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WO 2007/042338PCT/EP2006/064732 1 IMPROVED CONCRETE
PAVEMENT SLABS FOR STREETS, ROADS OR HIGHWAYS AND THE
METHODOLOGY FOR THE SLAB DESIGN OBJECT OF THE

WRILAERPERIRI 5The current invention refers to a concrete slaBG&ABARAFEF4732

roads, highways and urban streets or similar, that presents improved

dimensions in regard to the slabs of the previous art, resulting in a thinner

pavement and in consequence cheaper than those known nowadays,
vicld Edidi (RAYB ROV SHIBS AR B TREFISIIBOADS

oneapfﬂrénwmww?ﬁm@ﬁné@aﬁa@@wg HRIECS A BAYHERA
basefor this Kind of pavement which may be granu
cement or treated with asphalt. The current invention is for new concrete

paemety @ teeInveepriefer the repairing of old pavements with
superposed ncrete I?ers 5This.in 5ntlon is a “CG}%n to concrete

slab on grad r(plg{/? o548 ‘OH@@J&E g gn%)g‘t% SIPENER ] ﬂ@gi;

eleh'r@m/a:ya e d hets labsaitnensionkgrdahprdstanceshetwe eiinthesions
t

e I KAl

unﬁtrﬁbw W@éﬁﬂ@@xwmﬁ@%avémM@am%ﬁ%@%e etV Eh @

theloRg BIMERSIN AetRIdeI6ae, lame witthah QHBaFarsHoNs These For this

dimension make that?ﬁge vehicles Ioadi and especrall loaded truck,
apPPEHY RGNS BotPRRATE RYB8CPS Rﬂtﬁtg%w bRRsIRG s of
stresswmntthﬁwﬁtabmswtm:eﬁamhm thepae wihpedmiEnis cuthogtist with

et h%l?d SIS Al ‘?n%'é!%"t’r}é GUHSON tBﬁc‘?%ﬁees RIS ThiSqoes

Ioa system is the main crac ing cause dUe 16 the Concrete pavement
Stréss consrder triee EpesindrveatbRa@TSRIEES Wibrteysapesetichnlipte
neygl-3Qbe loaded at both edges simultaneously. So the loading system is
different. This new loading system always supports the load on the 2

ground, wherl B R HRD8RRIGEP IR PrBRRHG SRR NI FREFIPRRA NS

MoreadarhyteveRNINgigstpsay el Asiabh d bisteneaptiyeidticas smaderbs
makes tensrons Cp sllabds pf fewe dtlmens ions 1 tlﬂan the frop rear axle
f? CW ahd { stan es ’huck n
of tFUC S, allowing to reduce jickhess necessary 0 suppor
Thithehickasess madistion I@err)s thbigiegal costs. Generally, concrete
slabs for roads, highways and urban streets have dimensions that
normallyﬁ re of a one lane width, in general, 3500 min wide and 3550 to

60GREM QS AR BIIOMMENTrt the load of heavy trucks, that generate

increased tersiens antbreq wyemests iplbase dAtslabs, wasigvlthe width
where the ickness ortant in

|
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corﬁtt@t@@taasﬁwsmﬂ\hﬂméqaﬁﬁ‘% Hresrsprew tpeaétﬁ@smrféq@b witendirgy

linegrcapingder demite Mmafe Wthdlastiamesk @agpsrmr@a@ﬁ%@é@ with
bending scheme prepared. até%ei}sho preV|ou y In thlsw‘y the

shrifiRiry PrreHBARINS N 5% %%‘E&uﬁé AITERAEGE T LS5 726
along tihejointeef paljeeenttdabssforming a continuous concrete slab
which will be ahie 1o forp J A‘E ec%é‘ré‘é I HREPEl %’t?e%ﬁ‘c%m IT | Never

procedure IS comp emente a concre e separatlng element t

makes leagycihetchmkingffinmaion @napreventSwalies tiveoing ﬁ)fﬂfﬁa'n is
levetigpace, andithalmawheheldyaaircawdys the mentionrd devicsthe
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, 1996, reveals a procedure to build concrete pavement for
30roads 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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3 bentonite slurry or soaped wet air, in each watertight hole formed by the
formworks, pouring the fluid at an adequate volume of flow and pressure
so, once the formwork are stripped, those holes are supported by the fluid
WerauEet diihem, closing del concrete pores and proportionf¢d #R2¥6{HpHIR2
for fresh concrete in the small tunnels; then the necessary procedures are
made in order to form the concrete. The invention mentioned in this
document allows saving concrete of the roadbed upper layer or of the
bagedayer wharobtaind ectiyiavadbed foe svekinglakdof ltositligger move
highaY 5 Rask: HAYS RNGLAIRIES ALOTHe Sarument WO 20001890 or

(Vasquez Ruiz Del Arbol), dated on January 13, 2000 reveals a articulated

ol A IER B LA B ARG ETENS S UGG W BiFeaTAeIos
forareﬁluak@uagoahH@eﬁr@b@tﬁﬁmellmaaka@@qke@&w@@dmsﬁwwgt plastic
ering a shear € e prepared at the shop
premfr@\f}w g%/‘CYRe eéﬁ?% Uﬁig Rorienon is employed to
obtain an alteﬁwwdlmdentamam atdagsh&joimsdf, atjgbeayslabsdfotrriiag
a C&'P&E‘&%‘é"cﬁm{s}%.Br?sbtﬁm'ﬁarmﬁrgﬁa"i‘@'sftg ronaninkpae 9l adiaes,

type between them rocedure is complemented with a concréte

seﬁeﬁ%rﬁ@ﬂér@rﬁd@ﬁpﬂwaéﬁﬁ)al@e@)@&smméoaacrkrharﬁﬂrnﬁaﬁaﬁraﬁatb?évéﬁtsf

WaF%éWQﬂEB@stOcﬁBGg?&:é%t@'1ﬁ9@%%ﬁ%ﬁld@%¥r@@é@@k¢eﬁ&i@§%%ﬂbw
the mentioned device. The mvengon mezablo ed nthr a%%ewrgent is

apTRAPIETB LN B aGETBHES 5 ?ng%;? RERGUSING th
harirgsateais,iancrdeall o desighiorg gdugmeAtsiolithbub esingl &siges arsd

Sukretreﬁ%ﬁe%%F ICURES RESCRIFIRN acs nr;gn AscmpaR ragrl@uraat

are cluded 1o give more comprehension to the invention, an are
incopeRaEg bapeforsirendicand tescription. They illustrate de

invention, an@rr@%eernwrrhehezqi@@%@tmsmﬁyzaﬂégw tREXRIBIN thied on

invention, 30Figure 1 shows the measured curling ?n an industrial floor
sla4%0) mr’?ﬂﬁ%tl(eﬁ?ﬁg‘te?s flieHIg1Re s19B9s KaPpGiet APt hfryeen

circfenddhestsigemaite wreantjiever aT@&ﬁ@fetﬂrslamegjmmhmm rsicggoint

defd rr‘rgsed th%an }he d%e/pteer n% (%rée vﬁ%g ?a éﬁollans%zg re 2 sﬁows th
loa rlflcal s On slabs of conve tlona measures ows t

effdutrofisgffacissrot thecpasedontciimi Ié\r@ﬂenmimwebdndéu&dmetﬁre
slalfyinking FHEUFR ASOYR th @fé sebofhaseRtftesHOR AQUALShtation

cracking in slabs A medium stifiness is better than very stiff or very soft.

The il 3§'B@tv@éeﬁ‘?@8¢€‘%é‘%€%tf%mﬁw§nQﬁaﬁi“i@%)ccmf%ﬁré"éb
sr?qm]:ﬁdhawrﬁétebs&b%we smagé Gl BN RIS ttn;@a t@mgéﬁla@namﬁe
therefore smaller tensile str gur SNOWS

PSS fo o e o s estes s S AP A dhat
Frgmel@sm‘wg ﬂhat onectéoge tboodiing cmdnpireligstsaividder.ter teslivs the
that ghg &Hae zredﬁﬁsr& i 9 thag rﬂngrgé«@ban&r'm@wﬁe%cagawgmé

shows sC matlc orces, Inclu curling'lifting forces, in a concrete slab

Fngrreegemam@merpeﬁwan&br 6 cRRRImEM cih @eriGERlR iR fensple

OF%RJ@r%éﬁrgnmrtmakﬁ@nqghﬁg%amcﬁ»@&r%m%tﬁggﬂﬂa&eg HPM dand it
performance models Flg 10 shows the ef?eé(ésrof slab Iength on

posfiloha e UERIEIRTNE HIU&H‘%H?ﬁ@Sd SH? R358%ent the
front and backr axlesmfrasvefiEl@092433 (VasquEzglamzlﬂesrﬁmM)mmted on

poswg\r/lean d Io;f)gl %8% ar89é3£ sS|a r\é’pg&re 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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25traffic 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.
WA glRE%33&hows the schematic forces with bonding of the &8/ B880¢E4732
base. Shorter slabs have smaller lifting,Joads so bonding is more effective.
WO 2007/042338PCT/EP2006/064732 Figure 14 shows the
measures of a heavy load truck used in the calculus methodology of the
cursentdniteryiomy or sodpgurerdibeshdwsdeh mairtight adeviedmeeasyites
of 2.5l GNATAdS for the fUTentinventan.ie oy FIULE AGPIRYS I e
maximum mé sures allowed o grade ort & current ention,
overasneatherimoteditier Rith e ﬁbﬁﬁﬁw@@ﬁh@@l\w&m@i\by the fluid

DE&%RH%TAPM&QWSM@&I doveptiriarata ereeeﬁrsmrﬁjahé%ppm

paving roads, highways and urban streets or similar, that presents

|m|5 %&@B.&zﬁ@ﬁgﬁf&w iReetard toRe §|AB%%¥%%9%W RIRCRLURME
a thmw pavedeent andniniconsegiretce, Thedpesihion hesddmaivin this

adays, and, with a new slab desi ethod dn‘fer nt from
;s e B e e ialea el SRR
traditionaldyaseafol thidaknsd of fgidenvadbadidtr neag e gassulr, wedseds
Wlﬂp‘ gpyrg Q&é@fﬁg}}é{lgﬁ@%@&g he current invention is for new
a

conc ete vements and does not consider the repairing of old avements

with superpodé® cepetEtaNhyQ. 26PR8 1RYENtYASRURSIERId8! Arbol),
CO rt%aia lélﬁilb!&%mgfﬁld% f%hD@V!?%élgdé highwess (lj@@hd stEeeter wibekitre
ritical element s a thes IMEnNsIons t Istances
ettt R e e e S i
yemﬁkew:Whemaaalmwmmpeﬁadaan&emmmb paverwing antd@s
Its 1%%118@& ; @%rﬂ% B same m&%%g Hﬂé\s.segsyge flisgHssedy e

Chi ere Wa aver xperience of unbonded slabs over cement

treaibmwm@wéwéh@@ﬁw%@ pHaEdR Benslem e eI dKgnwiRe

CTBiohberEasking fotlaaﬁa%mvgms@t%mﬂgdanc@hqmjm@bm@réte/vb%
in pavemenés of t he same coni ct over E?& nular base§ with t E}?

30pBR/BMYHERE RIS B it YA HRe VRS RS
Thigpreddumancecshplsrtbetedfestitbl Bondimge egisttyanéing bsasmantj tBat
Ien(?nh oésslgabfyo'{me { oligwi gfghmg{%t%ﬁ t&s@ﬁ AU P PRSTQURANGE the

an opl%lmlze ncrete pavément design e pavement slabs are

supﬁ@d&b&ﬂ@ﬁ%@b@sﬁéa’ﬂ/\m&h ﬂﬁ?e‘%% tfunéaqetnéﬂbé@@ g effonswilFavce.

sinkrag 'hm%eﬁ Chidrabagee pf WBP@&@M@%PQ§@953@!&%!@&&3&%@}/&@
long (Figs. 1, 2 and 3) With the loads at the edges, this will produce hl%d "

tendIRYeTEEsR 45 tAESs IHRERARIRE 4I4F ERA B A SWARRRKE 4Pt e
basgiisveo e thenplaavillsikowithieavisihg ishastesreastilebesand lower
stresses with the same loading. For this case, the ideal support rigidity is
with a stiffness of CBR (Soil Resistance 10Test) 30 to 50% (Fig.4).

A tobl 66IREFaESE RIBWAIth the load at the center, will produce tensile
stresses at them) ottam. &fn% |rg apdibetiom WP GrackRdrhis |sg;g<glamggg

because the will' be Whol y supported and the stresses will nduced

by tREraRfeRETRIOM @r%@mﬁ%r AAGF P8 S bl RVERR Y. RifCf

Sawﬁu@ﬁ@@E@xW@Hcedﬂﬁébetmwed&armmwnw&rdtd@@m@th\&th the
original thought on c cuI resses |th the old design methods,

befdtBSHPLARIAREY S Ch\% m ¥ § KAGHIRON

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 suggests that the optimal material to use as base material would be
with CBR between 30 and 50% when the slabs are curled 20upwards In
Chile, the most durable concrete pavements (more than 70 years on a

WagHat¥oad) were built over bases with CBR 30%.  POT{EPARISHEE 32

stiffness of the base could be different if the slabs are flat and with the
bottom up crack possibility. Another point to have into
account is that heavy traffic normally 25runs at night, w hen t he s labs a
re doeled gpardsn THsiaEd make o eiink abthrd npeearcbeadintprmed

shahiteclbemaibr enidgeationdes flesignpr a rural pavement. I

the s lab curls upward leaving a cantilever of a fourth of its length, then a
shorter slab WiffH&ve %‘%t%ﬁc@ﬁﬁlé\?@??ﬁf@f@ﬁ 80 ThafeteossREgnal
slabsewillifzave reduced tensile stresses on the top than longer slabs. WO
24107/0423 PCT/gP%OO6/9§647%2 7 .. AlSO, ?n rt??r slabs hav%[
reduced curli ’&“’f% gur(fi\ﬁ’a | %r%(ﬁ%eoé BWQ%%?S}? BT PP BH e
surfecgtiobthecslahd@eig;6) drale fabs.is produced by drying and thermal

aifferential siipane.uig SUilaceRIdNBCAATeB FIR 0P UUGRS o
the construction or built up Scur“ni%}@%%iﬂq The d Ing is

> - K e arying s ranage cur
duBotHesHpdFae Giffepdiee B eftyy dhanenoHBhror tie &b,

Therplabgsnlivarericdiearotom sethahuandiof thegarth

d der th t, gnd it f the time dry on th
e N Tt A S S s
residug@uﬂmkmd;wirﬂrwéﬁnrkhersbﬂlan/\mhsﬁerﬂmlaemur&a dgopdient was
measured in Che. LR) pYEEN5AnANRS e AlEDIdo & el oo

gradient of 1 e top colder. The maximum positive gradient
medsdré¢ratarfidaay whew Re-slab was hot at the surface, was 19,5 C

15 This meansdhial therbak nexerekiaerIhmgronnth IhalWas foor. It

presented an upward curling, being maximum at night time, when the built
in attPt e ElRD S PRYEesHIf iRaBRClaaSrAa kP PR 208
the maximuntigwadstishing of ensléb fared g dnmatinis quoidgdeshatieards,
houlF]s i%thgrggg%rllére)g, before the sun comes out. 20Construction is
impor?an?% reduce inbuilt hydraulic curling A good curing to prevent
surface watefigggewReshhwsotitrepeitorioastiéf dnoughskingedtucenncrete

curling. Aloying§oTR KD 8H e COREIEImI oM e Baltam ey fage 18hg

the slab, by not using impermeable materials under the slab or not

satiinadg i HRSEBERGRCEIA99E e concrete, also reduces 25 humidity
curling. Care sigawdilestaken Bz tefaperied edtasmbaseyshm Rlagingect

th te. Mayb teri hould be d to red th
tomiPOTRUTESY (A BR b e e Eh RTINS € HloB0L A e Age
consfragtbitle. When the concrete is placed during the hot hours of

the day, the “19@8?@? 4 B\l)&erﬁé‘%&fﬁ% t%]ﬁgﬁé?ﬁ%!ﬂ@?é@ﬁgﬁ %‘% when

harden with a Ionger surface because of | perature than the

botteafisprsts. anviine Ad8e\WT! S 7 reE8PCT/E132006/064732 8

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 lifting loads so bonding is more

sffective.
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harden first. When the temperature comes down to normal working
temperature, the top of the slab will reduce its length more than the
bottom part, and induce a superficial force that produces the upward
Wiy 4RIdEing the concrete in the afternoon and evening, RAITERR9EE064732
high surface temperatures and reduce curling due to thermal differentials.
These forces induced by drying and tertiperature shrinkage of the surface
are dependant of the slab length. For longer slabs, the curling force will be
bigger, and spighecudingans the eantiener,dt kardeenseenrthat used in
coqﬁgu%sié)nﬁtémn%%%agg icurirg)g @re Bi'ge%?%)@etriggtors to curling of concrete
slabs; f:oge%er wit eng?ﬁf/ Nofma ly, 6 35 t0 5 meters long slabs,
the front and frgaurraxiéssbadshipestabsimubothledgesrsansitaseaiuslylab on
(Fi%,]aQﬂ&3 s, loadingindusesHihe traffic surface tensile stresses to the

pavement when it is curled upwards, inducing top down cracks. These
tensile stresse§atan tFheUreinS BaLifHRe PRGTIERE R @irRtRBb on

canifieyerrpathel tigrslabinvetiisrsituation, ihisarenyr impegnmibe inad one
transfer, which allows more than one slab taking this loading. The slabs
collBH03HRG reduce the stresses on each slab. Figure 9 shows the
performance in cracking of a pavement 20 varying only the thickness and

theéﬁ?gﬁﬁqgtn,ﬁgggﬁrﬂqggn parameters were kept constant. The

models used to analyze this performance were the HDM 4 models
developed frorhaHa! RepHEIes v delerate saes seén e biederderifrpds,

IOeV%Wﬁcﬁﬁ%%ﬁé@%t%%lﬁﬂ@@ﬂ%?%@é@éﬂtﬂ%i@\%mHi%ghﬁons
slab 1.8 meters Ion%réﬂ%% mm thick. If the slab is bonded 25to a CTB,

the PERBPHARETs i PRV BHel 5o BihiR SIS BRI RDE
induecesitoadnepdges, chedpstabamattawitnoia leogbtaferaritieviton

d | il | > imul Fig 10 .
o G SRR fAER AR BRE RUB R e or s
strégpePEpaviginetio s AlhFiarRe RIsHiehin ehbasditionalheesfailthisddad of
ovepdhensial anshbinengysiab willHask iy shat theead yyillalwayshe

touching the_ground, therefore well supported, and the slab will have no
streR¥UeroADEHBP I dUSRIRV S BRI RERAFRIC IRARIARStRe L idBes
will it liftediasd the vegighinal tieotlapavidhiedtcenensilestiesses abibeste
surface (Fig 11). In 5 this case the stresses are produced by the slab's
owrka ight when it rocks, Now, the main loading will depend on the
geometry of tRbislityanidbnads epnieatrigffic t¢oadinte Kaheos|givsderéocpraving

UPWB&%&”H\Q!W&&%"&HJ AGedne SirerseR vl dPdG R BSSHONG WRibe
stiffness of the bdse is %ptlmal The following Table 1 shows the geometry

andlifeeatiessed  fotikatistanegathe werhien HeWnGete/Brdse dupk @nd
wastaspHBedsthakiber eamitavenisiisist times the length of the slab and
70% of load t(&nsfer, wt]en de ﬁaffic load is a pl}ed at thg edf%se of the sla
and the slab I g‘%’i& ﬁﬂ?é’lﬂ@gé B BRGAHBANER: LB RS BAHESHE &4
loadtnecdédrtadiftutimglabete (sra)sheighthtarghisidthi(can Modientsgeyicn)
a  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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length of slabs. The following thinking tries to explain this performance
and optimize concrete pavement design.

The pavement slabs are supported by the base. When the slab
curls, if the base is stiff, it will not sink on it and the central area of support
will be small and the cantilever long (Figs. 1, 2 and 3). With the loads at
the edges, this will produce high tensile stresses on the surface of the
slab and top down cracks. If the base is soft, the slab will sink on it leaving
a shorter cantilever and lower stresses with the same loading. For this
case, the ideal support rigidity is with a stiffness of CBR (Soil Resistance
Test) 30 to 50% (Fig.4).

A too soft of a base, now with the load at the center, will
produce tensile stresses at the bottom of the slab and bottom up cracks.
This is explained because the slab will be wholly supported and the
stresses will be induced by the deformation of the slab over a deformable
support (Fig 4). This same effect is induced if the slabs are warped
downward. This is the original thought on calculating the stresses with the
old design methods, before the curling up phenomena was known. -

This suggests that the optimal material to use as base material
would be with CBR between 30 and 50% when the slabs are curled
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.

Anather point to have into account is that heavy traffic normally
runs atnight, when the slabs are curled u pwards. 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 of its
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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Also, shorter slabs have reduced curling. The curling is
produced by an asymmetrical force on the surface of the slab (Fig.6).
This force is produced by drying and thermal differential shrinkage on the
surface of the concrete. This force induces the construction or built up
curling.

The drying shrinkage curling is due to the hydraulic difference
between the top and the bottom of the slab. The slab is always wet at the
bottom, as the humidity of the earth condenses under the pavement, and
it is most of the time dry on the surface.

This humidity gradient produces an upward curling. The
residual upward curling for the slab with cero temperature gradient was
measured in Chile on real pavements, and was equivalent to a thermal
gradient of 17.5 °C with the fop colder. The maximum positive gradient
measured at midday, when the slab was hot at the surface, was 19,5 °C.
This means that the slab never got flat on the ground. 1t always presented
an upward curling, being maximum at night time, when the built in and the
temperature gradient with the top cold are added. This gives the
maximum upward curling of a slab, and normally is produced at early
hours in the morning, before the sun comes out.

Construction is important to reduce inbuilt hydraulic curling. A
good curing o 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
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harden first. When the temperature comes down to normal working
temperature, the top of the slab will reduce its length more than the
bottom part, and induce a superficial force that produces the upward
curling. Placing the concrete in the afternoon and evening, will reduce
high surface temperatures and reduce curling due to thermal differentials.

These forces induced by drying and temperature shrinkage of
the surface are dependant of the slab length. For longer slabs, the curling
force will be bigger, and so the curling and the cantilever.

It has been seen that construction timing and curing are big
contributors to curling of concrete slabs, together with length.

Normally, on 3.5 to 5 meters long slabs, the front and rear axles
load the slabs at both edges simultaneously (Fig.10). This loading induces
the traffic surface tensile stresses to the pavement when it is curled
upwards, inducing top down cracks. These tensile stresses at the trop are
due to the moment produced in the cantilever part of the slab. In this
situation, it is very important the load transfer, which allows more than one
slab taking this loading. The slabs collaborate and reduce the stresses on
each slab.

Figure 9 shows the performance in cracking of a pavement
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 86 models. It can be seen
that the cracking performance of a slab 3.8 meters long and 220 mm thick
is sirnilar 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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slab will rock in a way that the load will always be touching the ground,
therefore well supported, and the stab will have no stresses produced by
the cantilever and the loading. In rocking, the slab will be lifted and the
weight of the slab will induce tensile stresses at the surface (Fig 11). In
this case the stresses are produced by the slab's own weight when it
rocks. Now, the main loading will depend on the geometry of the slab and
not on the traffic loading. If the slabs are curl upward and allowed to rock,
the stresses will be reduced, assuming the stiffness of the base is optimal.

The following Table 1 shows the geometry and the stresses
induced by the weight of the concrete of the slab. It was assumed that the
cantilever is 0.41 times the length of the slab and 70% of load transfer,
when de traffic load is applied at the edge of the slab and the slab lifts up
the other end and the next slab. 1t also shows the axle load needed to lift
the slab.

Axle load to
L height width Moment 43 lift the slab
em)  (em) {cm) (kg*cm) (MPa) (kg)
500 25 350 3076 30 10767
500 20 350 2481 37 8613
500 i5 350 1846 49 64860
500 12 350 1477 62 5168
500 10 350 1230 74 4307
500 8 350 084 92 3445
450 25 350 2492 24 9690
450 20 350 1993 30 7752
450 18 350 1485 40 5814
450 12 350 1186 50 4651
450 10 350 997 80 3876
450 8 350 797 75 3101
400 25 350 1968 19 8613
400 20 350 15675 24 6891

400 15 350 1181 32 5168
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4134
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2756
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3015
2412

1884
1607
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886
709
532
425
354
284

Table 1.- Geometry, siresses, and needed axle weight to

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 fo 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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optimized by designing the slab length in accordance to the axle and tire
distances of the most common trucks.

The width of half a lane also helps in taking the traffic loads
near the center of the narrow lane, reducing the loading at the edges and
reducing the cantilever in the fransverse direction. A width of one third of a
lane could take the iraffic loads near the longitudinal joint, worsening the
performance.

The lane width can be optimized. With three lanes per normal
lane in width, with a non symmetrical design, a narrower central lane can
be designed to keep the traffic loads at the center of the outer lanes.

The other load condition that must be looked after are the
normal stresses for a flat slab due to bending over an elastic support. This
condition produces bottom tensile stresses and bottom up cracking. The
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 slab.
This is due to a moment produced by the force located at the surface level
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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edges lift up, the bonding forces will reduce the length of the cantilever, as
the curling moment will have an inverse moment produced by the bonding
force. The unbonding will go under the slab up to the position where the
curling upward force is the same as the bonding downward force.

Bonding of the slabs is beneficial for the performance of
concrete pavements. This is more important with stiff bases, like materials
treated with cement or asphalt.

With slabs half a lane wide and long, the design concepts
change. With this geometry the stresses are mainly due to the own weight
of the slab and the position of the tire loading, for curled upward slabs.
Also the thickness should be checked by the stresses induced by flexion
of flat or warped downward slabs over the base.

The short slabs curl much less than ordinary length slabs.
Allowing the rocking of the slabs should reduce stresses in the pavement.
If this is true, load transfer should not exist. This would design pavements
with no steel bars within the slabs. Confinement to eliminate a possible
drift and separation of the lanes can be achieved with curbs or by vertical
steel pins on the outer edges of the slabs.

The invention considers the four bearing points of a truck,
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 over 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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12057 5 284 Table 1.- Geometry, stresses, and needed axle weight
to induce stresses (cr) because of own weight of the slab Several easy
WAL IaBHs were used to simplify the model. 5For thinner BEHEP3s/064732
loads needed to lift It are smaller than fqr thicker slabs. Light traffic will lift
the edge of the slabs that produces thé fensile stresses. As the number of
lighter vehicles is larger than the number of heavy vehicles, the number of
fatigue repligatiensivincreasethfovibinnee slaksk Hvavingghisras one o

mehcigﬁlwgbgn of failure, the design should

In practice, the slabs will be larger than Dx and L
measurements, so slabs cuts must he done at distances that allow
generating slab dimensions that change the load effect of the vehicles or
trucks axles, used as design reference. In a preferred execution of the
current invention, cuts are sawed at 3 m in longitudinal sense and a
longitudinal cut that diminishes the slab width at least at a measure
equivalent to half a lane width. In the Chilean case, ideally slabs shall
have 1.75 m long and 1.75 m width. Those measurements are not only
the possible ones, but they present an example to better understand the
system. At the present, this cut in normally done at a distance of 3.5 m to
6 m in transverse direction, allowing slabs of this length in the longitudinal
sense and the width equal fo a normal lane of 3.5 m width,

This dimensions allow the slab have a thickness E thinner than
traditional one. Calculation for the thickness E is given by a stress
analysis of the slab weight, load transfers, the ground support capacity,
the concrete resistance, the curling conditions and the bearing area, the
type and traffic volume.

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 rectangular parallelepiped that
forms the pavement slab.

The minimum value of Dx width is longer than 50 cm, and
alternately, the maximum 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 fof the slab design, the
maximum length may respond to 3 m or 3.5 m, depending on the distance

befween axles.
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take into account the geometry of the slab. This geometry can be WO
2007/042338PCT/EP2006/064732 11 optimized by designing the slab
length in accordance to the axle and tire distances of the most common
WRRIREN42338  The width of half a lane also helps in taking thRCGF4HENA6E 32
near the center of the narrow lane, redyging the loading at the edges and
5 reducing the cantilever in the transverse direction. A width of one third of
a lane could take the traffic loads near the longitudinal joint, worsening the
performanceMoreoveThihfastalvitiyche beppptiteizbl. aNiatthres! |aaes fsor
nopak g in, wiclh with-aNBP Y THBE Fc Y dRSIGR o (NRSTOW G RERSALNt
lane can 10be designed to keep the traffic loads at the center of the outer
larfeidreated wWileasitload condition that must be looked after are the

normal stresses farn flatrslaisidue tenbenaingadieinan elastiaseppaly. Zhis

ity T R R TR T SRR
15tnr thet t!ﬁiaka,esmkiﬁmeasi'@biha des\gimen the slab_length is reduced,
pellow 8 giveRSngl tNLAGRSE TREVBIGRS. Rid"allielngre gp&m%laggfe

long slabs, load transfer helps in supporting the loading. For short sla
lodd@rgandien daeidnpesiyagi @ﬁ%iahjédéhﬁ%ﬂ%ﬁ&ﬁrﬁﬁéﬁ%é@%@%&é.
Thig, ig, s hithsd@d 1, where it can be seen that eliminating the load
of the contiguous slab, redac s the stresses Tgils ca{g a}rlso Ibe seen in Flg
12, where thd 8 BERRRGE LD RS RIRANRAT ATRHHEL 2Bk Er e, o
slabsebyreidycipgrtihe possiElte dontherslabdeingekvanthactapnmodate
the loads in a-les ition, ' '

edges of theaglé%éﬁeggf gﬁwﬁﬁ%g '&Zb@ anﬁ%(z)g;nge t%?gjt%}gd%y%&geﬂlgnd
foréerRAatetNinareesirbt €38V aRPAdNa & lelRrdiPaxis dhiheargn the
Boping & h6,8lah Rrodhcss rdovetwass \REIGRINOEEHEhe first rear
compensates the curling moment. If this bonding vertical force is bigger
thafdfie curling lifting vertical force, the 30slab will stay flat on the base. If
this is the cage) theskmilh beto caintijetrer ane¢ne topaeisile thice sssnimg
the slaé) \gil be much smaller. Even if the WO

200710993588 ETTEPS6116/064732 12 edges lift up, the bonding forces
will reduce the)léngtesithiscantiads] as teaurlivgimoitient ditdzse B
Invese QAMeAt Riadkice iy, thelapding iegedhernRandingguir apd a

under the slab up to the position where the curling upward forceis the
sartfnaithdidhgidstrowmRaRyasredhe front Bglaifii dhiirsidisgiexie of
bengficiahforgheeperformance of concrete pavements. This is more

important with stiff bases, like materjals treated with cement ot asphalt, .
With slabs hatff)aPa WH%‘%E?IS@,% e%@i\gﬁﬁ%ncgg%g%%anﬁey\&)ﬁtn 1S
thissgesdimetnaritibestrisses Breandinly;due to the own weight 10 of the slab

dth iti ire: |
R e

thickness sho s Induced b%/ flexion of flat or

warnidedeihovaizianapd- driwesn pagdront axlerpadsisriiethReeaimatinis

less,thamQudinasy IspgHh takschllamang the rocking of the slabs should
reduce stresses_in the pavement. 15 If this is truef load tr?‘%}sfer egho,uld ngt
exist. This wotdd BeSGRTAVR e RARIH 175488 BaR ARIARTRE SRS BY
Confipementte eligknaiecapissiterdrificsing separafiionafdthetten&mdaand
be achigved with curbs ar by vertical steel pins on the outer edges of the
s.Iabasu.ah yo the asef‘ﬁé‘lr;f\'% [gHi%rt?sEfgérs the four bearing points of a
truck, 20genekatsd biethedelgobearing poirastdnveativhetis. migimangalue
shops girugk Wit eninwhes!sand.vkiBaiss Rieatuhestsfgontrhe
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
25wheels, bear over the pavement simultaneously, so the slab shall have
W8 RAXMI width given by the less between D1 and D2, toRGRIERI6/064732
value Dx will be assigned. To prevent gtéat 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
30havéraumastimensiendDis aaduavalariniunndhgthnoflnahssuengrithahe

R S S e SR ™) e t

! r the road o highway. In practice, the
slabs will be yagtRan IIRGRIY. PRéELUPemBINaleeBYay EufPRfisOPe 2

doﬁﬁa@ﬁhgi%@ﬂ@%ﬁ W@bﬁ!'_@’\’o@sﬁﬁ?ﬂ @é@ﬁﬁ@@a% gtfﬂ%‘@@ﬁ@rﬁ%@@ Qhﬁﬁﬁ@@he
the_load effect of the vehicles or truclﬁ?glxl%s, used as design refer%r%ce. Itn
a préferddf xSUTHROR 8P En O 23R PePl i\ R DA TRERCG A SaREaCaR s hFifeS

longitudinal sense and a longitudinal cut that diminishes the slab width at

least at a megsur jval if.al iglth. i

doally siabs o 15 e g B2 D MR DAL B8R ey
memsiirdrigentsdiresnaiona e Brsaitid-ones, thanhtjspsesentay be cut
exaqIRiedQ RpHStHINgRIsIhe SYsiem ofb g Bresent, this cut in
normally done at a distance of 3.5 m to 6 m in transverse direction,
allowing slabs of this length in the longitudinal sense and the width equal
to a normal lane of 3.5 m width. This dimensions allow the slab
have a thickness E thinner than traditional one. Calculation for the
thickness E is given by a stress analysis of the slab weight, load transfers,
the ground support capacity, the concrete resistance, the curling
conditions and the bearing area, the type and traffic volume. 200nce 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 rectangular parallelepiped that forms the pavement slab.
The minimum value of Dx width is longer than 50 cm, and 25 alternately, t
he maximum dimension oft he width is e quivalent to half a normal lane.
In the same manner, the minimum value of L length is longer than 50 in,
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..
WO 2007/042338PCT/EP2006/064732 14 Moreover, the slab may
be supported by a traditional base for concrete pavements; the support
may be granular or treated with cement or treated with asphalt.

The slab dimensions may be obtained experimentally and 5compared with
a design catalogue based on the performance measured by test spans,
making easier the design. As it was mentioned previously, the
pavement span may be larger than the measures Dx and L, but by
sawing, the spans may be cut to the wanted measures. 10The mentioned
dimensions would allow that only one wheel, or one running gear, be
always bearing and moving over the slab. The model truck or mean
would have a pair of front wheels and a rear running gear, as can be seen
in the Figure 16. In this case, the distance L would be measured between
the front axle and the first rear
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15axle. To design a slab using the current invention, the following
methodology is proposed: a) To determine a model or mean truck
with a distance D1 between front wheels and a distance D2 between one MCSLLP
running gear and a 20length L for the distance between the front axle and
the first rear axle of this running gear; 1 b) To dimension the slab
width at a distance Dx, which is smaller than the value of D1 and 02;
c) To dimension the slab length in aglig#viee smaller than the 25value 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 ghegnday fireproacisiig resistasies siahie pevesidering dwitinflitreets,
loads, the kind and quality of the base and the ground type, 30In the.
o AU AR B R LRI e e ARG B P R repared
shantitleecod et fslifiomaldasgesite nudratrtieteibed 15 tnaixininoudiesathsidallowing
DX is equivalent to half a normal lane and the maximum dimension L

&8ponds to 3.0 mor 3,5 m Having an adequate calculus
methoddlogy dastetivisied an stéortding tuckeagedn)ckdesibaveataldgdance D1

may be generated using.the Dx, L and E dimensio sed on the

oo FENER DL L s Lparis oaneR. Dz ekl W et of rear
the methetitogydthdgrating beanavaytiaiebiggel dindetisdirstthear Bxel of the
andL, a dﬂ}he this span may be cut using a saw to the dimensions Dx

and L 8?1 a"ffgﬁe 6 CLAIMS 1.Method for producing concrete slabs
pavemignts used ihstreiels ofotids, dghweaythandasdpradshhighsragiieofthan the
the type where t ase [syyepared 5and the concrete is poured on site,
charac?g?éi%sino?ﬁ:zﬁ if %%?agés the following stages: a) determining a

standagyl or asetdge lengtht@htne dadistaribat [tlihemalen therfreaidvidrgts L,

and a djstance between the set. pf rear wheels an e e
the froﬁ axelsaer?d ee%%? ngrs aé?elt@%tggti\lége? 5(%%2%;‘9 g)gb,le_? h@ﬁ"ee%lue of
width afttbegtiatotdhibatesaicete dtavingmateateouticthendifdlic doBdsaqgiality of

02; c)setthe len (yw é he slah so that it is smaller than said length L; d)
set the thic %Seésg % ﬁ)? éslcgi)%t%?a value E given by the value of 15strength

of the @ncreterbpaeghetdaseount the traffic loads, quality of
f) pour concrete in situ so as to
f1)  form at least one parallelepiped slab having said width and length
of the slab, or
2) form a parallelepiped section and subsequently cut said section to
form a plurality of slabs, each slab having a width not larger than said
smallest of D1 and D2 and a length not larger than L.

2. A method according to claim 1, characterized in that the slab is

made to have a width larger than 0.50 meters.

3. A method according to claim 2, characterized in that the slab is

made to have a width larger than 0.70 m.

4. A method according to claim any of claims 1-3, characterized in

that slab is made to have a length larger than 0.50 meters.
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the base and type of soil; e) prepare the base; pour concrete in situ so as
to f1) form at least one parallelepiped slab having said width and length

200f the slab, or f2) form a parallelepiped section and subsequently cut MCSLLP

said section to form a plurality of slabs, each slab having a width not
larger than said smallest of D1 and D24gnd a length not larger than L.
252.A method according to claim 1, characterized in that the slab is made

to haveg.a widthiesgesdhastOrathg edessy3of cratned agCordrg-tertiai? that in
characterized in that the slab is made to have a width larger than 0.70 m.
GSRRAASEP 1 SeloRSTMBEE SOLAG AN e O the tane.
characterized in that in width of the slab is selected to be not larger than

half the width of the lane. 6. A method. according to any of claims 1-5,
charadiorized VTR BSAHNG hEot G AR A58 o5 W AHEAGEAn that the
whath bfthensitdyds seledtedl ieetizonaiderydinpda drysofeltemns 1-6,
characterized in that L is not larger than 3.0 meters. 108.A method

according to any of claims 1-7, characterized in that with the dimensions
Dx, L &nd E, Aheethba sciter dimaiesirnf SflcEich®2;6, desigictaiadapisthat L is

r%eﬁeFat? basg(:?on &a%rgormance measured in test sections. 9.A

ﬁc%? agggr ing to r[iy‘of claims 1-8, characterized in that in 15step f),

step f2) is performed. 10. A method, according to any of claims 1-8,
charagjerized,in that in, step f), step.fl1) is pegformed. 2031.A method .
coording to AANE A of CtiThaCts 2 RA SRR et Totatechdn thet
wiititithef thimelederss ot dseamsio Ehavimenee Dixose thears ovadi eghesf] Dricaed D2, a

et.of wheels of sai 0 r tr c{ ill be touchi nd .
I RSP T U BRI MR 88 spcions.
pavement in respect to pavements with traditional bigger slabs.

9. A method, according to any of claims 1-8, characterized in that in

step f), step f2) is performed.

10. A method, according to any of claims 1-8, characterized in that in

step f), step f1) is performed.

11. A method according to claim any of claims 1-10, characterized in
that the length and width of the slabs are chosen so that never more than one
wheel or one set of wheels of said standard or average truck will be touching
and supported over one slab, so as to produce a change in the loading of the

pavement in respect to pavements with traditional bigger slabs.



