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afs and covered . in situ with a concrete |ayer are known.
Advant ages of such structures include reductions in floor thickness and

costs during assenbly. One probl er% associated wth existing

COI'T'pOSi te structures concerns

bond between the concrete |ayer and the supporting steel beans.

FLOOR AND CEILING STRUCTURES

This invention relates to floor and ceiling structures and more

especially to composite floor and ceiling structures of concrete and steel.

Composite floor and ceiling structures which comprise a profiled steel
deck supported on the lower flange of steel beams and covered in situ with
a concrete layer are known. Advantages of such structures include
reductions in floor thickness and weight, ease and speed of construction and

savings in labour and cranage costs during assembly,

One problem associated with existing composite structures concerns
the need to ensure the adequacy of the shear bond between the concrete
layer and the supporting steel beams. '

It is an object of this.invention to provide enhanced keying between
the support beams and the concrete layer to ensure lasting connection
therebetweasn.

It is also an object of this invention to provide improved servicing
capabilities for buildings by including ducting in the steel decking and
through the support beams to act as air plenums, and using the ceiling/floor
structure to form either a full air-conditioning duct or as a thermally
transparent surface to enhance thermal efficiency and air flow thereby

reducing air-conditioning costs.

savings in | abour and cranage

the need to ensure the adequacy of the shear



It is an object of this invention to provide enhanced keyi ng between the
sypport beans and the concrete | ayer to ensure | asting connection

t her ebet ween. It is also an object of this invention to provide

i mproved servicing capabilities for buildings by including ducting in the

steel decking and through the support beans to act as air n nd
usi ng the ce‘????@?zf‘? oor structure to formeither a full ai&ﬁﬁﬁ’%? ni ng

duct or as a thermally transparent surface to enhance thermal efficiency
and air flow thereby reducing air-conditioning costs. WD 97/ 30240
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Preferably, each supporting beamis ro as a single piece wt rteﬁe wi dt h

of its | overbyAamguvariy andputwandly inglined sidegiurfacesufisyprarflegae platee to
define a supgPLidBedindvingtdrthed (ifits LpBLr S5iFice a plurality of grooves in a

pattern to increase bonding between the beam and its covering of concrete.

Preferably, each supporting beam is rolled as a single piece with the
width of its lower flange pléte greater than that of its upper flange plate to
define a supporting platform for the steel deck.

. Preferably the grooves of the pattern extend across the full width of
the upper surface of the upper flange of each beam and are inclined to the
longitudinal axis of the beam. The grooves may definé a generally
symmetrical diamond-shaped pattern.

Edge laps may extend outwardly from the edge of one or both inclined
side surfaces of one or more deck members.

The upper surface of each deck member and/or edge lap may be
formed with a dove-tail groove.

The profiled deck members may be supported at their ends on shaped

diaphragms secured to the lower flange plate of the respective beam.

Concrete may be pumped, poured onto or otherwise applied to the
upper surface of the steel deck and the supporting beams. |

A steel anti-crack mesh may be supported by the beams and/or the




Preférably the grooves of the pattern extend across the full wdth of the
upper surface of the upper flange of each beamand are inclined to the
| ongi tudi nal axis of the beam The grooves may define a generally

symmet ri cal di anmond- shaped pattern. _ Edge | aps may extend outwardly
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menbers. The upper surface of each deck nenber and/or edge | ap may
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supported at their ends on shaped di aphrag secured to the | ower flange
pl ate of the respective beam Concrete may be punped, poured onto
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beans and/or the WO 97/ 30240
deck Q\eef ore

PCT/ GB97/ 00239 .The sﬁape of the steel deck may be such as to%ro%'it?e%etween
concrete is applied to the structure.

?@ﬁeﬂfmttﬂ@ She8lgdeck and the

ack mesh may be supported by the

undersurfaces of its inclined side surfaces passageways for receiving ducting
for the flow of heating and/pr cooling medium, specifically air conditioning

ducting. The installed floor structure may act, in use, as a heat reservoir.

The invention will now be described by way of example only with

reference to the accompanying diagrammatic drawings in which:-

Figure 1 is a perspective view from one side of a supporting beam of
a composite structure in accordance with this invention;

Figure 2is a perspéctive view of the supporting beam shown in Figure
1 and steel decking of a composite structure in accordance with the
invention; and

Figure 3 is a perspective view of a composite structure in accordance

with the invention partially covered with an in-situ concrete layer.

As will be seen from the drawings, each support beam 1 is of
asymmetrical I-section and has a lower flange plate 2 whose width is greater
than that of its upper flange plate 3. This increased width'enables the flange
plate 2 to define a support platform for one end of a profiled steel deck 4
and steel diaphragms 5 (see Figure 1) on which the individual deck members
locate. The diaphragms 5 are secured to the ﬂange plate 2 before the deck
members are offered to the beams. Typically, the deck 4 is fixed at 600mm
centres using either shot fired pins or self drilling/tapping fasteners. The
diaphragms minimise concrete leakage and provide precise alignment of the
deck profile.

Each support beam 1is rolled as a single piece with the lower and
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The shape of the steel deck may be such as to provide between the
undersurfaces of its inclined side surfaces passageways for receivVving
ducting for the flow of heating and/or cooling nmedium specifically air
conditioning ducting. The installed floor structure may act, in use, as a
heat. reservoi The invention will now be described b of
exanpl e. onl y%ﬁ%’l‘?m@eference to the acconpanying di agramratlﬁ &H%”% I n

whi ch: - Figure 1 is a perspective view fromone side of a
supporting beamof a conposite structure in accordance with this
I nventi on; Figure 2 is a perspedrl ve view of the supporting beam

shown in Figure n t eel 03|te structure in accordance
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plate 2 \Ahoseeéyerémuyl ﬁhGF@ééﬂéctxdﬁ‘éﬂt&rﬁaéor%ol'% gﬁ flange plate 3. This
a

increased width enables the flange plate 2 to defin support platform
for one end of a prof| I ed steel deck 4 and steel diaphragns 5 (see Fi gure

i)ecape\dm!t ght Lgef : gﬁu e pl g‘%e&ﬁ ore ggim“e‘%a gbgﬁ‘g %gf e 83{ B the

beans. Typi calable A helaveck 4 is flxed at 600mMm centres using either shot
fired pins or self drilling/tapping fasteners. The diaphragns m ni m se
concrete | eakage and provide precise alignnment of the deck profile.

Each support TahlenAl is rolled as a single piece with the |ower and

| Section

Nominal Steel Thickness Beam Beam Imposed
Weight {mm) Load

Size {kg/m) Flange Waeb Span (m) Spacing (kN/m?)t
{m)

| 280 A58 100 16 19 8 6 5.0
280 ASB 135 22 25 7.5 6 3.5
or 135 22 25 6 7.5 5.0
300 ASB 3.5

1t In addition to a partition load of 1kN/m?

A pattern of groves 7 is formed in the upper surface of the upper
flange plate 2 of each beam to aid keying of the concrete layer of the
structure to the support beams and to produce an effective composite
structure. The grooves 7 extend across the full width of the flange and
define a diamond-like pattern. Typically, the depth of the grooves
approximate to Tmm to 2mm and are the grooves are rolled into the upper
surface of the upper beam flanges during production of the same.

As will be seen from Figures 2 and 3 the steel deck 4 comprises a
plurality of side-by-side elongate profiled deck members each having a ribbed
upper surface 8 bordered by down_wardly and outwardly extending ribbed

side surfaces 9, the upper surfaces of the side surfaces 8 defining troughs
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4~ uppér flange plates 2, 3 fornmed integrally with the central web section
6 of the beam Preferably, the beans are formed from S355 or Fe 510 (G ade
50) steel. Alternatively, Fe 430 (Grade 43) steel may be enpl oyed

especially whe ction criteria control the design. y |
specificati onsg\g#g?h%‘ge asymmetrical beans are set out in Tablpgﬁ-%m
Table A Section Nom nal Steel Thickness Beam Beam "1 nposed

Weight (mm) ~ . Load . Size (kg/ m

Fl ange Wb Span (m  Spacing (kN ﬁ"[ err])[err] c 280
,(AQB 1%20 ASB fégﬂaceiviré%c&ﬁcrete. +I3e golidified cgncretelayer %i%dicatoerd by r"ePerem_:L%5 _
22 25 num&al 10. Onersidle surface590of e&€H0 deEB mémber terminates in a7
7.5 7.5 outwarglv5ex%enldpngaqg;; t{PmﬁighaowP&Fiéé talncc)i~| rga%ageofbi&eJ( Igvy?{f%; "]

_ example, stitching, to the side or an adjoining lap of the neighbouring deck
member. Typically, the side laps 11 are stitched at 350mm centres with
self-drilling fasteners which also connect through shear bond clips of the
deck. The individual deck members are typically of a span of up to 6m. The
upper surface 8 of each deck member includes a dovetail groove 12 to aid
keying of the concrete to the decking. Each lap 11 may also include such
a dovetail groove. |

As will be seen from figure 2, holes are formed in the central wall
sections of the beams to receive service ducting 14. Between the beams,
this service ducting passes through three-sided conduits defined by the
under surfaces of the deck upper and side surfaces 8,9. Typically, the
geometry of the ribbed surfaces allows for up to 160mm diameter or oval
service openings for service runs. Typically, the holes formed in the beams

are at 600mm spacing in the middie third of the respective beam.

With the steel deck in place, a steel anti-crack mesh is supported by
the beams and over the upper surface of the deck before lightweight or
normal concrete 10 (see Figure 3) is pumped or poured onto the structure
completely to cover the deck and the beams, and then levelled.
Reinforcement rods are provided within the troughs defined between the
inclined side surfaces 9 of the individual deck members. The concrete is
used primarily for stiffness to increase inertia and to provide lateral restraint
to the floor at its ultimate limit state.

Typically, the floor will comprise a 60mm or 70mm layer of concrete
covering the steel deck, with a minimum of 30mm of this layer over the
support beams 1.




A pattern of groves 7 is forned in the upper 'surface of the upper flange
pkate 2 of each beamto aid keying of the concrete |ayer of the structure
to the support beans and to produce an effective conposite structure. The
grooves 7 extend across the full width of the flange and define a

di anond-1i ke pattern. Typically, the depth of the grooves approxinmate to 1
mmto 2nm and¥@P¥3%# grooves are rolled into the upper sur F&EECRIF/0§23
upper beam fl anges during .production of the sane. As wi |l be seen
fromFigures 2 and 3 the steel deck 4 conprises a plurality of side-by-side
el ongate profil ed deck menbers each havi g a ribbed upper surface 8

bordered by downwagdl y, and t dly. extendj ng ribbed side surfaces 9, the
upper surfaces o:‘l\ﬁf% stg eoé)g'?%l\%{?@g '8 Rj& q'ﬂ"'Mgg?'YBUGHQ and is typigphy Pf30240
PCT/ GB97/ 00239,25mm thickness. The ribs are typically at 600mm centr@s ah8%fhike\dedpih
concrete. Theﬁ lidified concrete layer is 1 ndicated by reference nuneral

10. One side ¢ koisgVPICRN Zhtmmne i fegkprtsrrs Bermanant fatmwarkity
extending | apblinWieoriuietd 8185 MAUeRIodi b Btiod Wittt Bliltrote.

stitching, to'the side or an adjoining l'ap of" the nelghbouring
Typically, the side laps 11 are stitched at 350mm centres with

-drilli ; ' J bond clJ f th
deck. The 1 ndi vi duaPPREGOEik Bodis bR YaEking 13 ibiAy el netdPeert ef g, Tne
upper surf acearage elenvgrithskgne Smapeam spadas 6 cavizesii Hoyrever, dfoit origer ai d
keyi ng of thedMﬁse(ubototﬁgnﬂeaC&ﬁ}gaI Iiﬁg%Q plrgips rln%yr@é/ néfieI e%,'ﬁ%'-,g chUCh a

dovetai |l groove.
is propped it is possibie to achieve economies in the beam sections when

construction loads dictate the design.

As will be seen from the drawings, elongate voids are defined below
the steel deck between the inclined side surfaces 9 and the upper surfaces
8. These voids can, in use, be employed as ducting for conveying heated
and/or cooled media to locations within the ducting in which the floor
structure is installed. To this end, valves, distributors, closure floor/ceiling
pieces and other necessary components can be installed such that these
voids defined in the structure can be employed as distribution ducting for
conditioned air, and from the ceiling finish to the compartments above or
below.

The composite floor structure can also be employed as a heat
reservoir. Thus, air rising through a thermally transparent ceiling below the
floor structure during the day heats the concrete layer which in turn heats
cooler air drawn into the building at night.

Advantages offered by floor structures in accordance with this
invention include speed and ease of construction, and alightweight structure
when compared to either reinforced concrete or pre-cast structures thereby
providing savings in steel and cranage costs. Also, because the deck
members can arrives on-site in bundles already cut to length, they can
readily be lifted into place and manhandied to form the required platform,
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As vvi:I |- be seen fromfigure 2, holes are formed in the central wall
sections of the beans to receive service ducting 14. Between the beans,
this service ducting passes through three-sided conduits defined by the
under surfaces of the deck upper and side surfaces 8,9. Typically, the
geonetry of th i surfaces allows for up to 160mm di anet l, -
servi ce openi nggé#@p;@ervi ce runs. Typically, the holes for rre?qrzé%%é&ﬂ%ans
are at 600nm spacing in the mddle third of the respective beam

Wth the steel deck in place, a steel anti-gcrack nmesh is supported by the
beans and over the upper surface of the deck before |ightweight or nornal
concrete 10 (segektiowcande éﬁedﬂﬂ?%@ni&fe&opﬁﬁﬂeﬁﬂﬁ%ﬁﬁs c@cr(%gBWd%s a safe
conpletely to cover the deck and the beans, and then |evelled.

Rei nf or cenent rwaeking ®Ipiferm dadthei canstruction rstegg andefi dryd weekingeareiahfor
inclined side syrfages WafoJAV oncrete,i s
used primrily rsti f??\ggrs]é ?gff}eﬁg{iygggﬁ%ﬁgrggigsaggg@f{i%c%%%slag?&Eﬂr
restraint to t hiiexibilityr inadetailingudf openings iandtvertiasicservices. Alsdy pitedl fixed,t he

floor will comptis (4 | ayer af concrete covepring the steel

deck, with a m‘ﬁﬁ@%ioﬁ%q%% %'Pgﬁﬁgé“l%ﬁﬁ'%\'ﬂé? aPﬁJ%‘ifﬁpg{"P" HyGture in its

WD 97/ 30240 entirety acts as a service plenum thereby reducing cost8Chf GRic80239

6 The steel, qf ..t he dgck IS.pre era%léyh al vani sed and i s typically of
t

f
1. 25nm t hi cknesDSt¥ANONS AAC QpPeratng copts, ArAne fopkng gf dhe Fesrectivh of
the deck is tymdldidge 225mm The deck acts as permanent formwork to

it will be appreciated that the foregoing is merely exemplary of
flooring structures in accordance with this invention and that modifications
can readily be made thereto without departing from the scope of the
invention as set out in the appended claims.




the in-situ concrete slab and devel ops conposite action with the concrete.
Proppi ng of the beans or decking is normally not necessary for the average
plan grid, e.g. a 9n1bean1span at 6m centres. However, for |onger deck
spans (up to 7.5n) a central e needed If the deck is
propped it is possible to ach| e ﬂllmmnm'mlnmﬂhe beam sections when
constructi onWOH24i ctate the design.t will be s&STGBIFMNIM e
drawi ngs, el ongate voids are defined bel ow the steel deck between the

i nclined side surfaces 9 and the upper surfaces 8. These voids can, in use,
be enpl oyed as ducting for conveying heat&d and/or cooled nedia to

| ocations within the ducting in which the floor structure is installed. To
this end, valves, distributors, closure floor/ceiling pieces and ot her
necessary conppAmvbEs can be installed such that these voids defined in the
structure can be enpl oyed as distribution ducting for conditioned air, and
fromthe ceiling finish to the conpartnents above or bel ow. The
conposi te flopr StA%HH&l%@o‘F%ehﬁ\geﬁchﬂ%ﬁﬁh Jﬁﬁﬁserseasﬁlr mcf sted/'US:
air rising through a thernal t ranspar ent ce|I|n

structure during tm'@%wmﬁﬂébv H@M@h&v ef les¢¢$5oerstﬂ/ai keamsieach hahagta&n

I d di ff db
loor structur o | SPashdg et bBRadlao? nper, ang) 1o 0 Blnds, Ahd oo’

of construction, oervesed |ughttum1§lhcos¢nem;tthedenh@nmlqwg aplurality éfhside-

rei nforced concret t e Vi di savings in
steel and cranage cos{depg% ?@?é ﬁgéé‘é@e%ﬁg% k ?%ﬁ%ﬁg 'Ié'ﬁg‘bﬁ ,apvggpgrn site
in bundl es al r eadygeneraliy horirgptal saffage bardered iyl dowawardly @mhdi slitwardRce and

manhandl ed to for r?nw neci s%ue sur?a@es, ti\e uerer flange plate of each beam having -

formed in its upper surface a plurality of grooves in a pattern to
increase bonding between the beam and its covering of concrete.

2. A structure as claimed in claim 1 wherein each supporting beam is
rolled as a single piece with the width of its lower flange plate greater
than that of its upper flange plate to define a supporting platform for
the steel deck. |

3. A structure as claimed in claim 1 or claim 2 wherein the grooves
extend across the full w_idth of each beam and are inclined to the

longitudinal axis of the beam.

4, A structure as claimed in any one of claims 1 to 3 wherein the
grooves define a generally symmetrical diamond-shaped pattern.

5. A structure as claimed in any one of the preceding claims wherein
edge laps extend outwardly from the edge of one or both inclined side

surfaces of one or more deck members.

6. A structure as claimed in any one of the preceding claims wherein the

bpper surface of each deck member is formed with a dove-tail groove.
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7: .erection can be speedily achieved. Furthernore, the deck provides a safe
wor ki ng platformin the construction stage and a dry working area for
apparatus, and the stlffenfed upperlJ m IH Hdeck menbers al |l ow for
flexibility in ng o opemn"l Bﬂwmg ﬂ ervices

fixed, thg decﬁ&%ﬁgfog“ag a diaphragmte resist si n+pl ane forceﬂﬁmm”
structure inits entirety acts as a service plenum thereby reducing
costs of service installations and operat iq1g costs for heating and cooling
of the respective ' building. It w be appreciated that the
foregoing is negel | r

hi o nventi on ind tHar Sed e ainirsRh oy o thb bfEoadidEisphe AFFeiehe
departing fromthe stmﬂéS@Ff&qeeofuQﬁmdgmlaasssietmwwtmatdweamdegrdede

cl ai ms. WD 97/ 30240
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8. A structure as claimed in any one of the preceding claims wherein the

profiled deck members are supported at their ends on shaped

diaphragms secured to the lower flange piate of the respective beam.

9. A structure as claimed in any one of the preceding claims wherein the
shape of the steel deck is such as to provide between the
undersurfaces of its inclined side surfaces passageways for receiving

ducting for the flow of heating and/or cooling medium.

10. A method of forming a composite floor or ceiling structure which
comprises supporting the ends of a profiled steel deck on lower flange
plates of I-section steel beams and covering the steel deck and the
upper beam surfaces with a layer of lightweight concrete, each beam
being rolled as a single piece with its lower flange piate having a
width greater than that of its upper flange plate to define a support
platform for the respective end of the steel deck, the upper surfaces
of upper flange plates of the beams being formed with a pattern of
grooves to assist bonding of the beams to the covering layer of

concrete.




1. A-conposite floor or ceiling structure which conprises a profiled

steel deck supported by a plurality of |I-section steel beans each
havi ng an upst andi ng web bordered by upper and | ower flange pl ates
and covered in situ with concrete, the deck conprising a plurality
of side- Yaekgle el ongate profiled deck nenbers each i '

upper 5332H3||y hori zontal surface bordered by domnmargﬁyﬁg%ganﬂp
outwardly i nclined side surfacesL tgg/ﬁpp fl ange pl ate of each
beam havi ng formed in its upper surface aeglurality of grooves in a
pattern to I ncrease bonding between the beamand its covering of
concrete. 2. A structure as clained in claim1l wherein each supporting
beami s rolled as a single piece witi<the width of its |lower flange
pl ate_ greater than that of its uppfr7figEge plate to define a
supporting platformfor t he sigel JOgCk A structure as
clained in claiml1 or claim?2 m% : extend across the
full width of each beamyand are ilndlizéd fia a!' | ongi t udi nal axis of

t he beam 4. A str gre of clainms 1 to 3 wherein

t he grooves de Zal di - ghaped pattern.
5. A structure as e precedi’n IFai s wherein

bot h i nclined side
A structure as clained in any
upper surface of each deck

edge | aps extend out
surfaces of ona

one of the precedi
menber is forned
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(57) Abstract

A composite floor or ceiling structure
which comprises a profiled steel deck sup-
ported by a plurality of I-section steel beams
each having an upstanding web bordered by

situ with concrete. The deck comprises a plu-
rality b:; sida-b{-side clongate profiled deck
mem each including an upper genersll
hoﬁmmlsurfaeeborduedbydownwuﬂlyaxﬁ
outwardly inclined side surfaces. The upper
flange plate of each beam has formed in its
upper surface a plurality of grooves in a pat-
tern to increase bonding between the beam and
it:e.overlng of concrete. Preferably, each sup-
porting beam is rolled as a single piece with
the width of its lower flange plate greater than
that of its upper flange plate to define a sup-
porting platform for the stee! deck.




