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| MPROVED CONCRETE PAVEMENT SLABS FOR STREETS, ROADS OR
H GHWAYS AND THE METHODOLOGY FOR THE SLAB DESI GN

WOBDECR238F THE | NVENTI ON The current i nventi onPCBER2096/064732

to a concrete slab for paving roads, highways and
urban streets or simlar, that presents inproved
dimensions in regard to the slabs of the previous art,
resultl ng | n a th| nner paverrent gnd in conseuence
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r t ith cement or treated with
%EEFQ. 3&3‘%!'}’\4&5«%&&% on is for new concre¥me

pavement s Tﬁ@f&hﬁ% iRt RSeREo 4 'E@PEI%?@b(a'bWBr phviAgFoads,

pavenents w super posed concrete | ayers
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paSS|ng nunber of ki nd vehi cl es.
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S|rrutan ous So the 1 oading systemis
dimensions and the distances between the wheels of a loaded truck and

the passing number of kind of vehicles.

PREVIOUS ART COMMENTS

The traditional systems employed until now, consider the width
of pavement slabs equal to a fane width and the long dimension equal to
the lane width or 6 meters long These dimension make that the vehicles
loads, and especially loaded truck, apply the loads at both slab edges
simultaneously, inducing tensile stresses on the slabs surfaces when they
are warped. This curling is normal and the slabs are always curled with
the edges upwards. This loading system is the main cracking cause due
to the concrete pavement stress.

The current invention considers shorter slabs which will never
be loaded at both edges simultaneously. So the loading system is

different. This new loading system always supporis the load on the
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different, This new | oadi ng system al ways supports the
| oad on theground, when the wheels nove over the

WO oRios33sl ab St will never nove nore than onePCURPIONE064732

gear over a slab. This concept produces smaller makes
tensions, in slabs of fewer di4rensions than the front
and rear axles of trucks, allow ng to reduce the

t hi ckness necessary to support them Thi s thickness
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the thickness is very inportant in order to prevent

cracki ng Adreralf, corwetadsdilmsfonswadsi nighwayenary urban
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1998 reveals a articulated |oad transfer procedure
beavirussacinat seaerals Ingieasad teRgins gyl raagirgments to those
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eVice nade Wit prastic nmesh-considering a shear and
bemhiongns dhesreeprieppreagnateratidnghop poteef dbese . ddsigns use

this way, the shrinking phenomenon is | oyed, to ..
owemfwcémeaﬁ%ew{st mﬁ*@h? ﬁgeﬂtﬂa; | TUANGNITE R Glurealigy but
aqh%gggnpsthggﬁag?jgpsgﬂ,g%a%g;| nuous concrete slab

wh I et

ich w e ab orma |inkage of a hinge type
bet ween t A doBuengnt dcS@042103 (\caspiearRuiz &l irbel),adated on

[ | h K h
or bt g 1PER nievesl s HHLGIE: Db oS PRREALE  priween
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mentioned device. The invention, nentioned in t
ddicesert single dpyice dadle with elistie anesh Hpegisierisgfashear and

St SRS PG B, BN O BBl 2530 S, e
S WhripRFRS phdismenen e mEisyed 92 4adainhVas aierndtivez indehtation
Arat%grl‘lg% 'thgajg)g}?s %r]; adjacent slabs forming a continuous concrete slab
which will be able to form a linkage of a hinge type between them. The
procedure is complemented with a concrete separating element that
makes easy the cracking formation and prevents water to come to the
level space, and that may be hold in place with the mentioned device.
The invention, mentioned in this document, is applicable to concrete
pavements for roads, highways and warehousing in harbor areas, and it
allows designing pavements without using bases and sub bases.
The document ES 2092433 (Vasquez Ruiz Del Arbol), dated on
November 16, 19986, reveals a procedure to build concrete pavement for
roads and airports. A sliding formwork Is placed on a spreader (3) to form

inner holes (2) in a slab on grade (1), the fluid is grouted (4), preferably
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Novenber 16, 1996, reveals a procedure to build
concrete pavenent for roads and airports. A sliding

wo eooma3Bs i s pl aced on a spreader (3) to formPCIEP2006/064732

holes (2) in a slab on grade ( 1) , the fluid is

grouted (4), preferablybentonite slurry or soaped wet
air, in each watertight hole formed by the forrnworks,
pouring the fluid at an adequate volunme of flow and
pmlm slorryancmapled Wwel amoinkeaatewstartightchletfhesed by the
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alternative 1 ndenfation along the joints of adjacent

s| wetorconngta stehstinmildushesnoinds ers famashinkicing Bt thsejob
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formation and prevents water to cone to the |evel
spdeekingnahenemeney ipermpipyed fopphiae aptaiterpative indentation
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r ogigh vl grevalyle tarfdrmed dhicass ofai mn@artﬁm baiveses theemil The

it allows designin avenents w t hout using.bas
S BOBRARE. T PODIRES TR G CPRE %c%ﬁppﬂé%wqqgeemenfj that

F1/9UKES ead! Gthbrﬁbeﬂﬁg fhANGlide B SrevBAR RARHSIOBoHE 1o the

t he nvent e I ncorporated to and form part

oflevel space, and that may be hold in place with the mentioned device.
The invention, mentioned in this document, is applicable to concrete
pavements for roads, highways and warehousing in harbor areas, and it

allows designing pavements without using bases and sub bases.

FIGURES DESCRIPTION

The accompanying figures, are included to give more
comprehension to the invention, and are incorporated to and form part of
this description. They illustrate de invention, and together with the
description, they allow to explain the invention.

Figure 1 shows the measured curling on an industrial floor slab

150 mm thick, 4 meters long. The slab is supported on the central circle,
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this description. They illustrate de invention, and
together with the description, they allow to explain

wao b@7iossamt i on Figure 1 shows the nmeasured curPCTIBPIING/064732

an industrial floor slab 150 mmthick, 4 neters | ong.

The slab is supported on the central circle,the e dges
arei ncantilever. T he corners a re four tinmes nore

d eformed than the_center of the edges. (Holl and 5092)
Fith 8 el aBsshigud ¢ atilewid The ¢ 9rogrs f e ﬁ%urdr‘f"§ﬁd5§r% ormed

Fi ws the effect of
stqlﬂgﬁﬁltéésg o% tgﬁﬁ’%b % &}qg!ﬂaﬁ}d:?ev r length on debonded
concr et e $ligre.2 Bhows éhd |cstbustidah doredd ectslalfs blsmventional

stiffness on anmobunt of cracking in slabs. A nmedium
stTERPIESS is better than very stiff or very soft. The

opti mum i SFI%E‘ BV 8RoWSIhS @bt ép%ffn%"smgﬁérHasJagt%fbant;[ever

Figure 5 shows that shorter slabs have shorter
c dengihevedabaritad d:mmg@tle sfabebs, and therefore smaller

hor ter s FgentagBot by Bredt 8 1hsd By, op Bndnt of

t haueking & sﬁaml lhemegirh isfifnedd BUSSter tRARWSNE BE or very soft.
measured cur | g on an industrial floor. It shows t hat

shbie oplirays !ﬁ e’ SERBPItA GOV Mymasahagi 4893).
( Hol I and éj@r?a 5:!59 tﬁa ﬁ%r%ﬂb%%\}e sl‘ﬁé?{e‘?ec%'ntllelve[)s than

i ncl udi ng C | ng trn orces I N a concrete
FilgHger Slalsé)curi tthEfDEH $oni@mensifostressasikimipei top.

concrete paverrent with 150 and 2 mm t hick and 1, 800
and 3. 600 HigHedh§ sﬁ@aﬁgﬁmteb@;‘%%av&é geparface Torce
ﬁ} chﬁep% feli‘%uﬂfng;ea of slab length on position

an ef fect of h

|'oad Each | oad on the di agram
represent Ftlgmref? shbwarttiab awlasardd sudihgapv ehi ioflestrial floor. It

U b BB BRTo LS BIPRS00
rocks. Figure 8 shows schematic forces, including curling lifting forces,
in a concrete slab.

Figure 9 shows the performance for cracking in concrete
pavements with 150 and 250 mm thick and 1,800 and 3,600 mm long
using HDM 4 performance models,

Figure 10 shows the effect of slab length on position and effect
of the loads. Each load on the diagram represent the front and back axles
of a vehicle.

Figure 11 shows the position and loading of a short slab when
traffic load is on the edge and the slab rocks.

Figure 12 shows the performance {cracking) of concrete slabs
with and without tie bars. If slabs are allowed to rock the cantilevers are
shorter and the cracks reduced.

Figure 13 shows the schematic forces with bonding of the slab
to the base. Shorter slabs have smaller lifling loads so bonding is more

effective.
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Figure 12 shows the performance (cracking) of concrete
slabs with and without tie bars. |If slabs are all owed

W@ eoor0¢ds3s he cantil evers are shorter and the cPEDEB2006/064732

reduced. Figure 13 shows the schematic forces with
bondi ng of the slab to the bage. Shorter slabs have
smaller lifting | oads so bonding is nore

ef fective. Figure 14 shows the neasures of a heavy | oad
truck usecﬂ:ig}met%sbaWsahasnaesmwdabe@y'eaf/y tited duuck ersed in

vent e 15 s m al | owed
%Q?&?L‘é’ﬂlﬁ g%ngﬂjgé’n ﬂﬁﬁ&é‘"}%‘ 'ntVﬁB{]}gur rent invention
Fi gure 16 rsd1a8s18 BRoWwsthawmaimast aRsved nwrdired orasdiab on
on grade for the current invention, over a nean or

mgletie feribr owrment siyeéntiamni ng gear. | NVENTI ON
o oh o PITASIE hBEE o PXSROUAT HEBISk B BRS! 846 on

slab for ghways an reet’s

sidratiarfor tthatcupreps dnventiomrevesca dm@m&)romdeh truegawith one
to the slabs of the previous art, resulting in a

t HUARE §8@Fenent, and in consequence, cheaper than

t hose known nowadays, and with a new sl ab design

nmet hodol ogy, different fromthe traditional ones For

t HNY/ENDION DESCRIAIION sl abs are supported on a

tradition base f this kind,of
be gr anul e gYrERft Z:gvcwtllpﬁ r@%ﬁ%ﬁ? a P%%Feetrélgtsj.?&’%rtpﬁv'”g roads,
pavg s, ahg u‘FHéﬁ §ﬁéei’srb’re§?ﬁ1'ul§:n tht ﬁr@&eﬁt@vﬁn‘b@é\@cﬁﬁlﬁwensmns

and does not consider the repairing o
pamefagatdsta/\ih’erslsbmef s previsniscarst r@su&ygrt@ aﬂh\irmer pavement

t licab
o Ehat ARG APt Ty TBAH Endyf bl iR Bnb Wi o
Cridv &b @eé@msrgmhéd@og differcsit &lom tomagitions @, tm@r this

di st ances be en the eels of a |oaded truck and th

palyBe 9 pAvement, slalis #ig¢ BPPREKHAnea tfaﬂﬁ@ﬁab‘h%ﬁ%/&qfﬁ@stw of
PeS I MBRICENRAT e 68 YrEnfdY R Gith%ement or treated with

asphalt. The current invention is for new concrete pavements and does
not consider the repairing of old pavements with superposed concrete
layers.

This invention is applicable to concrete slab on grade for paving
roads, highways and streets, where the critical element s are the slabs
dimensions and the distances between the wheels of a loaded truck and
the passing number of kind of vehicles.

When analyzing the performance of concrete pavements and
its relation to curling, there are some thoughts that can be discussed. In
Chile there was a very bad experience of unbonded slabs over cement
treated bases. A polyethylene sheet was placed between the slab and the
CTB. The cracking of these pavements started in about eight years, while
in pavements of the same contract over granular bases, with the same
polyethylene under the concrete, the cracks started after fifteen years.
This performance shows the effect of bonding, rigidity of the base and
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its relation to curling, there are sonme thoughts that
can be discussed. In Chile there was a very bad

wezpenissre of unbonded sl abs over cenent treaP@HEP2006/064732

bases. A pol yethyl ene sheet was placed between the
slab and the CTB The cracki ng ®f these pavenents
started in about eight years while in p avenents of
the s ame contract over ranul ar bases, with the sane

p?ey@thhgﬂ glabs uﬂiaerfotwn@oml@rﬂ@ trigsméo @xRlais thisaperigrmance
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baag%hbﬁeﬁ%ﬁttiebé‘leaﬁh QBWWI' |sire§$éﬁ<mﬂh itle ‘a@r@\él iBedidg. For this
s horter cantil ever and | ower stresses with the sane

| ceasendherisieal Rugp@hsisidityte witeastifopssopt CRRy(%pit {Repistance

e CBR (Soil Resistance Test) 30 to
50/%’3(@?’@&04;56% ﬁ%g'i“oft of a base, now with the | oad at
the centera iyl dofpoddutaske main quilit thes demd ait thbecenter will
bottom of the slab and bottom up &lracks Thi s

expPElfe Ensie alEsseR et dhaborpm ohhe,HabiancbiRsF Ricracks.

a f

hEhik 1S, SATEREE°pUtasch id AP Sl (b LIRSS @iEHecD Bl the

_erl;]étamseswil béunelabeclf by r;liw slbﬁinmaaoelqﬁdn@embdmmmddﬁormable
isis ri n t t I

< Couihaioet (Mg ) TSI gt it R b are warped

Cuﬂév\/ aldP mt&e@%@mﬁ;gm tt‘&ﬂ,ﬂjm onﬂ!allé.nléﬁ’r@&% Strédyls Wihﬁthe

optimal material to Use as base material would be wth
CBRd iesigremeB®dan beBosdhwhewling aipphehomans was kegwn.

e e ol art Sl A BRACE RSB hero
ovRhulape swith tOBRBRe@4n Bheameasied whed fithesslavs drbecuried
base could be different if the slabs
upwards. in Chile, the most durable concrete pavements (more than 70
years on a high traffic road) were built over bases with CBR 30%.

The needed stiffness of the base could be different if the slabs
are flat and with the bottom up crack possibility.

Ancther point to have into account is that heavy traffic normally
runs at night, when the slabs are curled upwards. T his would make us
think that the upward curling should be the main consideration for design
of a rural pavement.

If the slab curls upward leaving a cantilever ofa fourth ofits
length, then a shorter slab will have a shorter cantilever (Fig. 5).
Therefore, shorter slabs will have reduced tensile stresses on the top than

longer slabs.
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are flat and with the bottomup crack possibility.
Anot her point to have into account is that heavy

wo e@fpis3hormal |y runs a t night, w hen the s PEDEPR06/@4732

c urled u pwards. This would nmake u s think that the
upward curling should be the main consideration for
design of a rural pavenent. If the s |ab curls u pward

| eaving a cantilever o f a fourth of i ts |ength,

then a shdvsar sbhder vilabs hbae areshoed ecudiagt i Theyegurling s

{Grlppbod FVSRS i BBRl Bhel b b G B o
shrrit e6rceligpsodianed Byedbeef apdthémgal diffsreatiall dmithkiage on the

produced by an asymetrical force on the surface of

t rRyrigcebof( tegceycrel. sTisfews bidgessdbeFoppiraeiorngr fndt up
th(ﬁ[. differentia! shrinkage on the surface of the
cofd ‘e. This force induces the construction or built
ﬁpdCUf : ! ngahe]:l'?@firtb“ shrﬁr%ﬁj@ cunkiagds cuel tonyei syddandict difference
ydraulic difference between the t and the bottom o

t Heetwesh therip andishe §OHPwa9€thﬁe§a%3P SRR ﬁLthe
huti.di £y H ! | I

a%tﬁrhﬁ %Q%%?S@Wh% tf'lgma dr§&jon t%g Sur}g?ﬁé’;ﬁﬁ?}ﬁ?}gm, and
hutisdinbyt gfrtheditierd dpradineesurtaceupwar d curling The

resi dual ward curling for, the slab with cer .

t enper at ur' &% r BAUNERY \Hggd'ﬁ*ﬁtas PAHCEH e P%WBHPr%HI‘“QA The

P MRfAH _%Pw%?dj Rt thal S8t With BeldhRimérafilirétir@Blen®ivas
175 Cwith the top colder. The maxi num positive
griadiaentcdnipaShile onateaipddanenitheand wasseabvalant e thermal

t he surface, 1 [ t : :
DBt 2857 458 Mo B SRl BRRIDR B gpen
C UinekBGredbati rABIdAR X WABMiBE siitoWasttoret thdenrfate, Was 18,5 °C.
in and the tenperature gradient with the top.cold are

adbieig meanssthgt s sleReayik DRtIRFLRWHISITOYPH; Hgal%fysapresented

oo R BPIFE bpbarg RSt SR HrRANEB By o e

i Meonernture ograelikrte withbuhé t topy dolill are @ddedngis gives the
maximum upward curling of a slab, and normally is produced at early
hours in the morning, before the sun comes oit.

Construction is important to reduce inbuilt hydraulic curling. A
good curing to prevent surface water loss when the concrete is not stiff
enough will reduce curling. Allowing some drying of the concrete from the
bottom surface of the slab, by not using impermeable materials under the
slab or not saturating the base before placing the concrete, also reduces
humidity curling. Care should be taken on temperature of the base when
placing the concrete. Maybe some watering should be done to reduce the
temperature of the base.

The main thermal shrinkage is produced during construction.
When the concrete is placed during the hot hours of the day, the concrete
on the surface of the slab will be hotter and harden with a longer surface

because of its higher temperature than the bottom surface. It will also



10

15

20

25

30

good curing to prevent surface water |oss when the
concrete is not stiff enough will reduce curling.

W@\Rdoows23g8 sone dryi ng of the concrete from t hePODEPING/064732

surface of the slab, by not using inperneable

material s under the slab or ndt saturating the base
before placing the concrete, also reduces humdity
curling. Care should be taken on tenperature of the
basadanefirspl Wiang théectemmaraisre . cavagd ed@yhretonaoenihgvorking

e
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hot hours of the day, the concrete on the surface, of
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S Ul i i ner . .
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prfgijr}éfc\%ﬁi ﬂé“@iﬁlj@?’,\%rn@ S (fiﬁ‘}ir}gr hAagkMPchmBed@ncrete in
the a an I

ternoo eveni ng, W reduce high surface .
t enper at uebaartbanedeer that comgruntiont timingeangcuring are big

differentials. Th f ind ' d

F e pre s b B e B R p e B R Gane o
the slab Inghgidiy, 65013 8 engefietelAbag sldiss, e frongaddre axles
will be bigger, "and so the curling and the canti] ever.

| tlorddhd elehsss doth pdges sivatlianepr sl (Figd Wy Thisdoadingrgduces

c obe: MR v dide' Rufsdq JO B SRBRIENEREACR s cured
| omgvaldebmduting thp @tiwrabricksafhesd nsll@stiesdes all thedra are
bot h edges si nmultaneously {

{Fig. 10). This | padin )
Pébire 8 o cmpeNt moGUachrb i sl ver Padtsel i, Shi In this
paé’iﬁ{(‘é‘?i%,m‘f‘#?% tim'gﬁ[t‘éHf fredoH@VRhdfer, WRRHCIBYStABr B one
cracks. ese tensil e stresses at the trop are due to
t helabuaking tipis doladiegl Tine skabscaiaborie angaeducs thehetredssls on
In this situation, it is very inportant the | oad
t r @@t 880 which al l ows nore than one slab taking this

Lgagggg Sr@ggfé 3bsh s |tAB patsinRie’ RABRRKINYE oS I PaFEMent
varying only the thickness and the slab length, all other design parameters
were kept constant. The models used to analyze this performance were
the HDM 4 models developed from the Ripper 36 models. 1t can be seen
that the cracking performance of a slab 3.8 meters long and 220 mm thick
is similar to a slab 1.8 meters long and 150 mm thick. If the slab is bonded
to a CTB, the performance is much better.

This model over dimension slabs since it induces load on
edges.

If slabs are short, of a length where the front and rear axles will
never load the edges simultaneously (Fig 10), the configuration of the
loading and the rocking of the slabs change the stresses configuration

within the slab. Only one set of wheels will move over the slab and the
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Figure 9 shows the performance in cracking of a
pavenent varying only the thickness and the sl ab

wo engbie33al | ot her design paranmeters were keptPCT/EP2006/064732

constant. The nodels used to anal yze this perfornmance
were the HDM 4 nodel s devel opéd fromthe Ri pper 96

nodel s. It can be seen that the cracking performance

of a slab 3.8 nmeters long and 220 mmthick is simlar
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ed¥ighsphihe slaBoyd | ipdues @e&%‘? Stfew@e@@if‘fha@i&%% Fag 11). In
theisl ! % ﬂ@a%@f aﬁ‘é’cﬂ?ba ok tkhﬁesglégaﬁﬂﬁnﬂ%gthlﬂ%hen it

stresses’ con |g ion MAt y one ‘set
wheeks szbvblthmamdmadmgheklsie@bndm thieegdcabetvy Df theoglkb and

orst i theifeitts ImEEIT (LS el Sk WD SBf o to rock,
haye sﬂ‘és%é’ RASES réﬁ'&@ﬁcﬁstﬁiﬁmbhﬁe %ﬂﬁﬁéésedﬁhe%é@et@@pﬂmal
| oading. Tn rocking, the siab w |

wei ght of Tthleefa_ﬂbwmgmﬂalbfa rAdsicews éh@uge@ngetnegﬁésﬁ@t s&rwes

SRR LI% iy B SR oRE AT 085 bme et e

t heantmdver li9adi ngmas! thedepgitdodthd BI@bWU%’ opfoddheransfer,
slab and not on the traffic |oadin s| abs

t ar e
cuvhen gadvaifialeadds lappbad 6 the erdge p%ﬂ“%ﬁ‘ﬁ@ﬁ‘é’smﬁl $'ab s up
r ff |
rraerafer ERE a2 oo Shb, LRI o0kt B BRENRH R, it
sttheskdts |nduced by the wei ght of the concrete of the
slab it was assuned that the cantilever is 0 4 gm LB,
the length of the slab and 70% of | oad transfer, Rirah
de traffilc | oateigd applidéd at Mdwenedge of the s i rezstedt
the slabghjfts Ry the gther en t hepmpgxt sl ab.kdy
al so shg\svs t he axie Iog% needeggté*g)dllftee tﬁye( sl ab. A%(le
load to L height width Monent s lift the slab

500 25 350 3076 30 10767
500 20 350 2461 37 8613
500 15 350 1846 49 6460
500 12 350 1477 62 5168
500 10 350 1230 74 4307
500 8 350 984 92 3445
450 25 350 2492 24 9680
450 20 350 1993 30 7752
450 15 350 1495 40 5814
450 12 350 1196 50 4651
450 10 350 987 60 3876
450 8 350 797 75 3101
400 25 350 1969 19 8613
400 20 350 1575 24 6891

400 156 350 1181 32 5168
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(cm (cm (cm (kg*cm) (MPa) (kg) 500 25 350 3076 30
10767 500 20 350 2461 37 8613 500 15 350 1846 49 6460
WGOB7AR3360 1477 62 5168 500 10 350 1230 74 430F1/EPDOG064732

350 984 92 3445 450 25 350 2492 24 9690 450 20 350
1993 30 7752 450 15 350 1495 40 5814 450 12 350 1196
50 4651 450 10 350 997 60 3876 450 8 350 797 75 3101
400 25 350 1969 19 8613 400 20 350 1575 24 6891 400 15
350 118%#0B2 5168400 123850 945949 4134 3H0 10 3501748
ggosggsgagolgogﬁ€86go 59 2756 386 25 3587 1507 14 #@37

029. 350 15.350 904 24 4522 3 2
350 7247940 36188350 10°350 6036%2 3015 350 8 3505%§§
45 2412 175 25 175 377 4 1884 175 20 175 301 5 1507

175 15 145 226 £ 1131 i5p 12 145p7181 8 994 7537
350 20 350 1206 8 6029
350 5 350 904 24 4522
350 12 350 724 30 3618
350 10 350 603 36 3015
350 8 350 482 45 2412
175 25 175 377 4 1884
175 20 175 301 5 1507
175 15 175 226 6 1131
175 12 175 181 8 904
175 10 175 151 g 754
175 8 175 121 11 603
120 25 120 177 2 886
120 20 120 142 2 709
120 15 120 106 3 632
120 12 120 85 4 425
120 10 120 71 4 354
120 B8 120 57 5 284

Table 1.- Geometry, stresses, and needed axie weight fo
induce stresses (o) because of own weight of the slab. Several easy
assumptions were used to simplify the model.

For thinner slabs, the loads needed to lift it are smaller than for
thicker slabs. Light traffic will lift the edge of the slabs that produces the
tensile stresses. As the number of lighter vehicles is larger than the
number of heavy vehicles, the number of fatigue replications is increased
for thinner slabs.

Having this as one mechanism of failure, the design should

take into account the geometry of the slab. This geometry can be
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175 10 175 151 9 754 175 8 175 121 1 1 603 120 25 120
177 2 886 120 20 120 142 2 709 120 15 120 106 3 532

wa22e7a23390 85 4 425 120 10 120 7 1 4 354 120 BCI/EP208&064732

5 284 Table 1.- Geonetry, stresses, and needed axle

wei ght to induce stresses (s)tfPpecause of own wei ght of
the slab. Several easy assunptions were used to
sinmplify the nodel. For thinner slabs, the | oads
neptietkedoby designingathe siahli¢regthtinaccouranckitokbe ssdeabed tire

nght traffjc wll lift edge of the slabs that
éeﬂ@?%icpg'@?'?g As the nunber of

f ght er V\?Hﬁ%.@& h%h'aﬁw%né B h@@snwmrngofhéwﬁaﬁw loads

vehi cl es e nunb fatigue replications is
i neaeﬁmederﬁer of thmmom!m rethagingdhe hnading abie edges and

a&% El!tlgsmgag @q;lgewr?ﬂbq {}:faﬂ% eg%%alrggiﬁq% Q\g\é\rmt Bhg third of a

beq touia qgk@m@%ﬁmwastﬁé@r sh&origitngial umn@mg@mng ghe
to the axle and tire di stances of the npbst comon

t pedesManee.wi dth of h alf a lane al so hel ps in taking

the traffi trﬁ% I$@tg§w@tﬂa&%ﬁ EE Eﬁl%d O\Fthf\ Tafn%‘é’ %rmal

reduci ng ng a es an
CadNid Irewkith, with Bendrr aymvrmtﬂ:mld:lese;rt |aom1arr¢w«an dmmtmﬂamean

third of a iane could the traff d h
| BRGS0 HRPIDE TR SRORG (o CRET OF RraeST Fhes

| ane wi dt &h@a&hg?cjgﬁﬁ'éﬂn%ﬁ%n Wethmulf e 'Icﬂﬂ(%% BREr are the

normal lane in w wth a non symretrical design, a
naorowebstresesrial alflahelabatuebie anlg]emelt@ l@ba@pctsheport This
traffjc Ioags at e cent t he oater | anes.

CRBHIPBsIoa e bPRAT FRs T sTeskes POYEhon LorcrabkRg, Ine

stresses should be checked in this situation, as they will be another limit
for the thickness of the slab.

When the slab length is reduced, bellow a given length, the
stresses produced by traffic loads change. For long slabs, load transfer
helps in supporting the loading. For short slabs, load transfer adds the
loading of the adjacent slab and increases stresses. This is shown in Fig.
11, where it can be seen that eliminating the load of the contiguous slab
reduces the stresses. This can also be seen in Fig 12, where the tie bars
increase the cantilever and the cracking of the slabs, by reducing the
possibility for the slab to rock and accommodate the loads in a less
stressful position.

The curling forces tend to lift the edges of the pavement siab.
This is due to a moment produced by the force located at the surface leve!
and not at the neutral axis of the slab. Bonding of the slab produces a
downward vertical force which compensates the curling moment. If this
bonding vertical force is bigger than the curling lifting vertical force, the
slab will stay flat on the base. If this is the case, there will be no cantilever

and the top tensile stresses in the slab will be much smaller. Even if the
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norma! stresses for a flat slab due to bending over an
el astic support. This condition produces bottom

W 200304838t resses and bottom up cracki ng. The BCT/EBREE064732

shoul d be checked in this situation, as they wiil be
another limt for the thicknets of the slab. Wen the
slab length is reduced, bellow a given length, the
stresses produced by traffic | oads change. For |ong
slealhes liftoa the bosdieg ftveepwill redugedbetieémgihtdiéhe oantileger, as
For short slabs, |oad transfer adds the | oad] of

- unosTameRhuf e AR dvets Uit Prap BT DL Gng
F'f@rgeﬁ'he WitIRdirdg GANgdaInserhd Brb & tdntimabobiohehere the
| oad of the conti'guous slab reduces the stresses. This

c anrlaigupvear dsome isiheisgmezas thiedhanding deyvawgsg force.

' h | d. acki
oy et KR SoLBEE Ry rERReL 4 6 PampPhal o
AGEARTRE phoetatd. datsis Moke Inesarait vagssiff basss, tikematerials

The curling forces tend to lift the edges of the
pakeatechwitbicementgir @spsaljue to a nonment produced by the

force | ocg@{ﬁgo@éq%@%lfsgr@ﬁgg\ﬁi&%\éghd a{Bﬁﬁf‘%(—f zdbesg P goncepts

neutral axis Sl ab. of the s duces

a ghenwgeandihviais gearhetrp tiuesivs sels arenpainbadies ta the own weight
curling monent. If this ndi.ng vertical forge is
bigdbr YRRANEHBecRRToY OF%P? tire &%P@?Q-i f_?)aﬁu?'sﬁ HPWarfeslabs.
S| 480 Whé thisk¥ss $k8ui@Bet difecRag by the dthissebSndledCBY Bexion
there wll be no cantilever and’the top tensile

stofdlas es warpachdowhabrdwlabs ogentiehbasgal | er. Even i f

t heedges Ljft t he bonding,force Y e

| engt h of essg'?it?I?&/e‘?“{r{jé’%‘g}mg%@uw %%ﬁﬂ}*gﬁqttﬂ slabs.
hayi@wvifg iy ?dc%jq"ﬁﬂﬁfét s|BhOEH6AH reyudd etrbesud inghé pavement.
The unbonding wil geg under the slab up to the

pgémf imtrwhdpad transtairghionls telrsl fBiscwold dasgr pagerqents
t he dj Wn Be i sl ' ,
bevﬁ‘g? i%g’i ggglf ggrst %Eﬁeﬁgggrmbﬁceeg?%gﬁtr {edtqgmg'g@agérredn? g§3|bie

Thirst bAd RBpEratiBRaTitaslands tars be fdchieasdsyith chbs or by vertical
materials treated with cenent or asphalt. Wth sl abs
hasteekpinaae the eutefdaes ) the Bldbdesi gn concepts change.

XV;ALhm;rgﬁtﬁoriﬁ}ewiohh&rﬁkﬁﬁsﬁx% & BBLARY Hisst Bf Eheruck,
generated by the four bearing points of the wheels. Figure 14 shows a
truck with two front wheels and two pairs of rear wheels. Front wheels are
separated at a distance D1 and the rear running gear is separated at a
distance D2. The distance between the front axle and the first rear axle is
L. The purpose is preventing that front wheels, or both pair of rear
wheels, bear gver the pavement simultaneously, so the slab shall have a
maximum width given by the less between D1 and D2, to which the value
Dx will be assigned. To prevent that one of the front wheels and one of
the rear axles bear simultaneously on the slab, the slab must have a
length smaller than L. As may be seen in Fig. 14, in this way, the slab will

have a maximum width Dx and a maximum length of L, assuring that only
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of the slab and the position of the tire |oading, for
curl ed upward sl abs. Al so the thickness should be

wehb@cked3dy the stresses induced by fl exion of PET/EP2006/064732

war ped downward sl abs over the base. The short sl abs
curl much less than ordinary {®ngth slabs. Al ow ng

the rocking of the slabs should reduce stresses in the
pavenent If this is true, load transfer should not

exinet whbks beatd dndtsi glabpawenetites track hmoves tovel tharmad o
within the slabs. Confinenent to elimnate a possible
diigtWahd separation of the |anes can be achi eved with

curbs or hy Eﬁa’&;béa' thet efhb®i DA OBet hergeut Gharedars &fd L
the sl abs. The i nvention consi ders the four bearin

pmm&smremeatst r s kslaermetatradstopet Hene oalr distancasg tha qt allow

P ,%I(G}ﬁ%is o t %gﬁ%\gnﬁéh%u&ﬁn]g% tiu?q&%%aqf%cpékth &hibieR or

wWheRrks a")die% &ﬁa@ar@é adsih Rfstieptance & ptefenedt @@dueah of the
running gear is separated at a distance D2.

dicsirrgnt dntssttinse Puth@re rgtech At & éﬁdntlﬁagﬁlr'@*@@i ﬁ@%@e and a

mﬁ%@gi@%nr@ %d;{tﬁ%g;&%?@ (—?seglﬁg V\ﬂé‘ﬁ'\H@tﬁbgbgtr!efg\%fé%ttt%emeasure
paxRmeMdntSionhidlf ankeaeskidth.sdntthe Ghikdans badd, |tiaalb/ slabs shall
maxi mum w dt h gi ven b%’l the | ess between D 1

D2
W 176 04P00 a0 Wi PImBBdibe  pRsa Mees geaieal 2t het Sniy
OQﬁe ?Jostsffﬁfe b QthW\ﬁQ{/B @%%toﬂg {amgﬂﬁtd Eéﬁera&%&é‘rs@ﬁﬁrthe

I"t aneous must have a
I &!ygtdms VMItih@presimn th:sAmtnm;noUealiseénnH} at El(tlﬁtaﬂce ph3.5 mto

heb i ansvare oFoaions elpeig ek oL latist e BRgiina

Ofbetn'@.é sHaaheWhem édifl té a%;mmmqwmhwmad 0

hi ghway. I n practice, the slabs wll be |arger_than Dx
and L neadinedismnsionsoalivabie slabdavesa thiskrgssnk thipner than

A

axér%?r ysisl 9Edh@ | dte dieiiht Rfoer gagsferd, tha gm&rﬁ@rsmpdort capamty,
execliion of the current inventi on, cut e _sawed

3 theigpncsigiresisianse, ensurligacondiiing n he éﬂf‘gﬁﬁ%% the
d't%@aﬂm%fﬁ@%iﬁh@ wdth at |east at a rreasure

Once the measures Dx, L and E are known, the ground shall be
prepared for paving in order to put in place the necessary amount of
concrete that shall fill the right lengthen rectanguiar paralielepiped that
forms the pavement slab.

The minimum value of Dx width is longer than 50 cm, and
alternately, the m aximum dimension of the width is e quivalentto half a
normal lane. In the same manner, the minimum value of L length is
longer than 50 m. When using a reference truck for the slab design, the
maximum length may respond to 3 m or 3.5 m, depending on the distance

between axles.
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equi valent to half a lane width. In the Chilean case,
ideally slabs shall have 1.75 mlong and 1.75 mw dt h.

wabmgme4seasur enents are not only the possi bl e PCEEP20061064732

they present an exanple to better understand the

system At the present, this &t in normally done at a
di stance of 3 5 mto 6 min transverse direction,

all owi ng slabs of this length in the |ongitudinal

sense andMaieovirdtiie stabaiay Peaswenarad Pyretraditignal base for

5, SRR 08 A5 AR BPEP el GG
t lir eleaesbwhhiaspphNen by a stress anal ysis of the slab

wei ght, I gad transfers, the round ort

the concrdfe P Q@W&%O“%h‘@ ¥ubP®i ﬂ%t%gg%ﬁ%@txg% gweg%ly and
f

| RErREIEA AP0 ARG R SHE MR

béypespsyad, frakinpeasigr ihe desigr. to put in place the

Piﬁgf hon’ PSR atf Pas DAPE: PBISHebe e e B He G Y be
r?ég 'ﬂ‘iar?‘{k%bmejéﬁﬁré%‘ Mk HRE Q/Q:h}i%yoéavﬁ’?ﬁg Wit épdris tapes cut

O cm and alternately, t nmaxi num d i mensi on o
fto tie waintchmieasugesqui val ent t o h alf a normal |ane.

In the sa rrann Wﬁ%‘ésﬂ rBHQJvnva léﬂ%m? h%t gﬂgé%wﬁ% or

| onger th g a reterence

slae desirgg eéthe BB yEsR d rivigodid mwlrrge@vmrttieistab% m or
3.5 m deg_endl ng on the distance betwee
ax| esMbor edhermogeldrugkady rnﬁwy\@l.g@ﬁay,@tae(@lbgﬁf&ont wheels and

L;@F% ¢ APRIndGe8, TR cAPBE! S PRAYRIERLR 1B CISiRDBALe, the

e dgran cems or treated wt
asptahte 'EhWOaldabednaameddmtvmyntibedmrmmdﬁi and the first rear
experinmentally and conpared with a desi gn catal ogue
ba®d® on t he performance nmeasured by test spans,

meking easiehebiyh Qe§l'aﬁnu5|ﬁ§ iHe \ﬁ@ﬁeﬁ?"ﬁ\}éﬂﬁ@ﬁ the foi!owmg
previously, the“pavenent span may be [arger than the
meastioes|ody ispdposedt by sawi ng, the spans may be cut

a) To determine a model or mean truck with a distance D1
between front wheels and a distance D2 between one running gear and a
length L for the distance between the front axle and the first rear axie of
this running gear;

b) To dimension the slab width at a distance Dx, which is
smaller than the value of D1 and DZ;

c) To dimension the siab length in a distance smaller than the
value of the distance L between the front axle and the first rear axle of this
running gear of the model truck, and

d) To dimension the slab thickness for a distance E given by
the concrete resistance value, considering the traffic loads, the kind and
quality of the base and the ground type.

In the methodology of the current invention, the minimum value

for Dx is longer than the 70 cm traditional large cement tile. The



to the wanted neasures. The nentioned di nensi ons woul d

allow that only one wheel, or one running gear, be
wa@bwaypssbeari ng and novi ng over the slab. The POOEP2006/064732

truck or nmean woul d have a pair of front wheels and a

rear running gear, as can be s®2en in the Figure 16. In

this case, the distance L would be neasured between

the front axle and the first rear axle. To design a

s Inadxinnsin glimksesionr P&nis iequitalerdnto hiaé & onorewilnigne and the

t hodol d T ' del
R LR O Aol el B FL S i ont whee! s
and a di SH@W@ BR AgdqRes ceuitsinnéhodgegy, and based on a

length L for the distance between the front ax|e and
t Heading druckedlr MeRNe Sofesian Safalpgie e de; gw)erated using the

s t I ' '

it ter M Felierishsy bl B e FeffoflgiRer edtihel chitng test
t@@aahab Iength in a dlstance snaller than the val ue
of the di ance é‘bet tgg%f xIe nd the first
rear axle faq pditionalitar te F PEVIEISPEANGAY
dhalg tﬂg@@ﬁé?nﬁ’éhsﬁ(ﬂ?s %aﬁkarHer‘Deéﬁdftﬁén ath‘?é §b§|ﬁ‘(‘rﬁaﬁbe cut
gi ven thé concrete resistance val ue,” considering
thusntgafsﬁwdoltbadﬂnemmensxmdamhldoqaa!alley of the base
and the ground type, In the nethodol ogy of the current
i nvention, the mninmmvalue for Dx is | onger than the
70 cmtraditional large cenent tile. Themaxi mum
di mension DX is equivalent to half a nornmal |ane and
t he maxi mum di nension L corresponds to 3 0 mor 3.5 m
Havi ng an adequate cal cul us net hodol ogy, and based on
a loading truck or nean, a design catal ogue nmay be
generated using the Dx, L and E di nensions, based on
the performance neasured on the test spans



10

15

20

25

As an additional step to the nethodol ogy, the paving
span may have bi gger dinensions than Dx and L, and

WO b@n/0423B8 s span may be cut using a saw t o t hePCT/EP2006/064732

di mensions Dx and L or smallerCLAIMS 1 A concrete slab
as a pavement in streets, road®, highways and express
hi ghways of the type built over a prepared sub base
with the concrete poured o §|§§ characterized in
that: the maxi rum w dth of lab Dx is given by the

| east 1rrea§\uﬁ§né’r‘49%hélﬂbtat% Eé&%rﬁ@ﬁ?m%tﬂeéﬁ oR8s! k Qﬁvar\{s and
wheel s of a truck wth or average a t he
di estpasase hiphwayst difetheetypef buliceVer afpraperacbaub abasleswith the

t he sane st andard. or .avera ru t he maxi num | engt h
of ORGP b SiP e ERel i Blnce bet ween t he

front 1gadnagdun Wbt ef el md@,r giveh By efedeadtMelsure
the thickness E is given by the val e of 'strength of

t athiinribe elisanes Digof hectnrl whealsi @ trisktwitlf hpenal load or

n BiTagd FRI SRR DA Rgnb ot Mer' BBl boior the

| isdri@btdnaardibnaveragwitdick; Dx is greater than o 50
meters. 3 A concrete slab, according to cla

char adb@madeuihlangh of fe slab WW@ﬁg@\hﬂLe ﬂ@t@ﬁf@ab%tween
L hAg f%ﬁgng‘?é&rf Sxelé ofBAUIEHEA Gt RRraGEROEL! N9 1 O
aracter T

I zed pported by a
t r adl tthenbickoess Eeise ghane e rihe sudud ad estrerigdht of ahebeoncrete

granul ar, cenent treated_or asphalt treated. 5 A
Lo STReTaieb i RGTEdoTa R AN kit ehs dipsentype
t hgtgohhe maxi mumwidth is half the normal |ane width

6. A concrete slab, according to claim1,

char a&. er i/zeondrate slab, ah@rd‘mgi wuweiainegrhaiastegized in that the

e e vl ERE o E e SRR, P L L
based 3. n peebRdreRNSIAHOhcEdrHRlg BESAINPNS characterized in that the
minimum length L is greater than 0.50 meters.

4. A concrete slab, according to claim 1, characterized in that it is
supported by a traditional concrete pavement sub base, that can be
granular, cement treated or asphalt treated.

5. A concrete slab, according to claim 1, characterized in that the
maximum width is half the normal lane width

6. A concrete slab, according to claim 1, characterized in that the
maximum length is 3.0 meters.

7. A concrete slab, according to claim 1, characterized in that a
design catalog is generated based in performance of trial sections.

8. A concrete slab, according to claim 1, characterized in that a
sector can have bigger sizes than Dx and L, such a section is sawn to the

maximum dimensions of Dx and L or smaller to them
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8. A concrete slab, according to claim1,
characterized in that a sector can have bigger sizes

wao ban/os3sknd L, such a section is sawn to the PEREPMONG/064732

di mensions of Dx and L or snaller to thenB. A concrete
sl ab, according to claim1, chéaracterized in that the
concrete of a slab can be poured directly on site with
t he di mensions of the slab in a formof rectangular or
squaré) pafeforireis pad, accordingderdaia 8, shansctesizedriaithet the

SELRAD i S8 B5L B DAL LA R Pnsions o

sun@@rattﬁml feem dffreciahgblar pr edugiengarallelepipgd i n t he
| oadi n of the pavenent in respect to tra

bi gger!Us| dp§ONGELe (562, gACGREERGAE) SEY™F br C glaFﬁg?%er@d in that
S'magya%ﬂg%ﬁé el br &ﬂ%e&ﬁvﬁ ¢t 081 why dUI IMRURIANY and

expr ess hways o e type where the base is
preeppoedd andert fiee w&a&mr eralucngaurainge gi tte loading of the

characteri.zed in hat ¢l udes .the follow ng
sthayeFendn Bspenk %ﬁ%d*h%wgl Si‘?;éﬁ'age truck with a

di stange BeckiketmemBdbiogyf fd?%or\'&?@@ %!a%féd pévé\‘héh%n%ed in
D2 between the set of réar wheels and

?Sttx\fﬁéml toagsf rha;gi}]wmdznth\eemre@ hn@“arvas@x@f tr@ﬁ? tvm% viwgre the
oA SrendBr AT % dtintefle: S hRDaT e et B eRY, ther

D3; ingRidekhge FoROLNg sfagebe sl ab in a distance snaller
than the length L of gl st ance between the front axel

and t he fﬂ%ﬂfn‘r@%rthﬁx@@rW’ PhaveEgatrugkewity af disiance D1
ol aégﬁrkeﬂrth | {)ﬁtgﬁ/hte@écgndaé‘%&?h C[?%ttf?ét\% Qﬁstﬁeoéefth P rear

I'n a di stance rven b ue of ‘stren
t hehesig anet # |drath mg)émﬁeenabedm!tt dridethier farbf ra:arlaxadsf the set
u Iit% of the base and type of soil. 12. A
3%gy according to claim 12, characterized in

that in t %}%t HABARh UIAE sBib (M8 dm@hbiont e wHicH EUsMaller to
val ue of I's greater than 0,50 neters.
the minimum value between D1 and DZ
set the length of the slab in a distance smaller than the length L
of distance between the front axel and the first rear axel of the set of
wheels of the normal or average truck, and
set the thickness of the slab in a distance E given by the value
of strength of the concrete having into account the traffic loads, quality of
the base and type of soil.

12. A methodology according to claim 12, characterized in that in
the dimensioning of the width, the minimum value of Dx is greater than
0.50 meters.

13. A methodology according to claim 11, characterized in that in
the dimensioning of the length, the minimum value of L is greater than

0.50 meters.
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13. A nethodol ogy according to claim11l, characterized
inthat in the d inensioning of t he | ength, t he

worew7mssyalue o f L i s g reater t han 0.50 neCEEB2006/064732

A net hodol ogy according to claim 11, characterized in
that in the dinensioning of th® width, the maxi num
di mension of Dx is equivalent to half the norrml Iane

. nmet hodog| o y according to cl ai e
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di nensi ons t and L and then, such section can be
cunetsirs.h a saw to the dinensions Dx and L or smaller
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18. A methodology, according to claim 11, characterized in that a
section of the pavement can be poured directly on site wityh the
dimensions of the slab in a form of a rectangular parallelepiped
19. A methodology, according to claim 11, characterized in that
always only one wheel or one set of wheels will be touching and
supported over the slab, producing a change in the loading of the

pavement in respect to traditional bigger slabs.



