; e3egd$. 6>TFM WD 200A005635 PCT/ N020031 000239 DENTTCUNATI ON OF CONCRETE
JO NTS The present invention relates to a nethod of denticul ati on of
bri dge-box. in concrete joints. Background of the invention s. Concrete
joints normally represent a zone of weakness in terns of nonolithic precast .
concrete. -We2040ae35pal obj ect of denticulation is topcggige®sidessdegr ee and
effect of such zones of weakness. Concrete joints will represent a section
of reduced tensile strength since the bond strength in the io contact
surface is normally | owpentrhewraddrent egstbodve ddiref the concrete: The
tensile strength of the joint filler will be simlar to the bond strength
for planar contact surfaces. A significant reduction in the proportion of
contact surf&c®refeat plerrntioscrébateass tat manatbodyofernt tenIdkdat i on.
Furt her nor ey blﬂedggtgéxag@@oggrg@@z%tnt%qrface is considerably greater than
the area of a planar section. The degree of tensile strength weakening can
t.hereby be reduced. Denticulation of concrete joints in bridge
const r uct i Faskgiornd cohcihet driventrosmal |y carried out in Norway in
accordance with Norwegi an Standard NS3473 (Process code -2, Standard
beskri vel se, for Qr uer, kai er ("Standard Description for Bridges and
Pi ers"),” StaLEAS T edvEleh POIRAHDH OIERTESeDb6R. 2one jof yapkpess ¥y i nportant |
-for verti darmgonEreemo}idiitspzacadin donereatl sTid grahangell aisyydd ever under -
a normal | e&dashi Y&kl ok oM;th i L f rete jqoint near '
A8l M honMikNid %%}ngﬁegﬁégi(eg r!andh%fgggg iQ sdN

the top of _the bo§ wal | s and_w lag: ar _strain conditions’in the

m dsect i on Z8PeFhRT WET e Sth o FoRERti®H cdrkek¥ihi rapLeseRtl 2 ys4@tiaw t he

concrete j ofnrednond ttmsidet opratoyith sdaceothe Gfdrdue rényth Ve tirgal |y too

far intQ {benshedr sairdidied abAfa1RHLHE0MALL Vuldilnas ] dosang, fig] | Ow the
of primary tensron.

normal |ine Oght he di agonal  direction [ 0‘5% 51 C . i$°9's" achi eved

if the tenSEl &St FUNGH S Ihehkensils strgngrbosbdte 1pETt NGPUGY 000239 2

concrete. | Bithl be sitilsimgnbf tharkdnd lstwengthafod mpl=herr esitfdt t he concrete.

There will sBecdcaossi Midnli¥sphnt NOARYEbAPIENnOladpllEf6) shear fracture
0 n

with slidi ngngetween he gontact surfaces, s t e exte at he cracks
nevert hel eSEPFBFY W THES &Pt R 2 SREE &R ol Pt t@dnernPy demasw t h
si gni figanflathear Fwridicomerespded dldtyli hreheot amtale surfeeesigare snooth,

but al so b@bﬂggﬁbf%h t flaces . C p . Who W dt h
exceeds thg%trafg?hgfss g%%?iﬁgfs%%g% %ﬁ% (tgflpéeaqc"'lc%n.%%f g%?%lc I%J're tfoes not
n

normal ly o SIS Ee At e e ME2kBRERY €3N dherabY eIt speci al

weakness zomdacedhe primary purpose of the denticulation is therefore to
ensure that the concrete joint has sufficient shear capacity under fracture .
limt condition even thouygh.a crack has a ,occurred in the joint filler. The -
final shea e‘&gjp%@rat :

s OfaFPRCiftE PPinEpehadrtidae crashagRttante off the
conpr eg®i vEORTYRES dshatormel 3y armitdied] ount ifii Ndmeraysiinubhéasenissdy Wi th the

shear for cqiiheoslRlisubabh@lkind34985 YpFolddl AL LB1 thalnldding will
|l ead to a Bég\ﬂgj_‘p%ce?m H% ghlch intuyrn zg actlvates t € reinforcenment and
appl i es présstire’ T AL BFNET 99 [RErerTReSEanfand Pers iptirn tiPhe dependent
upon ‘the rBridgse adkeFierstbntdtetieati vagvdsen natasivaby Geptivef.
denticul ati-on i s dependent upon the size of crack one nust anticipate
in.the fra iJu.t _conditjon. .
E{LE§EAA£ElCGiar vy important for vertical concrete joints

25 . .in the walls of balanced cantilever under a normal load

situation, with tension normally on the concrete joint near

the top of the box walls and with normal shear strain

conditions in the midsection of the walls, that tension

cracks which normally follow the concrete joint from the
30 top down, do not continue down vertically too far into the

shear-strained area, but gradually turn agside and follow

the normal line of the diagonal direction of primary

tension. This.is achieved if the tensile strength of the




zs The cooperation wth reinforcenent for the transfer of . shear forces is
of | esser consequence in-areas wth considerable stress pressure,. and the
denticul ation or roughness of the surface will not be so critical, assum ng
that the contact surfaces are not polluted and are filled with full 30,

contact. TR Rbdd#Biy Purpose of the denticulation is 5 by to
ensure that the shear strains are thorpughly distri butpgamgg?%}sa@E?he hei ght

of the construction in order that a m sfortunate concentration of shear

strains in éclﬁ"crta@\é’ei?%{i?ai% | _ta)ozg%%%di? 0041 005635 Pﬁ%go 003/ 000239

3 The current stand specities B o VPR g s EPy F5conponent s,
a 48 x 98 A HPEnKONF¥HEDevel | ed sides and a centre distance of 0.2 mas a
denticulation nould in concrete joints. This provides a denticul ation depth

of 48 s mm net cutoff.are the base of the concrete teeth
equal to 9&?‘%%8%%80}0 !ofa t?ﬁgségﬁ;?’g’fe&a%t@ﬁ gf“’? PRend; of of nE25$FY he i nal
const ruct i Gear| frageurentitdubiidong i=twede tbersdiactasnofieced han t he

thi ckness afo the eRPSKENEANhAr ERAckD RRLEAL LCYLAt L Of Nei ng
visible io fromthe ‘gurf ac he rcel ative ar e%éﬁlﬁgghsg%&%ﬁ ess than

] t 3 [ ] ]
50%) Use SF-wooHeh® ? AT gPRoHt A Pife bRt FHAR4Lr8At wPRPAh the cast
limts is riehgippel §spebiclldy Afetise vaondibadesupfasdes agk theotppropri at e

di mensi ons pishibe E@M@érﬁ%ﬁéhi Sokidtle Hui2acadi AP Aasgribstparallel to

each otherwgafor rk foundation wth correct distance between the
pl anks. Th¥'S®6r KL (SHEECEr FRer JtHINgSSuPEt BRS s acher THYS s ti ne,
and | eads t©of drpotund dusigpiongsommal hawshest. i ordfiifircedstongrette gr eat deal

of suppl enghatyu¥eiéns Bano.nd sﬁ@cﬂﬂnwe%%@%g%&léy wooden splinters that
remain after the planks have been renoved. This is done in situ often at

great height in bridge constructions where securing is necessary. The
difficult Zhe poinernlduwwpssekofi thmtdeartizslahborfior eéhkeeafdsrs otd he danger

that the. deshreUtRit QhaMdohcRBte bfoﬁlte%ﬁgdsﬁﬂ%{é%ﬁntshgaweéé'a—l n many
h as edl hanmer , vﬁnch makes it

cases, the plank, .nust be knocked out wit e
di fficult t"gt&’oﬁl‘é%f RS RS, b Gandiirien e R b pheraredER
i nvent i1ldn PECPEBed dEn dhe Joinbt Ablehalthebfindbsstideer abpueity shglvant ages.

 Prior Arpaftiehlirby Qlddebtbhl! 68 LA PRINGEN MO LASESELN OnS where

the profile,is used to give a, finjshing {reatnent to (

PCT/ |\|02003f666§§9€‘21a% a]‘gis'm?’“i Efl‘ﬁli:’ﬁ:‘t’ﬁs%& LAY GBI EPPERE0L Y ¥t texanpl e by

i nj ecting &heeshemsifarasasFhei dent Itwptidownil Lonsturecthat amy hod where a

concrete COAStiACs DNy GA3L Pbad & WNdeLskdsafiy Niaher £onalste.

construction, . . .
20 activates the reinforcement and applies pressure to the

- joint filler. The capacity is found to be dependent upon

-the relative area of denticulation. The necessary depth of

denticulation is dependent upon the size of crack one must

anticipate in the fracture limit condition.

s The cooperation with reinforcement for the transfer of .
shear forces is of lesser conseguence in areas with consi-
- ‘derable stress pressure, .and the denticulation or roughness
.of the surface will not be so critical, assuming that the
contact surfaces are not polluted and are filled with full
30 contact. The primary purpose  of the denticulation is’
thereby to ensure that'the shear strains are thoroughly
distributed across the height of the construction in order ST
that a misfortunate concentration of shear strains in the
lower areas ls avoided.




S A studded plate or sheet for establishing a grip to and a seal between
concrete conponents is disclosed in DE 132 2653977. The purpose of the
invention is that the plate should be anchored to the first cast section
and constitute a seal in the concrete joint. io Use of a |locating profile.
of cel | ul aw@tmstosezsequi pped with a groove to | ocate FpaRiBHaRE NI
product into a casting joint has been gisclosed in Norwegi an-NO B1 301243.
The profile |eaves behind a channel -shaped groove in the concrete that

! 3
Orms a Si NEHed dﬁg@&ﬁﬁ%@éﬁ&&}:%ﬁ@oi@%é‘%t‘ Eaﬁ&%‘%% %gaé is to locate

const r uct eq? T ourgose of rofile accord Rg

a wat er pr oo FPBEBRE Y R & 48cEnet die flomk vikBaberrliled abde%ference is
made to.stranyehceatral dlsiomscenbifcd. 3uggasta thatidhl st idanibald airi on nmay be
sui tably englyedel 90191;@'149% gee%&égcta;]%g%m HILLESWeBen! G A0 d

denticul ati on nust ,necessar Ifée concrete joint to
provi de & W4 AR minlimpy l%Lei'vé'-'rutti"éél ARRF @é?t ithe PAsa oklthe vrecwei@mdvant ages
of the aboveeetdl etjzahstar #8428t ~n60% of HHeWopEo¥tEeaddie oFeghe Necessary to
cope with t S S;:ZS C I I, C tructjions such.as in a
bridge, or c7ts%tt|§ ;i}hgu%lﬁe%ﬂti@?%"nu P {)%#s}d(‘%l%% E§ f de%t v a%% Ohetric
properties s medgusPReavhak ft%@“’&ﬁp\'—h%tﬁl’@n thBﬁk@Q‘}S%ieﬂsfc ﬁilhpt pom- of the

i nventi on Usetef ia stdédeth mrﬁventn’éﬁ@%rﬁﬁc&lwﬂﬂﬁrbél kikow1d he ' so

for mat i gn ﬁr%m%mc@@ 'eﬁ”}sﬂ{' A0S ROX b 31 PLORSS ﬁngﬁ%"ct??sem y

i ntention providin er an
sol ution. thap 2884) 005635 PCT/ N02003I 000239 5 The present invention thus
.relates to a method of denticulation of a concrete cast joint between a

first and YPREGeNPo5ash ?f;énﬁ]‘!so'}oghﬁ% %I‘I %gg By,.ihe. 156 of %@%studded pl at e "

at the formaork term nati o] Fast SERHIOH S 2nd"That" t he
st udded pl aftb@ PéSFhéhmPé?roKRe(feBéFéV%lx H@bsveléoﬁatgé%wenn Wogdeast . The

invention rdlsakssopathé Capmrdpribee delitdrGiloaki 8as0f by @fdvegakacast joints in
| arge constglict bﬁ@és SRLR A% %%e%%%étﬁﬁa’éaﬁ‘éﬁ' gv\gg 3: St n?%of bal anced

cantilever.”i0 The Lnvention re use o t? or plate
with prot r FEFBHETE of Ovpdateean ha@?w%mmancewww li}ilf‘—on is sinpler

and nor.e warllepkaceTkbyi varkrenistl beecddni ddhaatt hecuserafy phanks, and al so
ensures th (a2 0 a ugi_ent ul ati ons_((NS3473). as
The pr esentacthlenve?{tll‘ggké'lguéj?lﬁ%fusr‘]:l n%v%%%%érre%soa% rrle%u |c§%[];f?a]tngﬁagn ound its way
into the cU@¥&HFtrequl ations, nanely that bevel | ed pl anks of a given

di mensi on nust be used. Fol | owi ng accurate testing and cal cul ati ons, the

Nor wegi an aifRer b£%€§%?f JG%e@ﬁzeaanvo% %ﬁ’g’t@lgﬁ)“g%ﬂ:gﬁﬁ L hd gy, fave now 2o

approved the use 0 entic i'ng projects.
Sunmmary of He ppaﬁ?%%atlons of wooden splinters that remain after

the planks have been removed. This is done in situ often at
great height in bridge constructions where securing is
necessary. The difficult and vulnerable work situation

25 therefore leads to the danger that the denticulation will
not be cleaned sufficiently well. In many cases, the plank
must be knocked out with a sledge hammer, which makes it
difficult to collect the waste.

It is thus a purpose of thé present invention to provide a
-30 method that obviates the abovg~disadvantages.

Prior Art

A joint profile/filler profile between two cast sections
where the profile is used to give a finishing treatment to




Figure 1 shows a section of an enbodi nent of a studded plate used in the
nmet hod according to the invention. zs Figure 2 shows a top view of the
studded plate shown in figure 1. Figure 3 shows a perspective view of the
studded plate depicted in figure 1 and 2. Figure 4 shows a section through

a studded P an so enphasi zed possi bl e of fcut i
2004100563@%58%]%@803/ 000239 6 Figure,5 shows a top ﬁ%’ﬁ&?“@@g’%tudded
plate with a shaded possible offcut area. Figure 6 shovvs a graph of shear *
capacity of_t a ac ord g ex |l e s Defailed

desori pti on tn%eiltsa\%g% Eromd o Fge% ?%fﬁfe%ocr I%ng WR]T?\/EM ion in greater
detail, thelri}ﬁ%ﬁﬂgoﬁnmﬁﬁpawebeladescm e d*tdap-delvat | amstauaniexanpl e

enbodi ment . méhceY aheabi ancefcidha 88ATRLLY: A% Y8 kagE dpRgEatory experiments ?
out I n the exanple, bothr

with testi sof pncrete io were carrie
with and %Otﬁsﬁ cR&t ﬁﬁl%@ﬂﬁﬁ%%&%wwtéaﬁld studded plate. The
eval uation was carried out by SINTEF and was ai ned at the denti cul ati on

ach! Fuec WA Istdasal pogr0foss 4#ldedepl LG ANRRALETY JHAD £2RRAC, O 1 he

regul ations_fqr d%ntlcu ated Is cast pT esent
i nventi on i¥3oPe f”ﬁﬁf’eﬂo%?/rettl*?ecé%ﬁﬂﬁl'étseﬂlﬁoﬂlﬂﬁﬁé%ed imx BFplL82 embodi ment
Figure | arkb3399Aeowrhhepgemrast pifcthdanevadit idpe ist tiiged-reopphase Pl at on

DE25, if t %dﬂl@eﬂé' Qﬂéhéféc?rtot thhgff‘stglct %q_ SQFIfur g r%‘l \%ﬁég}é\ll)f%;ggl oner

t hr ee- di nensi ong gge Is further  cte
aspect is thé&<a péE‘t ﬁa‘f’c’rf%reﬁleaé@?slmégal nst the f| rst casting section to
provi de the denticul ation zs pattern.

a0 Use of a locating profile of cellular plastic equipped with
a groove to locate a waterproofing product into a casting
joint has been disclosed in Norwegian -NO Bl 301243. The
profile leaves behind a channel-shaped groove in the con-
crete that forms a single denticulation when the next |

15 casting section is constructed.

The purpose of the profile according to NO 307243 is to
locate a waterproofing product into a concrete joint. Mean-
while, no reference is made to strength calculations which
suggest that this denticulation may be suitably employed in
20 bridge constructions. Furthermore, the said denticulation
must necessarily go through the entire concrete joint to
~ provide a seal, i.e., in a vertical direction in a wall.

The -disadvantages of the above solutions are that.none of
them provide the seal necessary to cope with the strains
25 that occur in large constructions such as in a bridge, or
satisfy current regulations. Formwork with special
geometric properties is required for this application.

. Brief description of the invention

Use of a studded plate instead of a wooden plank for the
3 formation of denticulation in the bridge-box is proposed

with the intention of providing a simpler and more work

environment friendly solution. '



WD 2004/ 005635 PCTAHO02003/ 000239 7 Table 1: Geonetry of stud pattern in

Pl at on DE25 (~)Figure 1Centre di stance between studs, system neasurenent55
x B5ALateral edge of studs at the base45 x 45BLateral edge of studs at the
top27 x 27CHei ght (depth) of the stud23D . Small bridges between

st uds: Fi guiey effded: at baselOELength at topl5FWdth q,FT 02003/000239
basel5GW dt h. att opl OHFi gure 1Hei ght 71 5 Negati ve si de" ltNersec I'ng ribs

bet ween studs: Wdth at top rib (valley bottom) 10 Bidth at base rib 2g :
Hei ght (as Sididsestdc Capaidoh ehudepli alAtedal bt agoaedlng, 1o NS3473
e

The shear f]grce capaci t%{ e denticu casting joints were cal cul at ed
accordi ng t NP3 et ?%Fﬁtfzc’?sﬁsj?% rﬁ%wﬁ'ﬁp @)fflt%@ apPrapriate
conbi nat i onseca@ahivanit sention Rhneattécidan byodre wid boff i etumccoef ficient

a =1.8. io,a fr
goef fi CI eln?p Ia[&aﬁzhgnfgrm}odgg{leg%gﬁs{%%;-%% Ngﬁ%o%fo%o %E(%(IQT%I nati on one
is appradb a&i)%tfh(‘# Shel Prydiataplate ckg dhass rapprehdpisyedihect pressure or

i ndirect| y dncaat iseatiog ideasei.nforcenent that traverses the joint filler.
The friction coefficient for denticulated joint filler is s calcul ated

sonmewhat hi gher, than for rough surfaces (p = 1.8 instead of a = 1.5 for
rough-sur f RYREtASE yHeka tegapar htceatliyc tbatdeokiadaEtdprest t he

geomnetri calvenﬂﬁmaaeﬁastsjtaﬁltfsp&ﬁl faege ldbﬁd%%u&&%ﬁ@réﬁchcﬁﬂbbmtl on 2 is A
appropri at g, 419ry B9 $ses on coefficient is the :
sane for rouglh fgg‘régf&%@ %ésgn?%r ce;ﬁ lanﬁe?is EB%H‘& *d&Fably hi gher (1.5 -
ftd for. rough surface) Meanwhi |l e tad for a denticul ated surface shoul d
not be st it ddiveataon avefage tRESLES din 22 s5868:0 ple0dghpides entire

denti cul at i g 1 ALSRL ANl o0 R CSHEBe & culation formwork. Thigs solu-
. tion is simpler and more workplace environment friendly
. ﬁhan the use of planks, and also ensures that the denticu-
lation satisfies current regulations (NS3473).

15 The present invention has thus overcome a prejudice that
has found its way into the current regulatiens, namely that
bevelled planks of a given dimension must be used. Follow- |
ing accurate testing and calculations, the Norwegian autho-
rities of the area have been convinced and they have now

20 approved the use of this type of denticulation in building

projects.

- Summary of the figures

Figure 1 shows a section of an embodiment of a studded
plate used in the method according to the invention.

25 Figure 2 shows a top view of the studded plate shown in
- figure 1.

. Figure 3 shows a perspective view of the studded plate
depicted in figure 1 and 2.

Figure 4 shows a section through a studded plate with an
30 emphasized possible offcut area.




is act on an area corresponding to the mnimum net cutoff area at the base
of the denticulation. There will only be two rel evant cutoff areas in
normal denticul ati on, one tangent plane on either side of the
denticulation. In normal situations where the denticulation i.s symetri cal
and has zo edges, the net area through the “bhase" on both sides
w il be som@{/&“gﬁsgater t han 50% of tEe gr oss cross FEITON 300

denticul ation al so provides a noderate®”inc-rease in this conbination,
conpared to_rough surface. Evaluation of denticulation geonetry for joint
filler 2s n%h%‘ged iORYE AtTHP BESY efoRbe r3tulded) alake of1tS3. 473 The

denti cul at | shaddrhtpdssibbe adhxditwiatreat he Pl aton plate has two entirely
different sides. The construction part of nonolithic coherence with
concrete in_the main_studs is so referred to hereafter as the positive
side. The nEYRMFS & ShA¥snaULaphe@fi vhrantcannwdityt bf ctivohesénseamit h t he A
vol une bet weecotdisgsttodshe ex3MRpA@@4/ 005635 9 PCT/ N02003/ 000239 The dept h of
the main studs and correspondi ng "backs" between the main studs is 23 mm -
and satisfies the requirement that he depth of the denticulation nust be at
| east 10° nmmPeielagh sercsirtine ofathe” bnvenfdion bet ween the s studs is 7 mm
The main studs have.a depth of 23 mmand |ength at the base of 45 mm i.e.,

twi ce the t S LT bet ween. t he studs have a length of 55-27 ="
28 mm . e?ﬁpc(g:de}.r %gt ﬁ%ésﬁt eegg'eepflﬂvef PRITREREFT et@id - dBRBI cul at ed :

with io thelRfRINion Wil debredeschibed uds rellatian te wstkxaapdd from

Fi gure 5 t haibddienehiti. dBE SeraAR +a oW Qifhtﬁé'%bﬁxelﬂé Ca®fudd T Theddi st z7ance
i mensi oned to 7 mm

bet ween th | en 5-15 =.4 .The de 'S

i.e., al e%gt%éc#étﬁt% e %’f’?f‘c?ﬁljtgf W&B’%?@]ﬁ%’:“ﬂ S1gtuRer ¢ fPPCERERt that the
i s dent FoulMRTDIFSHAPH Pigh Imafbeackanpid, ihothheithraed iwitholitt he force
greater harnas?: tjﬁg&s. hb&ndiﬂﬁitehl by therei i ereatibaf padte .T'iﬁga,@%??gr
inclinatio S . O e.s iven as; ., zo Horizonta

proj ect i onrhi%l&?t - 573:?%?1:&% Or%% bﬁegg‘ﬁﬁﬁséwsmw%d Gt ithel ARBE{on:

at an( 23/ 9)- S atdeno aghjevedsgishebhiFheyrs rfe sthdded pliateneespebat t he .
denticul at idishdlkh BegaxdRet ithet g AW F88Salh@BQ¢Wigt h- the direction
of t-he j.0i j : isfied,.zs OOfcut area Figure 4 shows by )

hi ghl i g*hste ﬂélt:%? ?%éﬁg%rﬁ? lr%]%%ugééar ' plane that was used as a basis for
t he cal cul ati ons below, and figure 5 shows shaded three possible cutoff

areas w thiThd peepbatenhySliel UBi hot limited by the example embodi-
“ment.

Example embodiment

Figure 1 and 2 show the geometric shape of the studded
200 plate Platon DE25, if the dimensions refer to those cited
in Table 1 below.

The three-dimensional shape is further depicted in figure 3
~where the lower aspect is the aspect that is placed against

. the first casting section to provide the denticulation
25 pattern. '




so Systemunit area: 55 x 55 = 3025 nm WO 2004/ 005G35 PCT/ N020031000239
10 Positive side (base): Area of main stud at the base: 45 x 45" - 2025 mm?
Area of bridges 4 half = 2 whole: 2 x 10 x 15 = 300 nmz Sum = 2325 mm2 s
The cutoff area in percent of the gross section surface: 2325/3025 = 76%
Negat i ve siygb4ddeeis:. Transverse section in hei ght of PFQ&{)E@QN@%f ace of
studs: Cutoff area in percent of the 0SS section surtface: 10

(3025-27x27) 3025 = 76s Conbi ned shear plane with force direction in one of
the two pri W% gi.rections (Kombi): Negative side: Cutoff of transverse rib
at the same height as the top of the studs ahd rel ease of |ongitudinal ribs
by is .cutting off transverse rib in the shear plane.in extension of the
studs si de Gaufer@gSof nstiuie plitteehi 0n Pfatfoar 6825 Positive side: Cutting of f
bri dges hetween studs under a longitudinal rib. Between stud peaks: 2

~— ooz RS-A—oh—si-de~sufaces 2. lrapeziaarticles:

(2>2<22(22/85?LQ)_/ 2 - 912 Sum = 1668 WO 20041005635 R@am) NO20Fe90239 11 Two
hal f bri dgaSentre distance between studs, system measurement ~ 55%55 A

Lateral edge of studs at the base : 45x 45 B

Lateral edge of studs at the top ‘ 27x27 C

Height (depth) of the stud 23 D

Small bridges between siuds: Figure 2

Length at base 10 B

Length at top . 15 F

Width at base 15 G

Width at top 10 H .

» . Figure 1

Height _ 7 R |

“Negative side”

Intersecting ribs between studs:

Width at top rib (valley bottom) oo 10 -

Bidth at base rib 28 -

Height (as studs) 23 -

Capacity of denticulated filler according to NS3473

5 The shear force capacity of the denticulated casting joints
were calculated according to NS3473 section 12.7 as the
minimal of two appropriate combinations:

Combination 1: Pure friction model with friction
coefficient p = 1.8.

10 Combination 2: Intercept Teq = 1.5 fig4 + friction with
coefficient p = 0.8.




Base and sides 15 x 10 + 2 x 7(15+10)/2 - 325 Sum = 1993 Cutoff area in
percent of gross shear section: s Area excluding "bridges" 1668/ 3025= 55~
Area including "bridges" |1993/3025= 66% Eval uati on -The. geonetry of the
prinmary denticulation satisfies the requirements of N53473. The hei ght of

the smal |l Lod DhDRsds® bridges between the studs is SO"&?E@&)}&%OL@ t han t he |

formal requi remenf according to the standard (7 mmve equired 10 nm,
but satisfy the requirenment that the height shall be greater than 8 tines
t he di stanc é‘?t’ en them, is .The two primary_ shear planes both have a

f avour abl y é?%t‘?% g QBPB’F’P‘?:B&te 'IfﬁFsSi“%lJF RABTRLFETeDFeS he shear
capaci ty, m&tabélahe@ $avbivrest] préssutdiert énditectdty eygubibiatihey filler

since the anga r@@flfb:p&r&é}ﬂ;t %@%ts%g ésntlﬁe #%%&&i&naﬁ limted to

240. The co surf?ff In the zo er nor é nost double so |
big as a mf;;.}g 8Bt F9 J&Rﬁhft’ﬁed??‘}llc‘élrlat?ﬁel?ﬁﬂﬁ fiflfEt i8hear plane area
was f-oursd fcm(Ldulletedndmnmd';amhdltyﬁearmmGﬁmoseﬁlglofsdz’ffacﬂban@ Par.@ l el cast

joint and thengl ks Pl‘a%ﬁh%n%gl Q%ﬁ r%enjf%gg% UQ{ Hn%s i i3 Zttsi}? relative

area, dependent UE ether cuto oss ges un

| ongi t udi néleqiﬁlse atton A& stAes e cinvmesiriaat | re@we@eutan@s 553, -
respect i velspecilieeéf fiectheofstiah@ardbri dges i s dependent upon how big a crack -
span one should take into account in the fracture limt condition. In so :
t horoughly reinforced constructions, the crack span will not exceed about 2 .
mm as Long GEbifatier M o @ppRePTatptforphadher grimiadasticgsee®n with good
r ei nf or nenente fdnn'enon d@ﬁ&@:&éﬁﬁ%@&ﬂ%ﬂéhﬁt@29&3/%%3%11%&@43@}13

Denti cul atlhgﬂ: lg@élg%p mnl\g con rr%&adl E~8#|?n| Hic?r]:l RAar ! of its

capacity at suc a crac af> “The conbi ne “orﬂy possi bl e
when the sHEXEH SRERRFR) oticertBile ntontonfa t@ﬁ’-@téﬂ%ﬁfiﬁfht@riaﬁiﬁo main s
directions qtm:akil Bbt tlee tdrrimahedbes vaeravblﬂegettl&&m?urlhhar BB&Eion

dent i cul al ixa ofinaif Ao Skl BLALG A58, 0901 4l advaniage Lhat it

provi des ef ctlve dentic tron dlrectlons to a ;
t r adi tﬂénalacﬁniof’o?% ##%ﬁoraéﬁppemlw |wthm1%mmts§géofﬁaereat woul d be :
f avour abl e dto the basend@tithe Hensioil £l i STABEE W 11€ Ghnil gnbat tRo 45 angle

with the maig arogitect] t i u ny ractical in
Hinhe TRNCIARR eI O U:As PHnd il WRHLECRIANAR Y a8 LIRGAN
plane on either side of the denticulation. In normal

situations where the denticulation is symmetrical and has
20 bevelled edges, the net area through the “base” on both
sides will be somewhat greater than 50% of the gross-cross
- section. Thus denticulation also provides a moderate
increase in this combination, compared to rough surface.

Evaluation of denticulation geometry for joint Ffiller
25 moulded with Platon DE25

Geometrical claims of NS3473

The denticulation that is obtained with the Platon plate
‘has two entirely different sides. The construction part of
monolithic coherence with concrete in the main studs is

30 - referred to hereafter as the positive side. The negative
side has an equivalent monolithic coherence with the volume
between the studs.




An overall evaluation of the geonetry of the studded plate denticul ation
with regards the requirenents of NS 3473 and is sinple general nodels for
the effect in reinforced concrete constructions resulted in the prinmary
conclusion that it wll provide a favourabl e denticul ation that should be
able to se stensile strength and shear transf ance with
NS3473 wi tﬁwggﬂsogﬁe&gg net shear area at _l;east zo equal ﬁcfgﬁbzo@&ﬁ&éﬁ?e 6 shows
an exanpl e of shear capacity of cast fillers in accordance with NS 2473 for

concrete pr r ftd = 2.0/1.°4 a ,and intercept
i n conbi nat ?gﬁ ‘%é(p%{ ac?tgéf }f“aln it% R C(;\af‘l‘:eesl?ﬁﬁéi?ngl ﬁl? Kor the tensile
zs strength bgEvesnithe meirsstede 3 23, mm| ant mattiiedligsOtBe fca. if the
conpr essi versiusandrt tﬂﬂ;@tf hé| @pilS ofUend Q:lcﬁi&%'lﬁh@ﬁ%?é‘lf Be 4ESting It is -
assuned thagL % ]ﬁﬁ“ﬁf{ &rrpoggg suc %H there so 1s a sufficient
amount of  nor it 1 morigeaeh %?t"fer?é‘f tb, are

ef fectivel ys'é%f%f’t is 7 \m 2D04I 005635 PCT/ N02003/ 000239 13 Pressure testing
of cubes with the. casting joint parallel to the direction of pressure did
not show an% reductl I’ldl n,ca aCI(ﬁ%Pé%? ared to nmonobl oc cubes. Indeed this
was not to be expect dl Si PREP R Sham aadr aPRIER athdbgebapeal s

pl ane through thempasit- g-0i hvics tHwedepthcdttanseguat tibg @etwekh Woul d be

difficult fexeastuerd uﬁ% apibd Er?dfﬁﬁsiﬁt—% %h 1CQNpressi,ve stress in
such a short.,test ress exper.i nent S carrl ed ouf by testing

endi n
cubes with GENH |08 %ﬁ& arg%‘?l%’e‘?%’rf’acnr’r% ad§p FEPELCRIR e WHEDS or m of
st eel bats. thiesnahie briiggesrisetwmtinc he dsturi. t[hechﬁnbele&stﬁmraeagth of the

ste . . Ll fill )
iller is geseh StiRfrd Berhractnly %ﬂl:igeQOE Jeofa %‘é’dﬁ:ﬂe ’gdﬂ%e se eggen!tl : gr

Concl usi on sed eonetric eval Gation Q
cul ation i nPge%'t %n&’? fig fQ'ﬁ%c‘? fhesnehiem ot lNsies laﬁd5%‘rjn£r=e43ener al
nmodel s for s Bff Gi@@thnlsedm@m:@dedotmr'bm,cdnetruatlél{ﬁh/dbpmas

concl uded ! Aalativd, dentogy! ats.0n N13s fud Beiahent! LG 1 the tensil e
trength ofdé hce fil Iter a%ﬁlié he shear Torce cap aC|t of cast joints
moul ded*%o ¢ BE4L8nS Fahage Tatndthy é& EE%oﬁi’dWiﬁ:lPé Pfe

regul at i onstlilﬁh m73rﬁétedetﬂarcm atees sthd alepshwils htlserwiordent i cul ation
area equal $f&i6FisRf the gross section area. The shape of the
denticul ation and case joint capacity were eval uated agai nst the
reqw rerrents of NS34'73 and it was.

: The angle of inclination of the sides of the studs is given

-as: .
20 Horizontal projection: (45 - 27)/2 = 9 mm, height: 23 mm.

'Anglerof inclination: atan{23/9) = atan(2.55) = 68° > 60°.
Therefore the requirement that the denticulation shall not

constitute an angle less than 60° with. the direction of the
joint is also satisfied.

25 Offcut area

Figure 4 shows by highlighted lines the combined shear

- plane that was used as a basis for the calculations below,
and figure 5 shows shaded three possible cutoff arcas

.. within the plates system unit.

30 System unit area: 55 x 55 = 3025 mm




is found that the requirenents of the standard are satisfied. It is
recommended that when used, the plate is arranged in entire stud rows
symmetrically between the reinforcenent |ayers in the bridge-box.

Al ternative enbodi nents 30 The studded plate nay have a different geonetric
design in an alternative enbodi ment. The inportant factor,is that the

resul ting QENPUWEPed joint satisfies the rel evant - RAONBYIIHEEG3s5
PCTIN02003/000239 14 requirenments pertaining to the joint and/or satisfies
the load that the joint is subjected to. Thus it is apparent fromthe above
cal cul at i on§oThet" ﬁgf%ddgﬂsﬁfate such as DE25 without bridges between the

s studs will nanage to satlsfy such requirenents. The studded pl ate may for
exanpl e -havgrgy @tl=8 ndissl,ange et t he Spd.n the ef 20-250 nm
and a stud hei ght |ﬁ'nhe range o g@gg g%r?hé#nnre I'Stance :

bet ween the base of the stud side walls may be in the range of 0-150 io nm
The st uddedapdatees addeepr éf Banbly 2awveend 1 e2dicst@ncasi 8 t hgo nasfge of 45-58
mm a stud height in the range of 20-26 nm and a di stancé between t he base
of the stud side walls in the range of 5-12 nm The positioning of the
studs in relation to each other can form di fE®rent patte?3dd h as is for
exanpl e square di anond design, or polygonal designs such as hexagonal, or

al so ot her gqg&r desi gns. The shape of the studs can be
of anot hgr %pe sOI g%%%o“‘g% 4e%%r°$o I REFHDTR THE2SEddded pl ates
may have 20 studs where the inclining angle of the stud sidewall is greater
or | ess tharm®).30B%e=dgsegn of the studded plate can take any design so

long as it satisfies any requirenents for the joint where it is to be used
and/or leads to the joint tolerating the load it 2s will be subjected to.

I n one enbo¥fddiiveorsigdest(daBl” pl ate without bridges, an optional channel
between two rows of studs can be used to hold a hose, optionally a i

f ted t f t t h that -
¢ ommi ne ey erey et BE  heABHt 18 e Fon shBkaSSion S8 ommved as o

menbrane. The hose may optionally be used to inject a fllllng material into

the joint. Cutd/f® 204/ RASH8bcEHET bROZREGAUR I ctIochNs@ddfaer al ternative
enbodi nent, the plate nay be made of a material that is resistant to

def or mat i on durlng use, is easy to clean and which may be used again
several i nes. Zﬁﬁgﬂéa7b$0% & 7A%¥ention can |ikew se be used for pre s
fabricating sections which are fitted together on site, or which are cast

on site. Thisuielal 5enal pODhY f:0,CONSLLUSL Lo component s f gr, bri dges, but

al so to ot her areas suc S 1 n tunnels,; 8r ot her
const ruct i FFIEFHRY0 FERESTLBRS effambtio i n bU|Id|ngs such as malls,

Negative side: Cutoff of transverse rib at the same height
as the top of the studs and release of longitudinal ribs by

15 .cutting off transverse rib in the shear plane .in extension
of the studs side surfaces in the direction of force.
‘Positive side: Cutting off bridges between studs under a
longitudinal rib.

Between stud peaks: 2 (28x27/2) : = 756

20 Extension of side surfaces:
.2 trapezia articles: 2x24{28+10)/2 = 912
- Sum = 1668




o structural floors above ground, roof constructions etc.. WO

2U04/ 005635 16 PCT/ N02003J000239 Pat ant clai msi. A nethod of
denticulation of a concrete joint between a first and a second cast
section, characterised by that a studded plate is used s . at the formwrk

cl ose of t%{ob&@gﬁgast section, and that the studdedgeiigbgq’oggﬁ%gﬂbsequentIy

renoved before the second section is %§§t' 2 _ A netho to claim
1, io characterised by that the studded plate has a Centre di stance between

t he studs i I f.20250 nm preferably 45-58 nm the height of the
studs is irf?ﬁgﬁ¥éﬁ3%§8§eﬁzso mm preferably 20-26 mm and the di stance

bet ween t hePafs &ng¥ SiRessifick sidde @ak| B(1%+103 /2n the range of 395150 mm ;
preferably 5-12 mm 3. A nethod according to claimilgar 2, cggggcterised by
that the studded plate has studs where the stud side wall inclination angle
IS zo greater thaw 60. 4. A nethod according to one of the clains 1-3,
char act eri Se-HHf Bae Lhepetasitdedfpbates heteahy sdgesoror backs between the

studs. 2s Srch ERlodiagCuddyasto one of (NeLAhuE dsd. characterised by

that the studded pl.ate has a shape equivalent 1o a Pl 3

plate. so #G%Alﬁgtlﬁgﬂingcc%‘?]&%ﬁﬁ to one of 1}B/A08PAs64% 4, characterised by -

that the studded pl ate has .
Evalvation

The. geometry of the primary denticulation satisfies the
‘ requirements of NS3473. The height of the small joining
10 bridges between the studs is somewhat smaller than the
. formal requirement according to the standard {7 mm versus
required 10 mm), but satisfy the requirement that the
height shall be greater than 8 times the distance between
. them.

15 - The two primary shear planes both have a favourably large
relative area of 76%. This is favourable for the shear
capacity, but is also favourable for the tensile strength
of the filler since thé area portion contact surface in a
plane section is limited to 24%. The contact surface in the

ze filler is furthermore almost double =zo big as a plane sec-
tion through the filler.

The minimum net shear plane area was found for the combined
cutoff area composed of the plane parallel cast joint and
‘ the Inclining plane along the longitudinal rib. The
25 . relative area, dependent upon whether cutoff of the cross-—
‘bridges under the longitudinal ribs are taken into account
or not, were 66% and 55%, respectively. The effect of the
S ) bridges is dependent upon how big a crack span one should
~ take into account in the fracture limit condition. In .
30 thoroughly reinforced constructions, the crack span will
not exceed about 2 mm as long as the reinfofcement is not
- moved Significantly even with good reinforcement dimen—




WO 2004/ 005635 PCT/ N020031000239 17 studs that are squares pol ygonal or
round. 7. A nethod according to one of the clains 1-4, characterised by
that the studded plate has s studs positioned in relation to each other in

a pattern, such as a square dianond, polygonal pattern such as a hexagon,

or other s nnetrlcaJ or irregular de5|gn o 8. A nmethod according to claim
7, charact ZOXYUPISH, that the pattern is oriented par BFFEP20HIO square to -
the direction of the primary shear. i329. A nethod according to any one of

t he above clains 18,. characterised by that the face of the studded plate
toward t he Siopst Berticdetion ebrpriedgbta7hosenidrl seinbgimfa swel | abl e

rubber thalsighipaEihy gl o201t S QdRGthl B8l E@Pta 88GEKOBhanl0- A Met hod
according to any one of the above clains 19~ characterise y that the
denticulation is done zs on cast joints in bridges, tunnels, or walls for .
bui | di ngs, Thenrsowbinehtaitedfsplan s Andgt hosls Hslxomtiengthe sHeairm 10, ‘
characteri y dept | ad | [ joints in box
wal l's on asf{@,?gg %%Pi*n%éeﬁ%gaﬁﬁ. phg o t%véé’é‘gg‘%ﬁaotﬁsésgag(rﬁ%%\lozoosl 000239 18
12. A rretsho&ilﬁ(?%?‘a‘il?lgpat‘i?]éﬁ;} brethyt wipe hpbyeer |tHienstudparBttdersed by that -
t he denti cwoati odenlsicldietion bytaidrofbyhpr efwdrglcalel Aasod @miEIenents. s

3. The use salvadeabyiddest Rlkabeo@Rad: fe%rf%@wef&gnﬂ%@&%wggtw 19f cast

j oints bet e concrete conmponents such as unnels and in
the walls rSEF% Frgsit FRRETRFE dontdaitaestional n@rléosrar ims@xarly in boxed
wal | s on adbnéécbhit&mmuiﬂme canteén€isrige tHadhitr usRilacber ghvihdtadliel ai m 13,
Fhoae P 3T QP RacElS Qubapth e LR sl n the

range of 20-2S0 prete
he main shear dlrectlon, but this would probably be

'1mpractlcal in terms of standard formats.

An overall evaluation of the geometry of the studded plate

denticulation with regards the requirements of NS 3473 and
15 -simple general models for the effect in reinforced concrete

constructions resulted in the primary conclusion that it

u will provide a favourable denticulation that should be able
to secure good tensile strength and shear transfer in’
accordance with NS3473 with assumed net shear area at least
20 equal to 60%.

Figure 6 shows an example of shear capacity of cast fillers
in accordance with NS 2473 for concrete property class C45,
Si.e., fiq = 2.0/1.4 = 1.43 MPa and intercept in combination
2: 0.6-1.5 fig = 1.29 MPa. The upper limit for the tensile
25  strength according to NS is 0.3 f.i, alternatively 0.5 feq3,
.if the compressive stress in the filler is due to external
pressure. '

Testing
It is assumed that the concrete is composed such that there

30 1is a sufficient amount of mortar that the ribs, of ca. 10
mm width at the top, are effectively cast.




is of the studs is in the range of 5-50 nm preferably 20-26 mm and the
di stance between the base of the stud side walls is in the range of O0-150
nm preferably 5-12 nm and even nore preferably where the studded plate is
a Platon DE25 plate. .A#, .Ae. A#l. AE. A@ AB. A>. A Ayx. A(. A A A A A@ Ae, . A@
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Conclusion

Based on a geometric evaluation of the studded plate denti-
15 culation in relation to the requirements of NS3473 and
simple general models for its effect in reinforced concrete
'.¢Onstructions, it was concluded that the denticulation has
a .favourable effect on the tensile strength of the filler,
and that the shear force capacity of cast joints moulded
20 with Platon DE 25 can be calculated according to the
regulations in NS3473 for denticulated surfaces with a net
~denticulation area equal to 60% of the gross section area.

The shape of the denticulation and case joint capacity were
evaluated against the reguirements of NS3473 ‘and it was '

25 found that the requirements of the standard are satisfied.
It is recommended that when used, the plate is arranged in
entire stud rows symmetrically between the reinforcement
layers in the bridge-box.

Alternative embodiments
30 The studded plate may have a different geometric design in

an alternative embodiment. The important factor is that the
- resulting denticulated joint satisfies the relevant
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9 &équlrements pertaining to the joint and/or satisfies the

load that the joint is subjected to.

Thus it is apparent from the above calculations that a
studded plate such as DE25 without bridges between the

5 studs will manage to satisfy such requirements. The studded
plate may for example have a centre distance between the
studs in the range of 20-250 mm, and a stud height in the
range of 5-50 mm. Furthermore, the distance between the
base of the stud side walls may be in the range of 0-150

10 mm. The studded plates more preferably a centre distance in
the range of 45-58 mm, a stud height in the range of 20-26
mm and a distance between the base of the stud side walls
in the range of 5-12 mm. The positioning of the studs in
‘relation to each other can form different patterns such as

15 for example square diamond design, or polygonal designs
such as hexagonal, or also other symmetrical or irreqular
designs. .

The shaﬁe of the studs can be of another type such as poly-
gonal or round. Furthermore the studded plates may have

- 20 studs where the inclining angle of the stud sidewall is
greater or less than 60°.

The design of the studded plate can take any design so long

as it satisfies any requirements for the joint where it is

to be used and/or leads to the joint tolerating the load it
25  will be subjected to.

In one embodiment of a studded plate without bridges, an
optional channel between two rows of studs can be used to
hold a hose, optionally a perforated hose, which is partly
cast into the first cast section such that it remains in

30 situ in the channel when the studded plate is removed as a
membrane. The hose may optionally be used to 1nject a
fllllng materlal into the joint.
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easy to clean and which may be used again several times.

The method of the invention can likewise be used for pre-
5 Tfabricating sections which are fitted together on site, or
which are cast on site. This relates not oniy to construc-
tion coﬁponents for bridges, but also to other areas such
as in tunnels, walls for dams or tanks, or other construc-
tion components for example in buildings} such as walls,
w0 structural floors above ground, roof coﬁstructions etc..
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Patent clainmns

A method of denticulation of a concrete joint between
a first and a second cast section,

characterised by that a studded plate is used
at the formwork close of the first cast section, and
that the studded plate is subsequently removed before

the second section is cast.

A method according to claim 1,

_characterised by that the studded plate has a

centre distance between the studs in the range of 20~
250 mm, preferably 45~58 mm, the height of the studs
is in the range of 5-50 mm, preferably 20-26 mm, and
the distance between the base of the stud side walls
is in the range of 0-150 mm, preferably 5-12 mm.

A method according to claim 1 or 2,
characterised by that the studded plate has
studs where the stud side wall inclination angle is
greater than 60°,

A method according to one of the claims 1-3,
characterised by that the studded plate has
bridges or backs between the studs.

A method according to one of the claims 1-4,
characterised by that the studded plate has a
shape equivalent to a Platon DE 25 studded plate.

A method according to one of the claims 1-4,
characterised by that the studded plate has
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10. A method according to any one of the above claims 1-
9, . . .
characterised by that the denticulation is done
25 _ on cast joints in bridges, tunnels, or walls for

buildings, dams or ‘containers.

' ' 11, A method according to claim 10,
characterised by that the denticulation is done

2 30 on cast joints in box walls on a free balanced canti-
lever.
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5 13. The use of a studded plate as-a formwork for

denticulation of cast joints between large concrete
- components such as in bridges, tunnels and in the
walls of buildings, dams or containers, and more
‘ particularly in boxed walls on a free balanced
10 cantilever.

. 14. The use according to claim 13, where the studded

- plate has a centre distance between the studs in the

range of 20-250 mm, preferably 45-58 mm, the height
"15 of the studs is in the fange of 5-50 mm, preferably

20-26 mm; and the distance between the base of the
stud side walls is in the range of 0-150 mm,

- .preferably 5-12 mm, and even more preferably where
the studded plate is a Platon DE25 plate.




