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(57) Abstract: Bridges decks or panels for bridge decks made of a metal-plastic-metal sandwich with the plastic bonded to the
metal plates so as to transfer shear forces therebetween. The sandwich plates may be constructed with either a solid plastic core or
a composite core consisting of plastic, metal plates or structural shapes and forms, within or without a frame of girders. Sandwich
plate bridge panels without peripheral metal frames are held together only by the adhesion of the plastic to the metal plates.
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WD 02/ 29160 2 6 MAR 2005 PCT/ GBO /03933 BRI DGE DECK PANELS, FABRI CATI ON
METHODS AND USE The present invention relates to sandw ch Iﬁa Rpg{mgl s and
bri dge dﬁ&t&”l particularly bridge decks for steel frarﬁﬁ %ﬁ#@ orted
brj dges ha |ﬁg ecks formed of panels. D-bridges are wel*- npor ary
or permanent structures that consist of a framework of trusses and bridge
panel s. The D-bridge deck panels, conventionally made of steel, consist of
a deck plate welded to a | arge nunber of 10 longitudinally framed U shaped
stiffeners (commonly known as an orthotropic bridge deck; ie stiffened in
one direction), two or nore transverse beans, and |ongitudinal girders.
The deck plates tr r t I n h to the transverse
beans. which di reth%?]?/&Frngklg%gP&t%he gg%@*ﬁt%@?@%ﬁ%. A known design
consists of 5mm U shaped stiffeners, welded to a 10mm deck plate with two:
15 continuous 4mmfillet welds. Weel |oads fromvehicles crossing the
bridge cause localized bending of the deck plate over the top of the
stiffeners, whi crhepresentimvedttadslae thatndich plae kmebfantibeidgedadst hat j oi n
the two.. Fatigu racks pr.o at al ong the brjdg | ds qr,into the deck
plate r esdué’ﬁ‘ﬁg?fﬁﬁg’ @%&gg ‘%‘é\lﬁgg? %teéthaéﬁ’ﬁjﬂPf S“BR?F%‘i g‘flgg?émgé‘imﬁ $RFFomi sing its
capacity t%x?ﬁ&{é{f JAgisdesign loads and reducing its 20 service |life. Deck
panels with fatigue cracks (detected during routine inspections) are
general |y repl adebridds atrawelbhsewh banpehipuepéasinstviaRiurtohenseRRf s and

those skilled.in the art have traditionally thickened both the deck plate
and sti ffeRérSramswasl of russepand bridge panglsgdhigD-bridgacdeck pemdls,f at i gue prone

detail. In desi he deck pl ate,and stiffeners, are thickened
Lo 12mn andoRrRCRRl, SR Ao PRt Hh PR g eled Fip iRl

i ncreased enebiinallp€ranaldi 105k SRS QoS REBW A Ys BN brithBSopld | |
insufficient as the basic construction details” (fatigue prone weld

conf i gur at bodge dedkaieseiffenicihamgditection)t teo ophmtre thhivetsnbsand, and eases wi | |

reduce the;stress range d,igprove the fatjgue resistance, but there is a
practi cal F‘?"rﬁ‘tﬂ‘ﬁlﬁaﬁ@r‘g"é&kﬁgﬁﬁ@pﬁa W‘%‘%"d%l £ the Silleners and then o the

transverse beams which directly transfer the loads into the trusses. A known

design consists of 5mm U-shaped stiffeners, welded to a 10mm deck plate with two
15 continuous 4mm fillet welds. Wheel loads from vehicles cro‘ssing the bridge cause
localized bending of the deck plate over the top of the stiffenérs, which in turn
leads to fatigue cracks of the welds that join the two. Fatigue cracks propagate
along the bridge welds or into the deck plate reducing the deck panel’s strength
and stiffness, compromising its capacity to carry the design loads and re;ducing s
20  service life. ‘Deck panels with fatigue cracks (detected during routine inspections)
are generally replaced. o
| To increase the fatigue resistance, researchers and those skilled in the art
have traditionally thickened both the deck plate and stiffeners to reduce the stress
range at the critical fatigue prone detail. In one known d;esign, the deck plate and
25  stiffeners are thickened to 12mm and émm respectively with the adjoining fillet
weld sizes increased to ém. The fatigue resistance was improved but was still
- insufficient as the basic construction details (fatigue prone weld configuration)
remained unchanged. further plate thickness increases will reduce the stress range

and improve the fatigue resistance, but there is a practical limit: the deck panel



WO 02/ 29160 PCT/ GBOL1/ 03933 -2 wei ght exceeding the dead | oad carrying
capacity of the supporting bridge structure. Bailey bri QgssMARq'?[]ﬁ&rrporary

struct ur h consist of a framework of girders, trusses, bracing, and
deck pangf%éz" ventional Bail ey bridge deck panels 5 c%ﬁﬁﬁ@ﬁ%ﬂ%teel

deck plate welded to longitudinally framed steel U shaped sections with two
channel sections at the edges. In an effort to mnimze costs associ ated
with fabrication and weight, the plates and sections are nade as thin as
possible, and internmittent welds are-4sed to join the stiffening el enents
to the relatively thin deck plate. As before, these welds are susceptible
to fatigueweighe emgedingehaitadiloadl@riyatyg gpeciyr dithe ampgobdsg lridgeni t ed f at i gue
resi stance whi ch reduces the service life. Accordingly it is an aimof the
present i nVEHEPBh to provide an inproved bridge deck panel with equival ent

strength and sti LSLI L dae : I lighter,
sinpler in conspﬁgfﬁg#egﬁg&gékpgggg%éone %ﬁ%@g&g?i‘}&‘go%‘fﬁg to the
present i ngdédsofusstd)brRidesad dackgrdele ObhageicdfTailepbelige diok paAds i Sing a
sandwi ch plate structure havi ngégcgper and_| ower neta | at es and an

i nt er medi afempayes stegl dscloplatn weldedio lgagydinallydramsdtedh Shehaped seciesd et al
pl ates so

as. to tyransfer.-she f orces t hepebet ween.. A bri dge. deck panel
accor di ng. R 'fh_na\%lﬁ Sf%oncsgn&geegﬁ?sbjf‘a%&&&ﬁtﬁ B e ﬁ%ﬁ?@?‘fy and
per i pher al watolRPFEd I RAdSPEEHS RDIAB £l BEidHE aHCRhELsSRin APbssile, 20 can

replace panelsin existing designs. The sandw ch plate structure of the
- enbodi nentndiegemiibed: weldswehaed imjoiedestfsting elptienand tht idadineyshis

EE’FEQLS? e: e A s e s T A e SN Bt REits e Yol e sléeddt nat
e i e S T g s S

structure. |In séreoripddirieni sinooerhe prevadidnididdnto diredide heatgovahear
pl ates, or e_rclbqgﬁided structural sections nmay . _be used to _control
ag

def | ect i onBrdseqckinqaeli wigh etevdentrstiepghand stifaess o mrasungduidgedeskel d vol unes,
redUCeS g Ohal GBS EIBNIBAR-ALER LA Mo FOR i Ot o010
According to the present invention, there is provided a bridge deck panel
15  comprising a sandwich plate structure having upper and lower metal plates and an
_ intermediate layer of a plastics or polymer material bonded to said metal plates so
as to transfer shear forces therebetween. |
A bridge deck panel according to the invention can be provided with the
- same geometry and peripheral supporting elements as an existing design so that it -
20  can replace panels in exisﬁng designs.” The sandwich plate structure of the
 .embodiment described below has increased strength and stiffness as coﬁipared toa
metal plate of comparable total plate thickness.
To eliminate the farigue prone details of the prior‘art it is envisaged that all
steel bridge deck panels, the multiplicity of the stiffeners and associated welds are
25  eliminated and replaced with a sanidwich plate structure. In some embodiments
one or more intermediate beams, shear plates, or embedded structural sections may
be used to control deflections.
Eliminating the stiffeners reduces the required weld volumes, reduces the
total exposed surface area requiring coating protection against corrosion, simplifies

. 30 . the structure, improves the fatigue resistance (increased service life for the same



30 the structure, inproves the fatigue resistance (| ncreased service life
for the same 2 6 MAR 2005 WD 02/29160 PCT/ GBO1/ 03933 -3- )l padAR 0% |s | ess
expensi ricate. In sone enbodi ments, where m ni is an
i rrportan\god’z‘?;]gﬁ criterion, the solid inter msdl ate | aye?}%w&&%\%ﬁg
replaced with a conposite core consisting of solid ribs and sone Iower
density form as long as the bonded area between internedi ate | ayer and
the upper and 5 lower netal plates is sufficient to transfer the shear
forces therebetween. In this type of -Zonstruction, the spacing and

di mensions of the forms would be determi ned to prevent buckling of either
net al pl at toad§jund idessdepaishe offaladmacinilaBopk anbodiniets, Wiege suhihdbhe for use
in the present ., i.,nvention can be.found in US Patent 5,778,813 and British
Pat ent AppFielat Soi imporant despramtenon thespbidi Eémﬁ@atﬂdﬁﬁerl(@m)rmmabe al so be a

it | 9926333. 7.
The. pr esent HRee N B te i o ipRp o T e REratF iR #8%eTence 1o i he
foll owi ng @aedhi ﬁhga@tﬂéfbcﬁia%mea%cﬁé&qﬂeefﬁs&&e M bHG RCGRHRPMY | Ng

schematlc drawi ngs, in which: 15 . Figure 1 is a perspective view of a
"typi cal® blqu?geﬂet plagks léhuﬁﬁlwnd&mlpdﬂehe shehr fomees pﬁesbﬂweemvblmhwon
spanning the f w dt.h of the.bri Pfﬁsf ‘ﬂgﬁe 2 is an end
view of a BESR éowwﬁ' SR 831 FR IS TEPHERE of the present

i nvention Hétleﬂﬁ,‘h&g{d%g?&mg%%gfg e?hie%al%;ﬁté he supporting bridge

structure and those s; 20 Figare 3 is partly cut-away, plan
vi ew of the br|E@&hd&l&kaﬂpmﬁ&dnchhc]?pbwm&turwm&ammoﬂﬁe&ﬁlﬂi&qhmiat beam

Figure 4 is a ¢ross-secti t he brld e_deck .pan of Figure 2 along l'ine
b b Fi gur Bvemian gedredevod i isdivier oAb ATsmd b t@%?ér@éfééﬁgcaﬁaﬁﬁ o B gure

geglkoggnel Adhey dgzg pghg\lgqeg%&u SR fﬁr'ﬁ@% QPcoRfBstr Bofd'as BAICkDQ 1 N Y1 dOe
British Patent Application No. 9926333.7.

The present invention will be described further below with reference to the
following description of exemplary embodiments and the accompanying schematic
drawings, in which: ‘

15 . Figure 1 is a perspective view of a "typical bridge” in Whtch the deck panel
of the present invention, spanning the full width of the bridge, may be used;
Figure 2 is an end view of a bridge deck panel according to a first
embodiment of the present invention illustrating connection details to the
supporting bridge structure and those between panels;
20 Figure 3 is partly cut-away, plan view of the bridge deck panel of Figure 2
" with one intermediate beam;
Figure4isa cross—secﬁén of the bridge deck panel of Figure 2 along line D-
D; : S
Figure 5 is a cross-section of part of the bridge deck panel of Figure 3 along
25  the line A-A; ‘ '
~ Figure 6 is a cross-section of part of the bridge deck panel of Figure 3 along
the line B-B;

Figure 7 is a cross-section of part of the bridge deck panel of Figure 3 along

the line C-C; | |



Figure 7 is a cross-section of part of the bridge deck panel of Figure 3
along the line CGC WD 02/29160 2 6 MAR 2005 PCT/ GB01/ 0??%3»1@%059 8is a
side view of a bridge deck panel according to a variant t T st
embodi neWP %1% wo i ntermedi ate beans; Figure 9 is part RFIEGRUARES  pl an
view of the bridge deck panel of Figure 8  Figure 10 is a cross-section of
the bridge deck panel of Figure 9 along line 5 E-E; Figures 11 to 14
illustrate steps in the fabrication of a bridge deck panel according to
the first enbodinent; Figure 15 is a p#an view of a bridge deck

i ncorporating panels according to a second enbodi nent. of the invention
spanni ng bet weeFigurafdvesidevigivraferiaidge déck parbiccodigy tea Hridns ofithrer specti ve
view of a Ear;ﬁ&f the brjdge deck of Figure 15 show ng the placenent of

bri dge deckr£adodimerarigh fgo tyerpedigedermasienbodi ment i |l ustrati ng

connection detaigts t@-supporting brj nepber,s - and, shear nnecgi ons
bet ween panels; Flgfge gimgqf?ggcﬁ%%ydp%%g‘g?% ofgéeplgg%e\}ig%paeéﬁf% €% '
cross-sectional FyR¥s0 Bfa @Bss-s8dloANIRAE BlidéOdedk PaRbl gL E9Q1sRkePaNel s
(providi ng_shear connection) according to the second enbodinment; Figure 19

is a persspéek;i ve view of a clip used for joining bridge deck panels
according to the.second diment; 20 Figure 20 i .pl ap vi ew,of a bridge
deck panel acco%éﬁ“ﬁ@‘-]tq&oﬁggﬁ‘é%%ﬁﬁws s ?n%%ﬁ@ggﬁ geRtdtail
(locati onsaggoréigég@ms(smci@ea{.es) , Figure 21 is an enlarged '

cross-section of “a bridge deck padel according to the second enbodi ment of
the invention aFiguge 15 Ba ghan Hewfifguhmilgd Aetlsirmopdaaming pamebfaceorinigdge deck
panel according . to tOB.%sec?nd 25 epbodi ment showi ng vari at,igns in the shape
of the for Ageeogdrmbodimertof thepvertqmwpanpmgherwepntnsyeras girders or :

10 . beams;

Figure 16isa peﬁpective view of a part of the bridée deck of Figﬁre 15
showing the placement of bridge deck panels according to the second embodiment
illustrating connection details to supporting bridge members and shear
connections between panels; |

15 - Figures 17 and 18 are respectively plan and cross-sectional views of an
arrangement for joining bridge deck panels (providing shear connection) according
to the second embodiment; ‘

Figure 19 is a perspective view of a clip used for joining bridge deck panels
according to the second embodiment; _

20 Figure 20 is a plan view of a bridge deck panel according to the second
embodiment showing hidden detail (loclations of forms and shear plates);

Figure 21 is an enlarged cross-section of a bridge deck panel according to
the second embodiment of the invention along line F-F; ‘

Figufe 22 is a plan view of a bridge deck panel according to the second

- 25  embodiment showing variations in the shape of the forms to facilitate flow of the
injected material;

Figure 23 _i}lﬁ_strates a perforated shear plate;

Figure 24 is an schematic of a mould and parts used for fabricating bridge

* deck panels according to the second embodiment;



Figure 23 illustrates a perforated shear plate; Figure 24 is an schematic
of a nmould and parts used for fabricating bridge deck pan?I@ @ﬁ%oz%g ng to
t he second enbodi nent; 2 6 MAR 2005 PCT/ GBOLl/ 03933 Fi gures ™2 are
respect i VOIW/2314n and end views of the mould of Figure FEUVERYPP327 is a
pl an vi ew, show ng hidden detail, of a bridge panel according to the
second enbodinent; 5 Figure 28 is a cross-section along line GG of the
bri dge deck panel according to the second enbodi nent; Figure 29
illustrates typical male fitting shear-5connectors of a bridge panel
useable with the second enbodinent; Figure 30 is a schematic of a nmould and
parts used for fFahirec2h iR furk depectivelyddak aphast sieas ebtidimgildoft he second
enbodi ment;  Figures 31 to 34 illustrate steps in the fabrication of the
bol ted conK&R¥EéMs in the second enmbodi ment; Figure 35 is a cross-section

of a bridge declg: - ac | i he.: ond -1 e ent i1l rating
t he enbodi nent ?ﬁﬁ%@{?gﬁ e@%ﬁgieg'gtsfr!%% gﬁ%ﬁ&s%e%??‘ddﬁg?%gdﬁ%%% easc)mw %in the

i nternedi ag@thebeind &mbsdiied shear stiffness and control deflections; and
Figure 36 illustrates a configuration of extruded upper and | ower plates
useabl e S n the FrguenlB o cros-setrondenplme Grwif tysbridgedeclopatet are denot ed
by i ke reference n%ErreraI S 28 (ﬁ&boc!i ment 1: Prefabricated sandw ch plate-
bri dge decRETANEE W %585%94f)tﬁ Y™™ rane Figure 1 is a schematic diagram of

a truss bridge %@zbh&&%{@@cﬁ iRRhEWRESN Ao S AP bIHEL hapy  The

supporting ‘stru e nmay cons of eifhe a double truss 2 ©or single truss
3 whi ch supgmble winh nthewented enbbdiclengpan the | ength of the bridge. Bridge

deck panels 4 s %?gtnlrg % Vls\eaesrcl:hgrblgticngii 4 mow a%rdspart-l.;qgeci) foir ?a%?‘icgt%:gkbridge
10 deck pzméls according to the second embodiment; '
" Figures 31 to 34 illustrate steps in the fabrication of the bolted connections
in the second embodiment; Q
| Figure 35 is a cross-section of a bridge deck panel according to the second
embodiment, illustrating the embodiment of a variety of structural sections
15 (shapes) within the intermediate layer to provide shear stiffness and control
‘ deflections; and
Figure 36 illustrates a configuration of extruded upper and lower plates
useable in the invention. |
In the various drawings, like parts are denoted by like reference aumerals.
20 . ‘
Embodiment 1: Prefabricated sandwich plate bridge deck panel with peripheral

frame

Figure 1 is 2 schematic diagram of a truss bridge which illustrates common
25 ‘types of construction. The supi)orting structure may consist of erther a double
| truss 2 or single truss 3 which support main members which span the length of the
bridge. Bridge deck panels 4 séan between the main members. The bridge deck
panels 4 may, for example, form a road surface for a single or multiple carriageway
road. The bridge must therefore be capable of supporting dynamic loads from one

30 or more vehicles, which may include lorries and other heavy goods vehicles. The



panels. 4 may, for exanple, forma road surface for a single or nmultiple
carriageway road. The bridge nust therefore be capable o? 6 Yearer208ng
dynam c | ocads fromone 30 or nore vehicles, which may include lorries and
ot her he¥RP28H8s vehicles. The 2 6 MAR 2005 WD 02/ 29160 PEERRE3(49%83933 -6
frequency and magni tude of wheel |oads and conditions for which the bridge
deck panels nust be designed will be dependent on the |ocation of the
bridge and the specific traffic |oads for the carriageway. Abridge deck
panel 4 according to the present inventf-on is shown in 5 Figures 2 to 4
whi ch are respectively. an end view, a partially cut-away plan view and a
cr 0ss- sect ifesqueddyeandrmaigétude ok whatldbads 268 epadisiess for seigWiibrilgeldedd ate 5 of
general ly rectangul ar cross-section fixed, along its |ong edges

t
transver se R§Pelsarust bipdesigned &k ha deprdani emtherlecasionwl abejbm@rv@dtthbnopl ates 7

to enable the.brj e anel.4 to be bolted to the trusses 2, 3 of the
bridge 1. &B%i’%%%‘g’?l‘?%dﬁg?‘i% icﬁ%agivﬁajbi rders 8 are provided at the ends of

the panels and aQbiRkeddRGPaatla &e&woﬂégy&%@éﬂ&ﬂ%ﬂmine of the

panel 4. In use, vehicle l'oads are transmtted fromthe sandw ch deck
pl at e 5 % o Higreres 2 omé vevideargirespestively; anmrichviewea pasily emeevayfplart ew

| ongi tudi nal ,girders 8 a lL,nter | at e, beam(s) 9, apd nge to the bridge
trusses 2, %ﬁgfgosﬁé‘?%ofls eggﬂ’r@@ﬂ"gﬁmﬂ nf‘ﬁé%@‘?ﬂﬁﬁ?#(ﬂé‘l?%r}ate 5to
t he peri ph(ng@@ém]] &%gﬁﬂg i -%EHEQ' apﬁg ; l.n Figures
5, 6 and 7.” For }(E:I arrty, Clgjgt%: I ng glg%ds? an q%gé%?ﬁ%’ﬁéf%&?%%[@egre not
shown on t ltes ehd emlsiof sehichTire peohidglicesieai soplateo Wb badblé tie shigddedh deck
plate 5 is forned fromupper and |ower steel plates 10, 11 which are

d wh

bonded t og@eREr Wpeibolied iR Hictressesy) érof the bodgarhi Addislorglpagiandingd| astics or
pol ymer Lale . Pr I t r ith, sufficient :strength to
transm]tdj?%glgrm%fgoarrg ggvg(%e{ﬁbm%é%g%%% O(r-% ea?anﬁ é’flg&l nﬁefyﬁ:ﬁ?tggtg})egnﬁ 0Ss-section
al ong the lprodddt Achg kel @idline 3f thd panst 4. albsse Bvdhidhd Badls 2:6 SARGELKEEN bet ween
the sandw ch deck plate 5 and on internediate beam 9 where the web of a
nonosymmet Kfam thewndwithglsck plite § 3o thsltadvearse gitderd Quweith tet asistphcetad 25 11 of

the. sandwi ¢f, fleck oL 8, R:s FLLELRALMELYbesk)§ o, ILPRORL SEERARY Do an

trusses 2, 3.
15 * Details of the connection of the sandwich deck plate 5 to the peripheral
_ frame and intermediate beam(s) 6, 8, 9 are shown in Figures 5, 6and 7. For
clarity, backing bars and specific weld details are not showa on these figures.‘
These Figures also show that the sandwich deck plate 5 is formed from upper and
lower steel plates 10, 11 which are bonded togetﬁer by intermediate layer‘ 12,
20  which comprises a plastics or po];ymer'mateﬁal, preferably elastomer, with
sufficient strength to transmit shear forces between the metal plates.
Figure 5, a cross-section along the line A-A in Figure 3, illustrates a typical
. connection between the sandwich deck plate 5 and on intermediate beam 9 where
the web of a monosymmetric I-shaped section is welded to the lower meral plate
25 11 of the sandwich deck plate 5. Alternatively, the internal beam may be an
inverted T-section with the web welded directly to the lower metal plate 11.
Figure 6, a cross-section along the line B-B of Figure 3, llustrates a typical
connection between the longitudinal end girder 8 and sandwich deck plate 5,
where the sandwich deck plate 5 frames into and is welded to the web of the

30 girder. Insome embodiments the upper metal plate 10 may be aligned with the



i nverted T-section with the web welded directly to the |ower nmetal plate
11. Figure 6, a cross-section along the |ine B-B of Figur2 83MAR 2005t r at es
a typical connectlon bet ween the | ongitudinal end girder 8 and sandw ch
deck pl a?® ¥2¢here the sandwich deck plate 5 franes i nE&TARIIOPe| ded to
the web of the 30 girder. In sone enbodi nents the upper netal plate 10 may
be aligned with the 2 6 MAR 2005 WD 02/ 29160 PCT/ GB01/ 03933 -7- web or, as
in Figure 6, cold fornmed and extended beyond the web formng a stiffened
edge plate. Figure 7, a cross-section &tong line CC of Figure 3,
illustrates a typical _ connection between the sandw ch deck plate 5 and a

transver se vgily 6h6 s By, Fighier6e cdlt ornbedsaidtish Glled Bejord 1B §cb fé4@ARS i Nto and is
wel ded to thg wep of the girder. The offset flange provides a flush edge

bet ween adj® glae-so t hat adj acent panels can be boI ted together
provi ding a sheas. connection bet .th rj,pheral met frame 6, 8
and upper 10 an?g%mgn ﬁ%’fsaﬁeaﬁﬁ He?&?ﬁ%e%??dl ‘T“é?ﬂ?’l ed cavity

i nto which cbhﬁemq;ee@één%egmh%y&fd&% ms%& &&szlsveilsg [gﬁfdxég iphlQmof the
this prefabricated bridge deck panel 4 accor iTst enbodi nment
i s.illustratedwich dlédgplhawf&mc:smm azichslmﬁdeﬁwothmwdmbﬁhegﬁdebéﬁhs Q'

al i gned vmtI%[ﬁ olted she o ti,ons betyween adj ace&@ (gnel s to pI’OVI de a
direct |oa® BPTTY hsev sameadiasaniaiagels o thahadinest BMES al ong t he

| ength of vf?ﬁ% |? f. H; g? geck panel 4 are
t he sane. %&? lé% Qgﬁg%rgff%n pr ess 8&15%%%%@0 irst enbodi ment
i s greatlypeﬁplmialﬁjeemlfmeepsvmiepbdrqoanarlwérrﬁé&lIslwemi foren fegiause the

posi tioning, and el di ng of aL_w ongi t udi pal lé framed U shaped stiffeners
are elim nat eﬂ%@%éﬂanﬁfgnt%w b the frrerreedigior fager Buppn«mdqg steel frane,

fol d ; b
consl gD of, | 0GR AR, L ARISAS B AR TR BT 20 © e

resul ting msttéwocﬁﬁﬁuﬁwﬂﬁs@mm FlpulrdsBioe101 T hm%o é&é%@&&ieﬂﬂ:aﬁ:& eel frame
is thén centred around two bl ock shaped reusable fornms 20,

per manent | ¥l abgaedwitrbaltad skehogorfiectonys eswadoadncen: fanels :@pﬂ@lde'gll'ehe forms as
shown in Flgil 1038 pathFot Toad stialin BeRweeh pantls a8 vaides move aloks the 1eageh ~Ot O™
of the bridge 1. All other details for the bridge deck panel 4 are the same.
15 The fabrication process for the panels of the first embodiment is greatly
simiplified as compared to a prior art structure because the positioning and welding
of all longitudinally framed U-shaped stiffeners are eliminated. According to the
vention, the supporting steel frame, consisting of longitudinal and transverse
girders 6, 8, intermediate beams 9 and connection plates 7, is fabricated in a
20 conventional manner, resulting in the structure shown in Figure 11. The
supporting steel frame is then centred around two block shaped reusable forms 20,
e.g. permanently located on the shop floor, as shown in Figure 12. The forms as
shown in Figure 13 are used 10 temporarily locate and support the bottom |
faceplate 11 while it is filler welded to the peripheral metal frame eliminating the
25 need for backing bars. Metal or plastic spacers 21, placed as necessary to support
the upper plate 10, ensure the correct through thickness of the intermediate layer
12. Prior to further welding (closing of the cavity) the interior snn—facés are
degreased and wiped clean with MEK solvent or equivalént. The upper metal
“plare 11 is then placed on top of the frame, as shown in Figure 14, and is welded

30  all-around witha partial penetration groove weld. I required, an additional filler



faceplate 11 while it is fillet welded to the peripheral nﬁtﬁg fezlf[]@gm
elimnating the 25 need for backing bars. Metal or pl astizc S % 21,

pl aced as _necessary to support the upper plate 10, ensure Ithe-~cor.rect
through MRS of the internediate layer 12: Prior t8CT&OHEhel di ng
(dosing of the cavity) the, interior surfaces are degreased and w ped dean
with MEK sol vent or equivalent. The upper netal plate 11 is then placed on
top of the frame, as shown in Figure 14, and is welded 30 all-around with a
partial penetration groove weld. If reuired, an additional fillet 2 6 MAR
2005 WO 02/ 29160 PCT/ GBO1/ 03933 -8 wel d can be provided to further join the
| oner et alwehl einebelffyotialet e furtltbe feih die Diver infeeal Plipe 10 to dik iddérstide of One

i njection gé)rt 22 and one or nore.vent holes 23 can be mde in either the
| over pl at BrCIBPPERSisiae Pgireatipngrort 22 wrbonsegr patervent holeyd® enle The

t d h - Al t ' teqinj i i {, tp 5
n v o REoET elrIRe Lk ol I BB B AL G s PR R el €
fabricati o, THepoetuRItdlYs are | RSN hedofurh R InfHca6H 86hibAka:, the cavity in

approximately 160s. Finally, the injection port 22 and venting holes 23
are sealSedoviimmizethexdifept emysrructiihbpeitainiocs out edadibiatgebdetienpanel accor di ng
to the invgn%;i on ¢ nﬁgﬁ noved V\,it,hierég%lo- 5 m.nutes fromthe tinme of

i nj ection. "4®° > FATOmST S3heq 1niscredipEnt EiQRtY ReAPGHI=2F pl ate

bri dge deckip ; i A Ld i i i,dge deck panel
100, accorgfiﬁg?ﬁr%]ﬁjfgﬁ%ﬂ %gg%éh%%%%%ﬂ%%%%?rﬁﬁﬁtggﬂh gi | l ustrated
i n Fi gur esThs prefaiX2catatbsidbpsiegnpahel mcondihg teathy iveadoh assbdnGtdl The '
overall.bridge Length L, panel length .1, mninmmwdth Wof the deck, and
maxi mum meW@‘l%‘ﬂﬂé@'lgﬁéﬂE‘ieF & WheEne ofi 1i§Ci®he super-structure) for this
particulyar exanple are 20m 2000mm 2800mm and 6 to 8 tons, respectively.
20 A typical bridge deck 100 is -made up of 40 identical bridge deck panels
104 spanning. between transverse girders 101, as illustrated in the plan
view in Figure 15 (for clarity, the bridge super structure is not shown).
Each panel mbsxdun@ltzsé?rﬁal@m@m«f/ by wgight sandivacleplave baeizga decki prselsl | ed by two

men and shoul d have a

A military light weight sandwich plate bﬁdge deck panel 100, according the

15 asecond embodiment of the invention is illustrated in Figures 15 to 22, was
designed for military load class MLC12. 'The overall bridge length L, panel length -
1, minimum width W of the deck, and maximum Weigh{: of the bridge including
the superstructure) for this particular example are 20m, 2000mm, 2800mm, and 6
to 8 toms, respectively.

20 A typical bridge deck 100 is'made up of 40 identical bridge deck panels 104
spanning between transverse girders 101, as illustrated in the plan view in Figure
15 (for clarity, the bridge super structure is not shown). Each panel must be
sufficiently light to be carried and installed by two men and should have a
maximum Wéight of approximately 100kg. The panel can be lifted using a simple

25  lifting frame (not shown) with handles that can be attached to gacjl panel through
the shear clips, existing bolt holes or through additional holes (not shown)
designated for this purpose. Universal dimensions and details (common
thicknesses, width, bolt hole locations, shear clip details) allow the bridge deck
pauels to be placed anywhere along the bridge deck. As a result each bridge deck



maxi mum wei ght of approximately 100kg. The panel can be lifted using a
sinple 25 lifting frame (not shown) wi th handles that can ?cﬁ Razjigd to
each panel through the shear clips, existing bolt holes or 'through

addi t i onWP B3P%¥8 (not shown) designated for this pur pos@pT{ﬁﬂ"\'/@?S'g%ll

di mensi ons and details (common thicknesses, width, bolt hole.locations,
shear clip details) allow the bridge deck panels to be placed anywhere

al ong the bridge deck. As a result each bridge deck 2 6 MAR 2005 WO

02/ 29160 PCT/ @GB01/ 03933 -9 panel nust -Be designed for all probable

| ocations of the panel of both tank tread and truck wheel | oads associ ated

with M.C12 phadehigbe Begited fd6all bldbabledd@tiohisf the Pa lof BBriOfank BRaPanel s to
the transverse girders and the shear interconnection between panels in

gr eat er- detagil truckwhheeldpadsegsadiatsl withpdtCéhbadingl i ps 120, made of plastic or
metal , connect adjacent, panels 104 to. mai.nfain consistent deflections

bot ween panel s FIEGERD LIBEHI B BnaRiotad ThARSEsTOS HATTHEe BTt e deck.
The shear ' : o f | The shear
clip 120 a%’ha ?%sign%nlg{ee?c%@égts%ﬁ g‘?@s %#Eriﬁ %agﬁlr}%gmi%%q%&d e tapered
fl ange of tshepedslear clips 120] 2Qdabf plsid @rmeals yomiacadjment padlsri®@doval . The 10
flange 121 length is, suffigcient to engage, the edge netal shear plates 107.
Two bol ts TAEGEs %Ps’éﬁeﬁhé?ffeéﬁeﬂ%kﬂwewﬂﬁlé Y%blciﬁﬁ%atﬁ PR MR s o
girders 10 i i ' [ ' ayer 12
(conposite%%ggggﬂkﬁ?%ﬁgé%%g%éﬁugggwa??%Sgﬂ%ﬁ€%%@%¥%§%¥§B@%ﬁ%ﬁ%ﬁ%hg of | ow
density forithe shéhr cliplias hd s efanpel ofiRe afeishbed 8 Titdranty (b319. iTHeer nal st eel
shear plates 107, bolting details 105 and shear clip enbosspents 106. The
pl astics orapssidyfinege pf thegberredipyl 20 allgwy tareadyr placemans srdimsuoval ERess section

to one at, | oo like.an toni ¢ colu {0 i ngregase,the honded rface to
the upplt SApEA (hdrisE ieietede S0ait e el el R R P 02 a5t bt
effectlvenqszsatoeithtep@n&eaﬁ&ﬁﬂgﬂemo4wazet@&sa&9e eddromop! ate 10, 11

t hi cknesses for this particul ar exanple can be different, e.g. 3nmand 2mm
20 respecti vel yFiguoesd amd 22vhowoplightaeighd Birextadatevnger Hily(compbataordhe

panel s of Le 1 20oRld RNl IEIL e, SOSLIHSLEG: R ALSLY Lyt el do-

plastics or polymer ribbed sections 13, internal steel shear plates 107, bolting

15  details 105 and shear clip embossments 106, The plastics or polymer rib geometry
may vary from a rectangular cross section to one that looks like an Tonic column,
to increase the bonded surface to the upper and lower metal plates 11, 10; and
maximize the cost effectiveness of the construction. The top and bottom plate 10,
11 thicknesses for this particular example can be different, e.g. 3mm and 2mm

20 respectively, to allow the top plate 10 extra wearing surface. The panels of the
secontd embodiment are constructed entirely without welds. Figure 22 illustrates a .
variation in the geometry of low density forms, provision of chamfered corners to
facilitate tﬁe flow of injected plastics or polymer material. The exact dimensions of
the components of the intermediate layer are sized to provide adequate bond

. 25 strength, stiffness, overall strength for the specified loads. The shear plates 107 for
this embodiment may be solid or petforated with punched holes as illustrated in
Fiéuré 23, to allow free flow of the injected plastics or polymer matetial and after
curing to increase the load (mechanical interlock) between the plates and plaétic
ribs. Perforated plates provide stiffer plates, reduced slenderness and reduced ‘

30 weight of component.



variation in the geonetry of |ow density forms, provision of chanfered
coners to facilitate the flow of injected plastics or po?ym Hgial.
The exact di nensions of the conponents of the internediate | e sized
to provi W& Bd8Wlat e bond 25 strength, stiffness, overall PﬁTf‘é‘F&g%?or t he
specified | oads. The shear plates 107 for thus enbodi nent may be solid or
perforated with punched holes as illustrated in Figure 23, to allow free
flow of the injected plastics or polyner material and after <curing to

i ncrease the | oad (nmechanical interloek) between the plates and plastic

ribs. Perforated plates. provide stiffer plates, reduced sl enderness and

reduced 30 wei gfithediridge dpdtnpinkls 2WQr02% 20 thidsecditd emboddARn2@R5 PCT/ GB01/ 03933
The bridge deck, panels accaording to, the second enpodi ment are

pr ef abri capedabtiragediin @ moud A0svhomin o igige 2o 24 thy epsures diamensiosah es

di mensi onal __accurac nd al it nstructy on. D mensi onal caccunacy i s
por tant - PEPRTAeR QreRpsel ieiohe TR APk FORIAE F i o

wei ght wi t muf)ﬁmaamfox?rﬁﬁwd&%teﬁf%gaa&%owsigﬁiﬁeém The thin | ower
and upper netal plates 10, 11 with enbossnents for theé shear clips,

i nteri ol shedatiqusdtes pidd tapand.ofbe thid lawer midieper niqnalplaedds dd witdul d 41,

L e S e e AL L

pe_enmoved;fhbidied ol il ROUNSS IRRELAR Rl  FESreIANMlGRAL I NOS are 10

t hen appl i to the exposéd nmetal. surfaces. Variations of this enbodi ment
are a funcidjemedio filhehalasitgin pprageheely 1dnd 15cendils.i The fihshed dekgi ven

bri dge deck panel, One typical variation_is illustrated by the design
shown in FPaeal6an by rerao vl witlyp adewhioige Gewrsipn RErlip Fasistash sppsings are

appr oxiyxat al 0 et n it S girders and has a design truck | oad
of -15 11?‘?' g%/eéra%ggfsyroe o%?%sreldn &%fs,%%%gninx 500mm The 1050mm wi de bri dge
deck panel 204 wmpp#ibsest tHRRebodREediQeh RivRkidh of Phad®in e’ngdan
intermedi ate | ayer (core) 12. The core 12 is constructed of regtsl arly

s

spaced | ongbaditibnsfor shagivenbridgs desk paneln @iopidahwsitiontihilusts #te the
' the design shown in Figures 27 to 34, for a bridge deck panel that spans
approximately 3000mm between transverse girders and has a design truck load of
15 16T over a tyre footprint of 200mm x 500mm.

The 1050mm wide bridge deck panel 204 comprises upper and lower metal
plates 10, 11 and an intermediate layer (core) 12. The core 12 is constructed of
regularly spaced Ion:gitudinal elastomer ribs 14 and foam inserts that separate the
top and Bottom plates. Internal shear plates (with holes) 107, as shown in Figure

20 28, are bonded to the elastomer ribs 14. Shear is transferred to the steel plates 107
via the bond (adhesion and mechanical) to provide the required flexural stiffness.

Figures 27 and 29 show a variation in the shear connection details between
panels. Metal or plastic tubes 188 are embedded in the intermediate layer 12 across
the short dimension of the panel. ‘Male shear connectors, with either straight 178

25 or tapere-d 179 ends and a ﬂa.uge 180, illustrated in Figure 29 are fitted into the
tubes of adjacent panels to provide the required shear connection. These
connectors may be constructed of metal or plastic. All other details are similar in
tunction and only vary in dimensions and location and are application or design

dependent..



top and bottom plates. Internal shear plates (with holes) 107, as shown in
Figure 20 28, are bonded to the elastoner ribs 14. Shear is transferred to
the steel plates 107 via the bond (adhesion and mechanicdl§ MAR 2088/i de t he
requi redMA Q2% stiffness. Figures 27 and 29 show a vEGIEAEBYAHPH t he
shear connection details between panels. Metal or plastic tubes 188 are
enbedded in the internediate |ayer 12 across the short dinension of the
panel . Mal e shear connectors, with either straight 178 25 or tapered 179
ends and a flange 180, illustrated in-F-gure 29 are fitted into the tubes
of adjacent panels to provide the required shear connection. These

connectors may Fabsosidn ofof @tk @hndlRt@rdiap 1S binbodidhdnt OEARS iR | s are
simlar in function_and only vary in dinensions and |ocation and are

appl i cat.i ostages. dastgite fopmp d dessst integpllyorizlp tisolongituding shalRp12@9 507 in

- PCT/ GB01/ 03933 Fabricatj of. .a deck. . | acgordi.ng,to this enbodi nent
occurs in w;eg{ogg@gpi4:?f@§ ’mfal ePPﬁgg?%rﬁns‘s Pl?‘%fié’@F%ﬂ FORPEh the

| ongi t udi NghjectRemoR] 4P S1dRhrddTn FBfk BO %g%mtg 2l 'baubﬂs&%f@'
"positive". formis then placed in the el astOner nj BT on nould 40"

i |1 ustrdt eglates 10, §Uur haelastonmy isnnjeatet! grot thp nemdd bohdiapultieel 5 pl ates 10,

11. The elastonmer is injected. intqg the nould bonding all the _conponents
i ncl udi ng GBPPPRTE %‘4‘1‘8&&"’@%&8 shegr coreatiry devatlyingo askuerial arnglanel

t hat requi @{%Iﬂwgw_gures 31 to 34 show the fabrication detail for

t he section o nnecti o sl eeve for bolting the deck sections to the
transverse gir d@iguresTitetcsidefdowothe tibricadén gl €sstharsectioh of Bic8Bsectioh Net al

sl eeves 105 into boftom plate 11 and position assenbly in npuld with rigid
f oam and i peeyefer beling thp degleseeyamsga tee wansvemse gdetst (Tdn sispugfsthisa (wi t h

rel ease|fg %‘gf?i ni.o sl eeves 105. Position top plate 10 and dose nould

(Fi gure 327. < I nject elastomer 14 (Figure 33). 4. ‘Renpve bridge deck

panel and extrapiespfiaserA4ldetidsq85 &rd4bbtrom plate 11 and position assembly in
| mould with rigid foam and iaterior steel plates (Figure 31).
2. Position plugs 44 (with release agent) into sleeves 105. Position top plate 10
“and close mould (Figure 32).
15 3. Inject elastomer 14 (Figure 33).
4. Remove bridge deck panel and extract plugs 44 (Figure 34).

The benefits associated with prefabricated sandwich plate bridge deck
panels (mass production, robotic assemi;ly, uniform and high quality construction,
dimensional accuracy), elimination of all welding, and the elimination of all fatigue

20 prone details which restrict service life are equally applicable to each design
regardless of minor variations in geometry or cénstrug:tion details.

The benefits associated with the composite core are equally applicable to
the first embodiment. Other variations of the composite core include
incorporating shaped sections like channels, angles, I-shaped sections and

25 rectangular or circular hollow structural sections as internal shear plates 107. Steel
plates 107 may be in fact be metal members of any desired shape such as I beams.
Figure 35 illustrates various strucrural sections lél, 192, 193, 194 within the
intermediate layer. It may also be possible to use extruded aluminium sections as
the upper and lower plates in which the shear plates 107 are part of the extruded

30  shape that may interlock one with the other as illustrated in Figure 36.



The benefits associated with prefabricated sandwi ch plate bridge deck

panel s (mass production, robotic assenbly, uniformand hi agﬁ gw%lzhgﬁn
construction, dinmensional accuracy), elimnation of all d the

elimnation of all fatigue 20 prone details which restrict service life
are equally applicable to each design regardless of mnor variations in
geonetry or construction details. The benefits associated with the
conposite core are equally applicable to the first enbodi nent. O her
variations of the conposite core inclwuge incorporating shaped sections
| i ke channel s, angles, |-shaped sections and 25 rectangular or circular

hol | ow struct Lﬁtﬁér vaRaiohORsy 1ﬂ§udcﬂ§rﬁ@@@éek PhRAR b leBiftrddddd with RBH cord altes 107
may be in fact be netal nenbers of any desired shape such as | heans.

Fi gur e 35h3tpregst eetpngalay aynlas, Korskgmple wkélwe% Brdee g1 umﬂgw@k PAsl g, it hin

the int %h%%ﬁ&rﬁle‘l@‘ﬂs andf burf@briRbSOpdasls RAh ShivbEediOpittef 48d kddidi§ theakedimi ni um
sections as e upper and | ower plates in which the shear plates 107 are

part of tif@sYeRe E¢FEY 30 shape that may interlock one with the other as
illustrated in Figure 36. 2 6 MAR 2005 -12 O her variations may include
bri dge deck panels that are constructed with solid cores and that are not

r ect angulEpbogiyegt 3 Prefphsicated Brigpe Degk Banslrdetespteditgle 1ksymas®t bri dge deck panel s

in the gm%ggmqmﬂgﬁﬁggbg&gq&gq&dand curved bridges, panels with curved edge
girders and radially | ocated transverse girders. Enbodi ment 3:

Prefabri cat ed Brldge Deck Panels Integrated into a Permanent Structure

Providing a Caphiidbolinel, thd st@p Smﬂaljm Bl R Mastids BEpSTBE r@dterfal MY

injection of the plastics or material into the weld nmargip cavity

of a prefthbVeld meedn wvitdgk Rﬂ@é@(‘cﬁtﬁﬁéqld&ﬁrde?krﬂaée]&f BEA qayl%‘&t\x@ér\lpnf-ﬁﬁ@’r and

lover pl ab@s pPltesdf P blidlY A AG kel RAPBL cATBYI L inCRh bh@GheQpherl ald ek plaiRe e t he
upper and |ower plates have been attached to the bridge. The panels are

simlar thevelrss éttashedttﬂ the beidasn heiepelsl piseimilar ythosp of tbﬁ%?foridrf‘@sﬁm@fr@mpr ovi ded
Wi t h UppekedpPfilal thBle frb@ARUBSiIMp& hnd idveyBiibetwhion 4D @ elEd GAR: brigper structure

formng the weld margin cavities. In another aspect of the present
|nvent|oﬁmp¥ﬁ%¥@“ﬂ§"$¥%¢P&§H“&mﬁﬁﬁﬁ@ﬁﬁof manuf acturing a bridge deck

panel , the nmetheghatp aipeltor Mo pleli@it HlvERDn Qhert APrdviRE b RR11RA BBMadufichMNE a

bridge deck panel, the method comprising the steps of:

fabricating a metal frame;

placing said frame around a projecting block;

placing a first metal plate on said projecting block within said frame;

welding said first plate to said frame;

placing a second metal plate on said frame to form a cavity with said first plate;

welding said second plate to said frame; and

injecting uncured plastics or polymer material into said cavity.

In yet another aspect of the present invention, there is provided a method of
manufacturing a bridge deck panel, the method comprising the steps of:

assembling in a mould upper and lower metal plates, and a form, said form being
positioned between said upper and lower metal plates in said mould and leaving voids;

closing said mould; and

injecting uncured plastics or polymer material into said mould to fill said voids between
said upper and lower plates, said plastic material, when cured, bonding to said upper and lower
plates so as to transfer shear forces therebetween.

This method of construction provides a continuous structural bridge deck.

Prefabricated bridge deck panels are structurally stiff, easier to handle and provide all the benefits



ptaci‘ng said frane around a projecting block; placing a first netal plate
on said projecting block within said frane; welding said first plate.to
said frane; placing a second netal plate on said frane to f of Aﬁamﬁﬁy
with said first plate; welding said second plate to said frane; and

i njecting uncured plastics or polynmer material into said cavity. In yet
anot her aspect of the present invention, there is provided a nethod of
manuf acturing a bridge deck panel, the nmethod conprising the steps of:
assenbling in a nould upper and |l owgr netal plates, and a form said form
being positioned between said upper and | ower netal plates in said nould
and | eaving voids; closing said nould; and injecting uncured plastics or

pol yner mbREbAbatddHoRstRetion tdMUtd bhif bfilide stS@inds. 1o fferhliNeRYer 193F heUpper and
| ower plates, said Pkastlc_naterla , en cured, bonding to said upper and
5

i al ; .
| ower  plbaidesdeskpapslsdes the thinkrehodimrabranicihe b mefrenf selicrilastin or o OmRetiod of
const r UCtdoirubtidd\ak B SiomsyERribRY QUirBlal CAnthbabs thik bPeer shaskuctib 1 tabht cat ed
bri dge deck panels are structurally stiff, easier to _handle and_provide al
t he benefsprdyvich tpidgmgech pas] actsg apeifgstivg comppressioniipngs ios the serncsins gidsrhand; ¢ y
built briglggs. structures. The internediate |ayer 12 of the bridge deck
panels for the third enbodinment can either be nmade of solid-plastic or of a
conposite corld fh*mhoé?‘l‘e&fs"_‘tb?fé]@q wefabrcatgd §E‘i‘3¢_t5’éﬂ‘. paAf_’lfOD'th Meper Z¢flA9WErage of
this typgafs RS wdlddiitOfe bidde Q@ﬂfer%@tureﬁ@ﬂﬂ“‘aﬁ Mghichelaa A%% ifjadigh. acts as

e

€
an effective conpression flange for the supportin irders and beans. In
this enbddmpaistionpetheds upeddo spnatrushibe dried dn Mﬁqug@gﬂ%@gs manke similar i@os§pper and
lover  plpt&s ifPiate BErE TYpMallyOa EhRinbdus dEK iSURRRRIA Woubtitily Rith BlcBridder ti ght
cavities prior to injection. -Construction nethods used to construct the
"inject idckpanelabeing Weldrd inplages injpgipd gad Gphivhagreuted servigs as @ werkingkfomh pl ace
concr et e.forlfPée@oh ¥f th@n&PPdnk Shdlesdth bShERRBL hGlcgdastgaeential ly with the
bri dge deck panels being welded in place, injected and then when cured
serving as a working platform for the erection of the next panel along the
| ength of the bridge. In such cases, the 2 6 MAR 2005 WO 02/ 29160
PCT/ GBOL/ 03933



-13 bridge deck panel s nust be designed for the anticipated construction

| oads as well as the nornmal operating environnent, self Mg MAR Y traffic
| oads. Alternatively, if the bridge is |aunched, then the deck structure
will be WOREPIct ed sequential ly (wel di ng and i nj ecti ngPREHRVEPPLched

bri dge deck panels) 5 as the bridge is pushed out over the abutnents.
Techni ques descri bed el sewhere in connection with joining together the
netal sections of bridge deck panels according to-the present invention are
equally applicable to the third enbodi3ent. 10 Materials and General
Structural Properties. The upper and | ower netal plates 10, 11, and ot her
met al * part $riale bk pdaclk mpabedsigied ¢6 dhednidipated E@istrusitonddalls anyell

enbodi ment, are preferably structural _steel, as nentioned above, though
may al so bes thanarmalipperating enveepsmansstl oreight med trafficdeadsct ural all oys in

| N A V\A‘] | N N N h . N f. N
D oper i es ai e CUEEHITEY e PROPGT HRCRFS TP eRe Aa SR ae i nhmum  yi el d
strength ofeod4ANRR B\l (AR A iffbcril; defapherdk AUl bNEe a&aﬁ,raua.lgat es,

| ower pl ates and shear E s may be sol i1 d or perforated, may be plated or
have anys et Herbridge isqoshet eparet tiomabappedted or may be conprised of

different materials.and 20 haye, t hj cknesses varying from0.5mm to 25mm
Desired surfacelItaeFlé%‘El‘t‘Fér‘i%&n}fjééﬁj.sew o] %m%gﬂ%wfgé%ms‘ase pr e p

resi stance i : : N : t he
it er - our f San SRR B bilipe Eick panRiCCRIAPE) e ek iR POLIAY v
modul us of applaableab tlye thind @hbadimdesast 250MPa, preferably 275MPa, at the -

maxi num expected tenperature in the 25 environnent in which the nmenber is
to be used which could be as high as 100 C  The internedi ate | ayer shoul d

be bet n nd. 100Qmm thd ck. T ctility of the material of the
interrr;\glleag@”?ﬁ@ﬁ“ﬁ@%ﬁ%ﬂ%ﬁ%‘ﬁaﬁﬁ%@@ﬁ'i ng tenperature nust be greater

than that of the netal |ayers, which is about 20% A preferred value for
the ductility at |owest operating tenperature is 50% 30 The thernal :
coefficient of {lhevpptreaniddbwet mepsd plantsdPnildiad etheaymatal pasts obthealete WO

02/29160 - %ﬁnels described above for use with any embodiment, are preferably structural

steel, as mentioned above, though may also be aluminium, stainless steel or other

15  structural alloys in applications where lightness, corrosion resistance or other
specific properties are essential. The metal should preferably have a minimum
yield strength of 240MPa and an elongation of at leést 10%. The upper plates,
lower plates and shear plates may be solid or perforated, may be plated or have any
other sutface preparation applied or may be comprised of different materials and

20  have thicknesses varying from 0.5mm to 25mm. Desired surface treatments, e.g.
for corrosion prevention or slip resistance, or decoration, etc., may be applied to
one or both of the outer surfaces of the deck panels.

The intermediate layer should have a modulus of elasticity, E, of at least
250MPa, preferably 275MPa, at the maximum expected temperature in the

25 environment in which the member is to be used which could be as high as 100 °C.
The intermediate layer should be between 5 and 1000mm thick.

The ductility of the material of the invermediate layer at the lowest
operating temperature must be gréater than that of the metal layers, which is about
20%. A preferred value for the ductility at lowest operating temperature is 50%.

30 The thermal coefficient of the material of the intermediate layer must also be



2 6 MAR 2005 PCT/ GB01/ 03933 suffici entIy close to that of the steel so that
tenperature variation across the expected operating range w |ng
wel di ng, does not cause del ami nation. The extent by whi
coef fici Wt®28160t he two materials can differ will depenHCi”ﬁ;BBé(P:’t”%n the
el asticity of the internediate layer but it is believed that the 5 thernal
expansi on coefficient of the internediate | ayer may be about 10 tines that
of the nmetal l|ayers. The coefficient of thermal expansion nay be controlled
by the addition of fillers. If exposeld-to the elenents (weather) then the
pl astics or polynmer should be fornulated to be hydrolytically stable and
resistant tafficiehtlyaidsekethad efthadakl onhal@mperpeebdsnidadraselid al is a
pol yur et hane el ast oner V\hlchpggérprlses of a polyol (e.g. pol yest er or

pol yet her) expry&deneryiingaage weldgre, doesing syisy delamination. df
ext ender ae%(en gﬁt{hﬁﬁ;%d}mﬁerm{lcge@f it of’}taagcg%m%% IS CHPEREY will © rEduce the

thermal coé€ he™in erne uce | ost and

ot herwi se gepdddih pat\en BR)ebistdty @fft@@eﬁbfﬁ&mt Idyeeb & laﬁstha:ltwed thatrchber
additives, €.g0. to al ter mechani cal 15 properties or other characteristics

(e.qg. acﬁtesh@msénqaanaltoerwdﬁm@m ofrtésnm@ambe)te layeeimay be ebmectlﬁrcmnbatrray al so
be i ncl uded Low Slt f.or t osite coreg of e

e | ooty QB Raa THsAn et Bt BRreeg st ks S ole PARE e
preferred aél&iﬁ%'o?f@legsgn 4 QR 1BREe SIEfeals rg%athélzaten%t l:3qdepsi ty greater

t han 20kg/ m The trength between the &l astoner and netal |ayers
must be at pbbasér sheuﬂ,betfbﬁﬁehazﬂlty b6 hyieoloneilytshbleamtiredstapevat i ng range.

This is preferably achjeved by the inherent adhesiveness of the el astoner
to metal bultradelet degsadatigangd agents may be provided. Wil st- an enbodi ment

f th t ' t ed
That thi%S s 11 ISETEe oe A nse ok entag: P B PRI Ee Scope
of the inveplyddie.gdolfteler aegolly&htef)eo mrbdieldaﬁtsat;rmatelda atthfm*otymaﬁec the

di mensi ons o] ven are intended as_guides and not to be prescriptive. 30 WO
02/ 29160 a chain extender and a filler. The filler is provided, as necessary, to reduce the

thermal coefficient of the intermediate layer, reduce its cost and otherwise control
the physical properties of the elastomer. Further additives, e.g. to alter mechanical

15 properties or other characteristics (e.g. adhesion and water or oil resistance), and
fire retardants may also be included.

Low density forms for the composite core of embodiment 2 may be
constructed of foam, wood or hollow light gauge metal sections. The preferred
form is a polypropylene semi-rigid foam with a density greater than 20kg/m’.

20 | The bond strength between the elastomer and metal layers must be at least
0.5, preferably 6, MPa over the entire operating range. This is preferably achieved
by the inherent adhesiveness of the elastomer to metal but additional bond agents
may be prowded.

Whilst an embodiment of the invention has been described above, it should

25 be appreciated that this is llustrative and not intended to be limitative of the scope
of the invention, as defined in the appended claims, In particular, the dimensions

given are intended as guides and not 1o be prescriptive.

30



-15 CLADAS 2 6 MAR 2005 PCT/ GB01/03933 .1. A bridge deck panel conprising a

sandwi ch structure having upper and |ower netal plates an yd ?ﬁ{ljmédi ate
| ayer of a plastics or polyner nmaterial 5 bonded to said % ates so
as to tr‘é’r‘?s‘?z@fpl@hear forces therebetween. 2. A bridge ded&TFR3{%%dcording
to claiml further conprising a netal frame nounted to the periphery of
sai d deck panel, the web of said frame formng side walls around said
internediate layer. 10 3. A bridge deck_panel according to claim2 further
conprising at |east one internediate-btam wendi ng between and joi ned to
metal franme, the web of said internediate beamformng a side wall of a
space filled by said internedi ate | &yeAIMS5 4. A bridge deck panel
according to claim3 wherein said at | east one internediate beamis
attached to at | east one of said netal face plates. 5. A bridge deck panel

accordi ng t0 any ' r i oLl hvg\,{g,g{ i L met al

pl at e has 'z;['thi ﬁgggggé%&&ﬁgarcgﬁggkgj%aﬂon?% tgﬁgg%ﬁﬂgg?@ﬁ{%%&er 20 net al
pl ate has dowbi gknbphrdsnnt he ifrngediat ldyepof Hphstia o2 polfaadnsetial
internediate |ayer_has a thickness in_the range of from5 to 1000mm 6. A
bri dge declopderkio ket plftesso antp wrstessheasdornes thembsireenai ms wher ei n

sai d upper and lower netal plates are conprised of different nmetal s and/ or
are of 25 different thicknesses. and/or have different surface treatnents
applied. 72 A brA Pgegdéck faadekccaah@nd ichént 10f2¢hér eftpiing Renepdl €606H NY
clains wherein said internediate |ayer is fornmed of” conpact el astoner. WO
02/ 29160 - me2uel ikeze65hagUGE] Hedapsrl,ghe webrif dyd fewidopamelsideccor di ng

to claim1 erein said intermedi ate | ayer conprises a formand said
plastics orahsPiHd shgt Brrmed sttt occupi es the space
10 ‘ ,
3. A bridge deck panel according to claim 2 further comprising at least one

intermediate beam extending between and joined to métal frame, the web of said

intermediate beam forming a side wall of a space filled by said intermediate layer.

15 4. A bridge deck panel according to claim 3 wherein said at least one

intermediate beam is attached to at least one of said metal face plates.

5. A bridge deck panel according to any one of the preceding claims wherein
said upper metal plate has a thickness in the range of from 0.5 to 25mm, said lower -
20 metal plate has a thickness in the range of from 0.5 to 25mm and said intermediate

layer has a thickness in the range of from 5 to. 1000mm.

6. A bridge deck panel according to any one of the preceding claims wherein
said upper and lower metal plates are comprised of different metals and/or are of

25 different thicknesses and/or have different surface treatments applied.

7. A bridge deck panel according to any one of the preceding claims wherein

said intermediate layer is formed of compact elastomer.



bet ween said upper and |lower netal plates not occupied by said form 5 9. A
bri dge deck panel according to claim8 wherein said form cg%hsm f oam
and said plastics or polyner material is conpact el ast omeg | J grir dge
deck pan®C®E8H0ding to claim 8 or 9 wherein said form cdiffy¢BYLHINS
plurality of elongate el enents arranged generally parallel to at |east one
side edge 10 of said deck panel. 11. A bridge deck panel according to

~claim 10 wherein said elongate el enents span between said upper and | ower

metal plates and extend for substantialéy all the length of said deck .
panel so that said plastics or polynmer material forns a plurality 15 - of

spaced- apamt . elfobgdgeddckpanellaleorfidy odbmdetkepRnald peeeidinglalyer cl aim 11
further conprisjng at |east, one  shear plate bonded to one of said el ongate
ribs. 20 13omprises digempwdicaisariaticaetpelsimey masersilavmch peupsesshespase sai d at

| east one %hear %I ate has ]tsohr Qu halhjl es. 14. A (?hl dﬁg deck panel according
to claim PEYURS rup(?Sﬁ?ﬁ‘c} |WrF6 \PELEY MG URIEY Y S " bonded to one of
said elongate ribs to prevent shear between the 25 upper and l'ower pl ates.
15. A bridge deck panel according to any one of clainms 8 to 14 wherein said
upper and Sower Avbtidge dichtpeselaceordaigdotcbymt hrehesithsidftriraddoyprises y by

adhesi on tg sai i.ntfrrredi ate layer. 30.2 6 MAR 2005 WO 02/29160

PCT/ GBOI / 03958 ax ?ﬂé@.ﬂ%ﬁbﬂ?ﬁﬂiﬁﬂn teﬁéﬁ’élmﬁ’é’éﬁr%ﬁﬁnﬂo any one of clains 8
to 15 having no structural weld joining said upper and | ower netal plates.
17. A bridge deck panel or two bridge deck panels according to any one of
the 5 predadi n@\ biidgadeciipanelisocadig tplchdii T6r Divhpady id foted esihptisehas a
nodul us of . el asticity, E, greater than or egual to about 250MPa and a
ductility epbaabinnef %Wte gﬁm@maﬁe@%ﬁdgea % parpdel 1R %5 lsagrnegedaedganel  or

t wo briﬂpeog§a§§d9&n§4nsél_accor ding to any one of the

11. A bridge deck panel according to claim 10 wherein said elongate elements
span between said upper and lower metal plates and extend for substantially all the
length of said deck panel so that said plastics or polymer material forms a plurality

15 -of spaced—ap-art, elongate ribs.

12. A bridge deck panel according to claim 11-furl:her comprising at least one

shear plate bonded to one of said elongate ribs.

20 13. A brdge deck panel according to claim 12 wherein in said at least one shear
plate has through holes.

14. A bridge deck panel according to claim 11 further comprising at least one
metal member bonded to one of said elongate ribs to prevent shear between the

25 upper and lower plates.

15. A bridge deck panel according to any one of claims 8 to 14 wherein said
upper and lower metal plates are held together substantially only by adhesionto
said intermediate layer.

30



.10 preceding clains wherein said plastics or polyner has a nodul us of

el asticity greater than or equal to about 275MPa. 19. A bri dﬁ;qﬂmqm‘j)anel
according to any one of clainms 8 to 18 having at |east oné€& recess in at

| east on®OsB{28168] ates in at | east one side edge for receilPtTHgBUENIBp to 15
join adjacent |ike panels and transfer shear forces therebetween. 20. Two
bri dge deck panels according to claim 18 and an H shaped clip engaging
said recesses to join said deck panels together. 20 21. Two bridge deck
panel s according to any one of clains-¥/-to 18 having at |east one
transverse tube enbedded in said plastic material for receiving a male

net al sheai6.condebtidge deok panal acdirdingnd ahy kee phelains sand Sthashgfwey shear
forces there 1tifeflgwe , .25 22, A bri gqe deck papel according to any one of
clains 7 t&4@ Werfgloéﬂmﬁéﬂiiit}ﬁ%ﬁfém fleWAemEia Rlasi t hol es for receiving
bolts to join |like panels and transfer shear forces therebetween.

N. 80447A' WO JG. 2 6 MAR 2005 No7516_ P. 10. 'Vw45 23. A bridge deck panel

accordi ng 10 anw bidgeeck paddier fyd Bridkd dBRVIAEls TBIRNing t&IBY Bhe 8f @RVES
t hrough the thickness for receiving bolts to join panels t'o bridge 5
f r ami ngSnmeptrseding 2lumawbetedymidplestny oapolyenetmardaltn d gedibslofpanel

accordi ng- t;0_an ne of the precedi claims. 10 25....A net hod qf
manu act o PGS Er G5ereg HER GG o CHEu A hF Al o CHESs B8 of -
fabricati ngft]ﬁgagttapjarérg_arre, placing said frame around- a projecting bl ock;

placing a first netal plate on said projecting block wwthin said frame; 15
wel ding said first plate to said frane; placing a second netal plate on

said f lure to for cavit ith said first plate; ..
5.0 A bggg’e feck p%/new Or two %rigge deck paglels according to any one of the
- 10 preceding claims wherein said plastics or polymer has a modulus of elasticity

greater than or equal to about 275MPa.

19. A bridge deck panel according to any one of claims 8 to 18 having at least
one recess in at least one said plates in at least one side edge for receiving a clip to

15 joinadjacent like panels and transfer shear forces therebetween.

20.  Two bridge deck panels according to claim 18 and an H-shaped clip

engaging said recesses to join said deck panels together.

20 21.  Two bridge deck panels according to any one of claims 7 to 18 having at
least one transverse tube embedded in said plastic material for receiving a male
metal shear connector to join adjacent like panels and transfer shear forces there

between.

25 22, A bridge deck panel according to any one of claims 7 to 18 having a
pexipheral frame with bolt holes for receiving bolts to join like panels and transfer

shear forces therebetween.



wel di ng said second plate to said frane; and injecting uncored plastics or

pol ymer material into said cavity 26. A net hod accordi?ﬁ ggﬁcL ijm 25

wherein injection ports and vent holes for said step of 9 fij [ 03 are

e 5.924:d ) nsKEupliatigysai d second -pl ate or SR.L.Thisetal)
hoJ according to° or 26 wherein '9aivd’ ny

| east one internet e and is said step of
said franme around a projecting block, said frane is placed around at | east
two projecting blocks such that said internediate beans |ie between

adj acent proj eCtNMfQW@NLGE”pf angszeit _}é. Apr. 14:50 AMENDED SHEET a .
24Feb 2005 15:48:6 J A KEMP & CO0 2 6 MAR 2005 No-7516; P. 11, 4 ~ 11V

, WTt MBO447A WO JGL 1 -19 A method of manufacturing a bridge deck panel,
the nmethod conprising the steps of,. assenbling in a nould upper and | ower
netal plates, and a form said form being positioned between said upper

and | ower net al Jat Is j “«and 5 | eayi,ng yoids, ¢losing said
nmoul d, and i nj ectﬂ? n(gqﬁlr)fg%’?e ag}sifl%%é %Bﬂwxdﬂg?ér‘?gbﬁ"mﬁ@%i d noul d
to fill said vorislixewedrosgi die tlﬁqﬂﬁms&ﬂdechi@mglbc@taljﬁpm'g@wbmggst iC
material, when Cﬂiﬁﬂgmembm.

24, A b;ic_lge having a least one bridge deck pane] according to any one of the
preceding claims, ‘ '

10 25. A method of manufacmuring a bridge deck panel, the

_ method comprising
the staps of: )

fabricaring a metal frame;
placing said frame around a projecting blod;
placing a first meral plate on sid projecting block within said frame;
15 welding said first plare to said frame;
placing a second metal plate on said frame to form a cavity with said first
 olares .
welding said second plate to siid frames and
| - ~injecring uneured plastics or polymer materialfuro said casity. -
20
26. A method according to claim 25 wherein injection ports and vent holes for
s3id step of injecting are provided in efther said first plate, said second plate or said
meral frame. .

25 27. A method according to claim 25, or 26 wherein said metal frame jncludes at

least one intermediare beam apd in said step of placing said frame around a
projecting block, said frame is placed around ar least W0 projecting blocks such
that said intermediate beams Jie berween adjacent projecting blocks.

Empfangszeit 14.Apy. 14:50 . . = =
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bonding to said upper and | ower plates so as to transfer shear forces

t herebetweea. 10 29. A nethod according to claim28 wherei négt mm one
nmetal tube or at |east one sleeve is additionally position ﬁ sai d

‘8 pl at 8EMbéi@ye said dosi ng -sai d noul diostielr. PL5I130. A

uppe,

met I claim 28 or 29 § i d formconpriSes™a g

of el onga s and in said st nbl i ng, said el ongat e %

are placed insai dmoul dgener al | y parallel andspacedapa

r t so that said plastic material, when injected, forms a plurality of
spaced-apart ri b&8o420A $O KGIret hod accordijpg to clai m30 wherein in said
step of assenbling, at |east one shear plate is placed is said nould

adj acent at le 'omen&thbd@ﬁhanﬁb&wg &h@%aﬁﬁtﬁig@é@&tdg&% pol yrer
mat eri al bonds sa| shear plate as wel Feas o said upper “an Bl ower
metal plates. 2"3h Pr*ret hod according to claim31 corrprl si ng the further

t bef d | east
step, before said shkembBig ﬁ%&%&lﬂiﬁ&ﬂﬁﬁ@%; %ﬁ;ﬁ g%mg hgast one

of said plurality of e]ongate ts integra
plate. E(r)af ang‘ﬁa@qme veen emmsn&aﬂmmmdmmﬁdmd

5 leaving voidy

closing sald mould; and
jecting wncurad plastics or polymer material into said mould vo £l said
voids berween said upper and lower plares, said plastic marerial, when aured,
bonding to said upper and lower plates £0 15 1o transfer shear forces thereberween.
10 ‘
29. A method according 1o claim 28 wherein 4t least one metal tube or at Jeast
one sleeve is z&dmc:mally positioned berween said upper and Iower maerat p]ates
before said closing said mould step,

15 30 A method according to claim 28 or 29 wherein said form comprises a
plurality of elongate elements and in said step of assembling, said elongate elements
are placed in seid mould generally parallel and spaced apart so that said éﬁﬁstic
tmaterial, wheg injected, forms a pluraliry of spaced-apart ribs.

20 3L A method according to cliion 30 wherein in said step of assembling, ar leasc
one shear plate is placed in s2id mould adjacent at Izast one tlongate dement so
that said plastics or polymer material honds o said shear plate as well 25 1o said

‘upper and Iuwer metal plates,

25 32 A method according ro claim 31 comprising the fircher svep, before szid
 step of assembling, of injection mowlding at least one of said phuralicy of elongate
elements imegrally wich the or a shear plare.
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