bitumen 1 covering the
25 aggregates, and the binder 3 covered bitumen, and smaller sand and aggregates 4 be-
tween the larger aggregates 2. A small bitumen covered aggregate 5 is mixed in be-

tween the binder 3.



in the spaces between the | arger aggregates, depending on the tine of adding
these 20 particles to the m xing process. Wien m xing together with the hot
bitumen, they are covered by a bitum nous |ayer, adding together with the
bi nder they are covered with a dry powder. Fig. 2 is a close-up of fig. 1
showi ng the detailed systemof bitunen;{ covering the 25 aggregates, and
the binder 3 covered bitunmen, and snaller sand and aggregates 4 be- tween
the | arger aggregates 2. A snall bitunen covered aggregate 5 is mxed in be-
tween the binder 3. 13 CLAIMS 1. Method for the preparation of dry materi al
for use as ultra high strength asphalt, such that during application only
wat er needs to be added to the dry nmaterial, where the nethod conprises the
fol I owi ng st g drying and heating stone and sand aggregates; mxing the
aggregates w hot bitunen creating a hot m x; adding a cenment or

cementiti qus bi tionall rther iLtives to of mx until
IR VO R e A R O . LR RGN

mai nt ai neGsphal@ éwmpﬂfa@tdmrrmgaéwneaﬂ&w enk X WhiérrIMd%hl@ botaddiey tan@el @yt ng the
m x cool, such that it is stored bel ow C.; whereby during application
only wat ermﬁéééllsWﬂ"@%@%@@t@dtc@nﬂﬂ@e@@e foligwwéng stepso activate the binder and
t hereby create ¥ Met hod according to claim
1, vvhe)r/ei n thed@ ﬁ%gpd%teraﬁ %tn?% regatas an ultra high pgrformance
concrete bi ndemixihgrtee aggrigdtes wmahbi Igturp@rr i:mraltmgcaehotmapr ete binder further

conpri ses cerrent mcro silica, r s Met h according to
claim 1 wherei RAFING 3 Gereat Ohaﬁmﬁﬂ :lél?g‘ffea@ggéﬁ'ﬁ’?&y%%\%ﬂgaé@é\f?& cenent,
stones, p'tﬁéth'o'i sk untif H%eb“ul%éﬁtdot/ér%rdsagd}%%ﬁtresréf‘ré%t@uck?gﬁﬁ & thi ot

i ncreasi ng or decreasing agents i ca ag ash, fly ash atex, acrylic

or other polb(ysrmtamedlatladenmraturmabm\e40_°eft‘za granul es. 4. Method according

to claim1 wher ?'r{?\grtﬁ' nf ? hix gﬁgtlettlhg? he'mix codl déjuec t‘wat It is stored below 40°

C.;
whereby during application only water needs to be added to the dry
material to activate the binder and thereby create a high strength asphalt layer.

2. Method according to claim 1, wherein the cement or cementitious binder is
an ultra high performance concrete binder wherein said ultra high performance

concrete binder further comprises cement, micro silica, fly ash, or slag ash.

3. Method according to claim 1 wherein the further additives may be selected
among: sand, cement, stones, plastifiers, super-plastifiers, water reducing
agents, air increasing or decreasing agents, silica, slag ash, fly ash, latex, acrylic

or other polymers, Perlite, Vermiculite, Leca granules.
4. Method according to claim 1 wherein reinforcement fibres are added to the
mix after the binder and bitumen covered aggregates have obtained their non

sticky characteristics.

5. Method for applying an ultra high strength asphalt pavement to a



m x after the binder and bitunen covered aggregates have obtained their non
sticky characteristics. 5. Method for applying an ultra high strength
asphalt pavenent to a 14 subgrade, wherein a dry granular materi al
according to claim4 is used, where the nethod conprises the follow ng
steps: mxing the granular pavenent matgrial with water in order to create a
castabl e pavenent m x; |aying, spreading and levelling the pavenent m x;

I evel ling and conpacting the pavenent miX; hardening and curing the

pavement Mdupgride, ehdrem QCd?WgﬁhﬁQaF %a@ér@él@o’éom &b Ridifes 5§ @Be®f whked N t he
dry granular  material with water is carried out by one of the fol [ ow ng

means: a clbRdnethed samphisag ths tliewingsstepsil | drum nixer; a free fall mixer; a

pan tYPe T xer RO Bl BBl dteh il DRl B B Lo
of |ayi ng, casinagangnantimix; evel ling of the pavenent m x may be carried out

by one of the follow ng nmeans: an asphalt paver; a concrete paver;
vi brating equi g#¥Rg: Sﬁﬁ?ﬁﬂgﬁﬂdé@‘@@gm& RRYemENt WX K| ng. 8. Method according

to claimb5 mher,gvé""yg?(ﬁ[égﬁgﬁﬁtgﬁﬂefﬁ%lddvg%eq.,@% onpacting the pavenment mx is

carried out by one ng nmeans: rol'lers; power or nanual floats;
trowel li ng; hardening and curing the pavement mix.

6. Method according to claim 5 wherein the step of mixing the dry granular
material with water is carried out by one of the following means:

a concrete batching plant;

a small drum mixer;

a free fall mixer;

a pan type mixer;

a concrete batching truck, or other suitable conventional concrete mixing

facility.

7. Method according to claim 5 wherein the step of laying, spreading and
levelling of the pavement mix may be carried out by one of the following means:
an asphalt paver,
a concrete paver;
vibrating equipment;

straight edges and manual working.

8. Method according to claim 5 wherein the step of levelling and compacting
the pavement mix is carried out by one of the following means:

rollers;

power or manual floats;

trowelling;

other methods, such that the surface is rendered smooth or with a skid

resistant structure.



ot her nethods, such that the surface is rendered snooth or with a skid
resistant structure. 15 9. Method according to claim5 wherein the step of
har deni ng and curing the pavenent mx may include one or nore of the
followi ng: applying a liquid curing nenbrane to the top surface of the
pavenent; applying a curing foil or rane; applying heat to the pavenent
structure during the hardening. 10. Method according to claim5 where a
fibre reinforcenent is added to |ayers arranged on the subgrade before the
| ayi ng of the castable pavenent mix such that the reinforcenment will be

arranged in the finished pavenent |ayer. 11. Method accor dinr%gct_o claimb5
wherein orfe or Mathed aecortnactonsiain b avharein the stepr ebirdaning ansecwingghade

before th i th v X .such that the reinforcenent
will be a P&%é&ﬁg{nﬁ; Wéq?ﬁﬁﬁéﬁgé%ﬁﬁﬁéﬁe%ﬁmﬁ faz;;'/'é‘?".”%lz. Met hod according to
claim 11, wher epplyirtea liquidfooring merhbrang tbehes Bpesurfate dftierpaverakbnthars, st eel

nmesh, carbon wires or mesh, fibre strands or neshes, where the materials
are sel ected amPRYING? BBANG HiydMempbEaNs cs. 13. Dry granul ar nateri al

conprising a dra}SBM@;@eﬁlqg tﬁ@g%ﬁﬂg@@g@%&g@hﬁﬁ%ﬁ% htg@g%nﬁaggr egate materi al

is covered by a n layer, urthernore tumen | ayer is
covered by a binder such that the stone and sand aggregate material is not

sticky, wh rei?\{lt e binder is cement_or a cenentitious bin eby
ShSamcpoiie 4

. der,
S nd o L &S Ahoring o B & Shste A GBIF rEINTaIEeRIED Muadibm © 14, Dry

granul ar RS iadlanged YntthB%ub (raér‘deaﬁéfbﬂf?’thevfﬁ?ihgid? th&RabiaBRepavement Hixt r a

hi gh performmance concrete bin .
such that the reinforcement will be arranged in the finished pavement layer.

11.  Method according to claim 5 wherein one or more reinforcement layers
axe arranged on the subgrade before the laying of the castable pavement mix

such that the reinforcement will be arranged in the finished pavement layer.

12. Method according to claim 11, wherein the reinforcement may be selected
from steel bars, steel mesh, carbon wires or mesh, fibre strands or meshes,

where the materials are selected among carbon, glass, plastics.

13.  Dry granular material comprising a dry stone and sand aggregate material
which aggregate material is covered by a bitumen layer, and furthermore that the
bitumen layer is covered by a binder such that the stone and sand aggregate
material is not sticky, wherein the binder is cement or a cementitious binder,

whereby during application only water needs to be added to the dry material.

14.  Dry granular material according to claim 13, wherein the binder is an ultra

high performance concrete binder.



