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est
met hod fyQp od@Sitgni Nng structural elements, particularly bupciis &;@%L\%@[‘y
structural beans. Wen designing or selecting a structural elenent to

performa desired function, a designer nust take into account a w de range
of factors, for exanple the load the elenent is to bear, the dinensions of
the el ement, whether openings are provided in the el enent and the cost of
the elenment. To optimse all the relevant factors can be a | engthy
process. In such a structural element, it my be desirable to provide one
or nore apertures to permt the passage of building services and to reduce
t'he weight of the beam In a structural element conprising generally

verti cal , such apertures may be provided in the web. An aimof the

i nventionﬁge-t %@980@&%@5"@3&“8@ R &BIbd of designing a structural
el enent . . h tor a f'-(r)st aspect of the invention we provide a nethod
of desi g#ﬁ%@ﬂ—%ﬁ@%l enent conprising providing a value for a
plurality of i8"RivBhBoR  rel{tes ShT & Gheildld ﬁﬂsag?g%dgguca 5Pleidniedf, | 0ads

to be supporte t hereby, performng an analysis culating a

plurali tyFQﬂiqiﬂ@ﬂyrﬁﬂt@mtchhgwedygtmcmgrmm_enent at a plurality of
di screte locations on said structural elenment, and displaying the results

of sai d anal ysiWhenegesigtiegeor selestingiet stnadtusil ealement $o tperfoomnpai desimd
aperture, .at | east .one of said paraneters nmgy be a pgrarreter of said
apert ure HHFLAN, ddesicaeranyst ke dntofcsprnt  ¥ydaagngs of fasterse fos examelsi g

oL et ur o SHGRE e RSLeh Rl Yy B ARASEL e L e SR R
pr edet ennppefings! drProVidelBin’tle A80nt and the cost of the element. To optimise
all the relevant factors can be a lengthy process. In such a structural element, it
may be desirable to provide one or more apertures to permit the passage of
building services and to reduce the weight of the beam. In a structural element
comprising generally vertical web, such apertures may be provided in the web.

An aim of the invention is to provide a new or improved method of
designing a structural element.

According to a first aspect of the invention we provide a method of
designing a structural element comprising providing a value for a plurality of
parameters of the structural element and a plurality of loads to be supported
thereby, performing an analysis step of calculating a plurality of properties of
said structural element at a plurality of discrete locations on said structural
element, and displayimng the results of said analysis step.

Where the structural element is to comprise an aperture, at least one of
said parameters may be a parameter of said aperture and at least one of said
properties may be a property of said structural element at said aperture.

The method may further comprise a comparison step of comparing at

least one of said properties with a predetermined criterion.



WO 01/52119 PCT/ GB00/ 01324 2 Said plurality of |ocations may conprise a
plurality of sections of said structural elenent |ocated to be 13 JUL 5004
| ongi tudiwﬁlomlqgsposed along said structural elenent. Th 1
conprise the step of displaying the section wherein a desired one of said
properties has a value having the greatest deviation from said
predeterm ned criterion. The nethod may conprise the step of changing the
val ue of one or nore of said pluralityaof paranmeters such that said
deviation of the value of said property fromsaid predeterm ned criterion

s reduced. A pSaidiplurmliof oplogations RayRbriytiseod putVoTeRHEAS FSARII NO
one of a plurality of predetermned criteria. Said conparison of eac ,
property afauetuslr elementdocatedrtodet domginatinally idisposed atoyg maidspressall as a
unity factoy such that where said unity factor is greater than 1, said
property i 13 | ure node. Said structural el ement may conprise a web and
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par amterssﬁd@yf@ietsmﬁlcdlmgﬁoﬂjhe nmet hod may conprise the step of
calculating a unity value for a plurality of properties for each discrete

| ocations, and The methbd mapeompriselilspstapiofahahgirgotatiadie of bhetdtanbeast
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met hod nayp;olf)'é}tp%oﬁos@& iplseedeicr}'reniﬁéf gri(tjgriorrrlaﬂur]:e Sééle ng a structural

A plurality of properties may be compared with a corresponding one of a
plurality of predetermined criteria.

Said comparison of each property and a comresponding predetermined
criterion may be expressed as a unity factor such that where said unity factor is
greater than 1, said property is a failure mode.

Said structural element may comprise a web and at least one flange and
said parameters may comprise the web and flange thickness and depth.

The method may comprise the step of selecting at least one of said
parameters of said structural element and/or said load applied to said structural
element from a library of predetermined values for said parameters and/or said
load.

The method may comprise the step of calculating a unity value for a
plurality of properties for each discrete locations, and for each property
displaying the ibcation with the least acceptable unity value.

The method may comprise an output stage of providing an output
comprise the parameters of the structural element.

The method may further comprise the step of manufacturing a structural
element in accordance with said output.

The output may be in a portable or transmittable form.




el ement in accordance with said output. The output may be in a p gt ﬁ@l?ﬁ or
transmttable form 13 JUL 2004 WD 01/52119 PCT/ GB00/ 01324 3 Accofth Qf'to
a secondyespagilioof the invention, we provide a structural mteaBoboisler e
said structural elenent is designed by a nethod according to the first
aspect of the invention. The structural elenent may conprise plate netal.
The structural elenment nay be provided with apertures. The structural

el ement may conprise a conposite beam 3According to a third aspect of the

i nvention, we provide a conputer programfor perform ng a _nethod according
to the first a<pesordimg tha seqond@spect ofshedinyeRyorowe prvide aswueturali t he

I nvention,,we proyide a,c ut wher e. progr a d wit rogram acgor di ng
to'the « nlReRbbrecsald RERBRISLe Rt iR B adnathod R B8 (e
i nvention %9& V] uring neans for manufacturing a structural
el enent, (f:igrrpr ggeé%ﬂg.egggpeﬁ er according to the fourth aspect of the

i nvention and aHepdiHicieEaleldifeAaY %H@n\g@@ﬂier}n@ﬁl_ output is supplied from

said conputer to said manufacturing apparatus to control said

manuf act uri ng &dfigestaiataral Abementimay be paowided lwitls peefturds. t he i nvention, we

provide a nmethod of manufacturing a structural elenent conprising

suppl yi ng an odihswstnioteral glementgnay coppoige aracaapesitt bearehe third aspect of

the Invention to a ,manufacturjng app tus to control saigd manufacturing

appar at us. | The AREIDE 10 2nEid AFRAF i Dt FRHEOHCOmYHE URMIACR SPBARIE mmy
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According to a fourth aspect of the invention, we provide a computer .

where programmed with a program according to the third aspect of the
invention.

According to a fifth aspect of the invention, we provide manufacturing
means for manufacturing a structural element, comprising a computer according
to the fourth aspect of the invention and a manufacturing apparatus wherein an
output is supplied from said computer to said manufacturing apparatus to
control said manufacturing apparatus.

According to a sixth aspect of the invention, we provide a method of
manufacturing a structural element comprising supplying an output from a
computer program according the third aspect of the invention to a
manufacturing apparatus to control said manufacturing apparatus.

The step of transmitting an output from a computer program may
comprise the step of preparing a data file. |

The invention will now be described by way of example only wf_th
reference to the accompanying drawings, wherein

Figure 1ais a side view of a first example of a structural element,

Figure 1b is a side view of a second example of a structural element,

Figure 1c is a side view of a third example of a structural element,

Figure 1d is a side view of a fourth example of a structural element,

Figure 2 is a side view of a fifth example of a structural element,



reference to the acconpanying drawi ngs, wherein Figure la is a side view of
a first exanple of a structural elenent, Figure 1lbis a side vie f”'ii?ﬂﬂé

second e Jégd? a structural elenment, Figure 1c is a side view
third exsﬁgp a structural elenment, Figure 1d is a si dPGHERPIIHINM

fourth exanple of a structural elenment, Figure 2 is a side viewof a fifth
exanpl e of a structural elenent, 13 JUL 2004 WO 01/52119 PCT/ GB00/ 01324 4
Figure 3a is a flow chart of a first stgﬁe of a nethod according to the

present invention, Figure 3b is a flow ¢hart of a second stage of a nethod

Third stage of LERenaa Y R o MBSt BHEE offe ikofind afordie todne °

present expeepét invBAtioR! hod according to the invention is intended for use
with structural elements conprising beans. Such beans are disposed in a

general |y hori zbiguat 3dr isemn flatw chattafir sedotd N8dd 0Pk Iﬁetﬂbﬂcﬁckerdiﬂé?diﬂ?@
support for a floor or roof. Such a beam may conprise a conposit beam

that is tHFcpANveRomtandht | east part of a concrete slab to provide a
floor, and the heamis kgﬁd to,said slﬁb by nmeans of projections on an
upper surface 6i3& BehHawcharieof 2 thudi stage of remethadibecarding teethet o as
a shear . ] - Slich a configuration permts a beamto be provided
havi ng a %ﬁg@?%g%%%‘ﬁgr to support a greater |oad than m ght otherw se be

possible in viagy TR NS rq epnti.gpall nprises a
plurality of such %eginhgfﬁg?r?\?gh ibﬁg?@epﬁq%r%cgaﬁﬁgga{é pt}rglgrrianr‘%nﬁgﬁnﬁs and
secondary ibteaded foneusecwitly strecturalbelepretPabaRFising behms! Sueh eanzemandary

beans, which extend

isposed in a generally horizontal orientation to provide part of a grid to
provide support for a floor or roof. Such a beam may comprise a composite
beam, that is the beam supports at least part of a concrete slab to provide a
floor, and the beam is keyed to said slab by means of projections on an upper
surface of said beam received in said concrete slab, referred to as a shear
connection. Such a configuration permits a beam to be provided having a longer
span or to support a greater load than might otherwise be possible in view of
the beam dimensions. A grid conventionally comprises a plurality of such
beams, conventionally referred to as primary beams and secondary beams. The
concrete slab load passes firstly into the secondary beams, which extend
between the primary beans, and thence into the primary beams, which extend
between appropriate supports, for example columns.

The beam may be prismatic or non-prismatic over part or all of its
length, and may have one or more apertures of desired shape as shown in the
Figures. Referring to Figure 1a, a structural element cbmprising a beam 10 is
shown with service ducting 11. The beam 10 has an upper flange 12 and a
lower flange 13 connected by a web 14. A pair of elongate apertures 15 are
provided in the web 14 located generally symmetrically about the mid point of
the beam 10. The upper flange 12 and lower flange 13 are not parallel, but
taper with increasing beam depth in a direction towards the mid point of the

beam 10. Such a configuration is referred to as a ‘single taper’. A point at



bet ween the prinmary beans, and thence into the prinmary beans, whi cl',1 ey end
bet ween appropriate supports, for exanple columms. The beam may be 33U 7004
pri smat iwo®1/sem9- pri smati c over part or all of its |engthpcyrcBoomys2iave
one or nore apertures of desired shape as shown in the Figures. Referring
to Figure ]J]a, a structural elenent conprising a beam 10 is shown with
service ducting 11. The beam 10 has an upper flange 12 and a |ower flange
13 connected by a web 14. A pair of elorgjate apertures 15 are provided in
the web 14 |ocated generally symetrically about the md point of the beam
10. The upphic 1¢ Dftha flanger 13 changes1i tefesTedbto panaa‘lcﬁengc point’ aager

hf
with increasing beamdepth in.a directjon towards . the md point of the
beam 10. saea&;a%ﬁﬂgﬁ%&%ﬁlwﬁ-eﬁ%ﬁhe@@qs&e thigknest as alsaereferrad (i nt
at 13 JUl L _200 \ég 01/?2119 PCT/ GB00/ 01324 5 which the angle of the
fl ange 1335i?aré‘ea§‘ PPBterred to as a change point' and is indicated at X

N the Figures. pfyfbafigengis"ebebl §5"RMIar SothaP of FiBhicda! But Frodded NaNge

point'. Figure OWs a beam simlar to I gure

provi ded whthhe®dtparey 119al Whetbier €id ipper Ullere f12ap8@ Ihvenflahgyers fak@nge
13 are generally ‘parallel, a configuration referred to as ~a ¢ranked
taper'. Tigenbeally pérallely a bonfigorgionsedemedi tol aspa cranked taper)r The dedmi 1) t he
web 14. Figure | c shows a beam 10 having a .central portion 10b wherein the
upper fla ¢p camprisesapund spgerutes L projaded an the wabdidi el , a configuration

17 are- provi ddiER aehagnat bER L08R BByl Seerieh, IO AR e
beam 10, Y sl 19 BRI STl Pl Pyl
with a sipeferePes hoir@odble thpée! ARG wierain a pulrl of Btangular apertures 17 are
provided located generally symmetrically about the mid point of the beam 10.
Figure i1d shows a beam 10 similar to that of Figure Ic but provided with end
parts 10a in like manner to the beam of Figure 1a, and with a single aperture 17
referred to as ‘gullwing’.

Figure 2 shows a beam 20 having an upper flange 21 and lower flange
22, interconnected by a web 23 provided with a plurality of circular apertures
24,

The configurations of the beams 10,20 shown in Figures 1a-1d, 2 are not
exclusive, but simply illustrate the freedom of choice of beam dimension and
shape available to the designer. The beam may be asymmetric, curved, tapered
or multi-faceted. as desired. The apertures 15, 16, 17 are shown located
generally symmetrically on the beam, but may be located anywhere as desired -
on the beam, whether symmetrically or otherwise.

Referring now to Figures 3a to 3¢, the various steps of the method
according to this invention are shown as a flow chart. The method may be
broken down into three stages, a first, input stage as shown in Figure 3a. an
analysis stage shown in Figure 3b and an output stage shown in Figure 3¢. In
the present example, the method is envisaged as being perfonmed by a

computer program and designer.




Figure 2 shows a beam 20 having an upper flange 21 and | ower flange 22,
I nterconnected by a web 23 provided with a plurality of circular hﬁecmq_%ﬁs
24. The ' tions of the beans 10,20 shown in Figures_la-1d, 2 are not
excl usi v%ﬁf&igml y illustrate the freedom of choice of Mfﬁ‘?ﬂ%i on
and shape available to the designer. The beam nay be asymetric, curved,

tapered or nulti-faceted. as desired. The apertures 15, 16, 17 are shown
| ocated generally symmetrically on the geam but may be | ocated anywhere

as desired on the beam whether symmetrtcally or otherw se. Referring now

to Figures 3a t i ' oL £li h S

i nvention are sﬁgvaﬁ ez;islﬁgt %/tlﬁgsveg E‘af%‘?ﬂﬁ’hcgimiﬁ%@n&maggr%ﬁg‘%%a%a\%ma{?%t 0
three stagése lead and hpgliw!il@n of dyebesmshie Whtdred Fl1a Wt 83 a %ama@%%h;f
stage shown in Figure 3b and an output stage shown in Figure 3c.”'In he
present exBapselectaik fremhed litsamnifs posttfimedbbeay peekproredlteynativetpnput er
program and desi.ggﬁ?g 13 JUL 20g4 WD 01/52119 PCT/ GB00/ 01324 6 In the

i nput st ag&UHP ERJYPeIRRY PePEwded bxitagdesigacni the beam and the | oad

d licati f,the ntered, In ste .1l a.beam.type ma be
el cored rom b 150 R hBdnh baam e enddpadis Browdtdelly Sk

t om sed : i ' I 1.2 to 1.5,
data on ¢ Bauks SPGIEN (RE LRAAISE o0 of sBof Gob Bhente] it BRiwisToe .
the beam i andnfernal bedim forein e bedthethealistalife RSB shanded BY theBehf &2
beam or an edge beam the distance to be spanned by the beam and the

di stance t theadjstanga thadjaceoh beanis e ach Tide. prifid peoftit ohehadekk tto e

supported by the am s, then provided., Again, the profile may be sel ected
froma |ib? RPrtﬁc{) ctner berrm lﬁrt[af:m IREevigeds hAgpia, she peoflef Bﬁ)’agprse?e@t&ded

profile  foma library of predefined profiles or the parameters for a preferred profile
may be provided. The floor plan is then entered including the orientation of the
deck, the location and number of secondary beams and beam restraint details.
Details of the concrete slab to be supported by the beam are then entered,
including the depth of the slab, the type and grade of the components of the
slab and of the reinforcement mesh provided in the slab.

At steps 1.6 and 1.7, the details of the load 10 be borme by the building
are entered, including imposed, service and wind loading, any partial safety
factors and the limits of the natural frequency and deflection of the structure.

In step 1.7, any load additional to those imposed by the floor plan and
loading details are entered, both point loads and uniformly distributed loads.
This input can be confirmed by displaying a configuration of a typical bay.

If shear connectors are to be used, the number and spacing are entered in
step 1.8.

In steps 1.9, 1.10 and 1.11, parameters of the beam are provided, in
particular, the top and bottom flange dimensions, the web depth and thickness
and details of any change point in the beam, together with the number, spacing
and size of any apertures in the web and the provision of any beam stiffeners.

The input stage thus allows the designer to provide the details of the

be-in shape, web openings, web stiffeners, beam geometry between change



may be provided. The floor plan is then entered including the ori ?r}t ation
of the deck, the location and nunber of secondary beans and beam el it

detai | s.woays2iies of the concrete slab to be supported by phg:gEasnee then
entered, including the depth of the slab, the type and grade of the

components of the slab and of the reinforcenment nmesh provided in the slab.
At steps 1.6 and 1.7, the details of the |load to be borne by the building
are entered, including inposed, servicefnd wind |oading, any partial
safety factors and the limts of the natural frequency and defl ection of

t he struct pomts andsdther parametens dsodebirddi Suchnpirahettianey ibgpsdested frame
floor plan and |oading details are entered, both point |oads and uniformy
di stribut ed library. of iedetenpined: shapes csnpanamedensy ofi yhexngi thg method 1s
configuratjon ypi cal bay. |If shear cqnngctor.s gre tQ,be used, the

ourtber andl@fakgafxﬁgtcapa hvepblsarostas ied bedeicrued bised Blegia 1. 11
t . .
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st age t huscahfianshé pe:aiﬁsﬂemqgﬁtetgﬂ,provi de the details of the beam shape,
web openi ngs, web stiffeners, beamgﬁomatry bet ween change WO 01/52119 13

JUL 2004 PCT/ GBbeotigzdesiredarhies fandhost parametarseheys besnauovided, thech
par anmet ers ngy be selected from 3 | i brary of predeterm ned shapes or
par anet er saNYFYSIHHIEE 1SHACAPE €€. inplenented on a conputer program may

be determ ned PRI AIAM Flalshe 6B 5SS SH AE' dpL e "o
di spl ays "RifoRfafibRWsd8dvh&her the beam is composite or not and whether it is to be
propped or not, and the steel grade. Checks for three calculation conditions
are then performed in steps 2.2, 2.3 and 2.4 in Figure 3.

Step 2.2 is the so-called “normal condition™ where checks are made on
the properties of the beam in situ in a finished building i.e. when the structure
of which the beam is to form a part is complete. The ultimate limit calculations
are performed for a plurality of properties at each of a plurality of discrete
locations, in the present example discrete sections disposed longitudinally
spaced along the length of the beam. The sections may be equidistant from one
another or may be spaced otherwise as necessary. In step 2.2, the applied load
is first calculated and then four main propertics calculated;

I the vertical shear force on the beam and the bending moment,

2) the interaction of the bending moment and vertical shear,

3) the lateral torsional buckling of the beam, and

4) the concrete longitudinal shear resistance.

Further properties which may be calculated include any necessary
transverse reinforcement, and the weld throat thickness.

The calculated values are compared to a predetermined criterion and a

unity value calculated for the discrete section having the least acceptable

calculated value of that property.




confirmthe paranmeters entered. Once the desired values for these
paraneters have been provided, the analysis stage is then perfor dur
Referrin ﬁgyygﬁg’ Figure 3b the anal ysis stage asks for fu‘rtil}'qr B@E ravelflon
as to whether e beamis conposite or not and whether it i's {% r opped
or not, and the steel grade. Checks for three calculation conditions are
then perforned in steps 2.2, 2.3 and 2.4 in Figure 3. Step 2.2 is the

so-cal led "normal condition" where chec are made on the properties of
the beamin situ in a finished building™ .e. when the structure of which

the beamis to MogRity vahid fdrsa SRER ﬁﬂoﬁelt'l?ri?-a Mﬁliegéiifglfu'egﬁgrcaﬁﬂk%&h%lons

are perfornmed for a plurality of properties at each uralfity o

di screte thecedlcwdated valueifer prgiventpropenty hecels toy preziesatiined eritérieins i

| ongi tudinally spaced along the |length of the beam The sections nmay be
equi di st antherunity vHue i3 gseater than hethivimdigasesa failvrermde ias theecalsslated | n
step 2.2, the ljed logd i first -calculated and then_fqur majn

propert i es"QHFgﬁﬁ)sa{%@,ee&?th@a?m‘E cReEon. 1 fy valusy ofht $hows dhat thee
bendi ng no , L.n ' t bendi.n nt and rti.cal
shear, 3) ?ﬁg&logtt%éry&for .‘L’g‘#}ﬁ’ gﬁ%ﬁﬂhﬁg&%pcf:ﬁ_“ g%gﬁg%}ﬂﬂ anﬁ)aﬁllﬁés crete
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i ncl ude any necessary transverse fei'nfdrcenment, and the we t hr oat

t hi ckness. critesiac dh practice] optimiestion of dondesign réquiresphadeidr wminedaloeibeer i on
and a wunity value calculated for the discrete section having the |east
accept abl desgianbutiapproachiagdl  Thetuninopdueynaywbecnladated by calculazing

01324 .8. . )
PCT/ GBOY e ratio if the calculated value with actual forces in the element.

Where the beam comprises adjacent sections having differing tapers,
properties relating to the stability of the web and flange at or near a junction
between two such sections is calculated. The properties comprise:

1) the maximum change angle, ie the maximum difference in the angle

of taper between the two sections,

2) the web buckling resistance, and

3) the web bearing resistance.

For the web buckling resistance and the web bearing resistance, the calculated
value is compared to a predetermined criterion and a unity value calculated for
the discrete section having the least acceptable calculated value of that
property.

Where the web i1s provided with one or more apertures, further
calculations are performed at a plurality of points, in the present example
around the aperture. ‘

Using the results of these calculations, a unity value for each of the
following properties, each representing a failure mode, is calculated,;

D modified calculation of vertical shear,

2)  interaction of vertical shear and bending moment,

3) Vierendeel capacity,

4) web buckling capacity, and



A unity value for a given property is a unitless val ue indi cating1\%h

t her
the cal cul ated value for a given property neets the predeterm ned ﬁ”- 2004
criteri Qppolfzipdhe unity value is greater than 1, this indpepiciedihgi | Ure
node i.e. the calculated value fails to neet the predetermned criterion.
A value of | shows that the value of the property exactly neets the
predeterm ned criteria, and of less than | shows that the value of the
property is nore than sufficient to neey the criteria. In practice,

optim sation of the design requires that each unity value be [|ess than but
approachi ng 1. 5khe uwebyposehogizontal BRegal cul ated by calculating the ratio
I f the calculated value with actual forces in the elenent. Wiere the beam
conpri ses adj adanthessext step Ba¥iofigthei analysisstagnethe, sosalpdrconstruationt i ng
to the stabiljfy,of the wep and flange at or_ near junction _between two
such sect CORdition’ dhe pEpRedies Ofifhe bﬁé{i‘eﬂfﬁi%ck@ig?ﬁ 'glézcoﬂﬁ“ﬂ%“fh&%i ififinchange

angl e, ie_the maxi.mum di £f erence in theangl of_taper ,be e he. t wo
secti ons, s’ﬂle’?we%%l (AP 297 gctgesffrg%ﬁcgl%ogrfgabﬁ)‘s tall?gﬁﬁgb bﬁ"g’r? wing
resi stanc ro;ﬁﬁﬁ%?ﬁe@ﬁ@c@&:k' i ng resistance and the web bearing resistance,

t he cal culFat'e ue Is cOnpared to a predetermned criterion and a unity

val ue cal cul at 49 f orintéraetiéh S6f €ie beadingomdiaghngapdin) aadt vatieaPishddre
cal cul ated value of that property. Wiere the web is provided with one or

nore apertures, furtdapacityahdht absens cfithe pentortesthbatand plurality of
points, in the present exanple . around_the aperture. Using the results of
t hese cal cul at Pdns, thedatery! tpasigaakucklmgrefghetheam 1 ol | owi ng properti es,

each representi a failure node, i al cul ated; ,1) di.fied cal cul ati on of
vertical shear WHST APERULES 8k Brovided M dhe dvehy; g foTtominie Ryomsii e 3)
Vi er endeel, .ARAEY f¥r a section through the centreline of the or each aperture as in step

2.2 above;
1) modified calculation of vertical shear,
2) interaction of vertical shear and bending moment, .

3) Vierendeel capacity,

4) web buckling capacity, and

5) web post horizontal shear.

Again, the calculated value for each property is compared to a
predetermined criterion and a unity value calculated for the discrete section
having the least acceptable calculated value of that property.

In step 2.4 of the analysis stage, the “serviceability condition”, the

following properties are calculated.

1 concrete compressive stress
2) steel tensile stress
3) steel compressive stress

4) natural frequency of vibration of the beam

For each of these properties a unity value is calculated as in steps 2.2
and 2.3 above.

In the serviceability condition, a check may also be made on the

deflection of the beam, The deflection checks may include, in the construction



4) web buckling capacity, and 1 3 s!.JL 200A WO 01/52119 PCT/ GBOQ}3132'4 9
5) web post horizontal shear. In the next step 2.3 of the analysis t»ge‘gefﬂgg

the so-c 4)3& . (ignst ruction condition' the properties of the beam are
checked f fd'%ondition when it is in situ but when no |RSFdGBEY324 ;om a

floor slab, is applied. The followi ng properties are checked; 1)

I nteraction of the bendi ng nonent capacity and vertical shear capacity in

t he absence of the concrete slab, and 2) the lateral torsional buckling of

the beam Were apertures are provided i the web, the foll ow ng properties

are cal culcghggtidmpr ) t t | t he or each
aperture as |gﬁg§ épmef§gcg§%g;dyf@éﬁgai$ﬁgg%ﬁgﬁﬂéﬁ%JHPBFS\P&‘HH{QPP%ear,
2) i nt er actin ¢the mormal tonditioaheke dafidchendid do i .
capaci ty, 4) web bucki i ng cdgl?)acity, Gnd - 5) mbﬂggé%l%%%i%{gﬁs{@?%%ﬁl

Agai n, t hedead dords sy hemal¢uatedacin the bsist of the compasies! beamPproperties,
predet er m ne& cri teqi n and a unity value calculated for the discrete

section h&0fRf0a] : ﬂa@?@ktl@op@fw%l dhedeflartion ohecksin thequesant. | n
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steel tenspldietdintmtd Soriferfa® preAHPE 43S Ve dibighes for example the maximum
acceptable total deflection of the beam. In the present example, the deflection
checks are optional and any or all may be selected or omitted by the designer.

At the display step 2.5, cach property is displayed, together with the
‘critical value’ the corresponding unity value for a discrete section having the
least acceptable calculated value of that property (usually the maximum value),
or other indication of the comparison with a corresponding criterion, or
calculated value for the property, as appropriate.

If at step 2.6 the critical values are acceptable, the designer proceeds to
stage 3 of the method. Where a unity value exceeds 1 as in step 2.7, the value
for that property in the relevant section is ‘critical’ and hence likely to lead to
failure of the beam. The infonmation thus displayed draws the designer’s
attention to where the beam is deficient. The designer may then revise the
values of the parameters (step 2.7A) and supply the amended parameters at the
input step 1.10.

The designer then returns to the input stage to modify the beam details
accordingly.

However, when a unity factor is substantially below 1 (step 2.8), this
indicates that the beam is over-designed for the intended load. To reduce beam
weight, cost etc. it is desirable to increase the unity factor towards 1 whilst
remaining below 1, thus optimising the design. The information displayed thus
permits the designer to quickly identify those sections of the beam where the

design can be optimised and revise the beam parameters accordingly (step

2.8A). The revised beam parameter values are entered at step 1.10.




4) natural frequency of vibration of the beam For each of these 9r3opqr}ﬁh6es
a unity value is calculated as in steps 2.2 and 2.3 above. In the ™~
servicea '#hilggci?ndition, a check may al so be nade on the deflection of
the beam' The deflection checks may include, in the constrJc¢TGROYAIA,
2004 WD 01/52119 PCT/GBOO A 324 10 condition, the self weight deflection
of the beam when propped or unpropped. In the normal condition, the

defl ection due to inposed | oads and superi nposed dead |oads may be

cal cul ated on the basis of the corrposite“beam properties, and a total

defl ecti h o Lecti in th

examie do not GRS bREishahAbeaRE baiinCiait Sl yihutile e Fafhated

predet er i ﬁﬂ.ﬂ?(fabidiﬁ icaneopedBnbY ifc'i'@ti@éi?ilﬁﬂﬁ,r at §Rb £yamml Eﬁﬁ@&l f%%&ﬁ”m
tota n tne e, e

accept abl e | deflection of the beam . present’ exanp

def | ect i onareclaecéptabley jopt thenahitgnfhcasns sre alll bekyv be bue! KEfieéndly elbskt ed
by the designer. At the display step 2.5, each property is displayed,

t oget her wihegetonfor therdasigmto ha| suéficiendycoptimisednanchtheumiethyod preeeetlono a
~discrete sgction pavi ng the |east acceptable calcul ated val ue of that
property (ﬁ‘:ﬁﬁﬂ‘@? #498Cmaxi num val ue), or other indication of the

[ ith ' ' Is . I | at.ed val ue for the
oroporty. s apit SR IGERRCAHLE S hIdh 8 Fighle 3¢ s deA S art Sulpu & stép
t abl t ' ; ; t :af t . it
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rel evant sWwitdmthd beanr paraoedtersanct banue, tickphiarictelseafdyt be sﬁ?blib‘ﬂ §s0f the
beam The infonnation thus displayed draws the designer”"s attention to
wher e t he praaiedi doeinert, dntfor Bxamids iagstandamly ferneat, oewase bt hepplial ussa of

e RS Sordcinpulet 'daka fnd i ol Appromiart format, Tor example of & computer dise, of |
tape, or any other medium, or displayed on a screen, or in any form as desired.
It might be envisaged that such a data file could be, for example, transmitted by
email to the client and/or to the beam fabricator. At step 3.2, the*process is
then repeated for all beams for which design is required. Finally, at step 3.3
when the parameters for all desired beams are all specified, it might be at this
stage that a supplier may be contacted for details of the design, supply and
fabrication costs of the beams, or the closest match from a library of
predetermined beam types may be indicated and selected accordingly.

When an appropriate final design is arrived at, a cost may be calculated
for a structural element according to the design, fabrication drawings prepared,
or indeed a manufacturing apparatus be controlled to fabricate a structural
element according to the design. Such a manufacturing apparatus may for
example comprise cutting means to cut sheet metal to provide a web part and/or
flange parts of desired shape, and may further cut apertures in the web part.
The manufacturing apparatus may further or alternatively comprise welding
means to join the web part and flange parts to form a beam. Such an apparatus
is disclosed in our co-pending application no. GB9926197.6. Of course, any

appropriate manufacturing apparatus may be used as desired. Where the



The designer then returns to the input stage to nodify the beamdetails
accordi ngly. However, when a unity factor is substantially bel ow1l3 (it ggos
2.8), this indicates that the beamis over-designed for the intended | oad.
To reduc¥BAYAM1}ei ght, cost etc. it is desirable to increRECT/GHUOIF4 y
factor towards | whilst remaining below 1, thus optim sing the design. The
I nformati on di splayed thus permts the designer to quickly identify those
sections of the beamwhere the design can be optim sed and revise the beam
paraneters accordingly (step 2.8A). Thé2revised beans parameter val ues are

entered at  She ' L2004 01/521 PCT/ GBOO 01324 11, The
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sufficiently cl dde provisieh @ffoplurdlérydsfSitandre Heanspiratdtentinya Arhy s€d and
the nmethod proceeds to the output stage. At the output stage, as shown in
Fi gure 3c Pa@ ofdhepregramethustiuahenacceelaptes3hd design peocassiby providinigtbiat o a
data file, or inﬁi‘?‘ﬁ: t her format ais desired, Wen the beam paraneters are
out put, t h¥P&CL eRaFapsters phthebeam nged pet be sepplind by the desigher.

I d , b l.i ed . d file i
nappropr i at e 18P ke Mertfed RRtihotnd s GoistNRR I apte”detain,
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by enmil c¢acalationldfeht ﬁﬂ?éﬁesb@tﬂ@ﬁeﬂﬁ@ﬁpﬁ@d&éﬁﬁh@ﬂ seffiord Ppov?l,dgs Edrhe"
process is. then repeated for all beans for which design is tequired.

Final Iy, disterdmmementation ofithepanalysis stagefthen girtvidaslyr kxbwaaeshaigees| |

specified,.it mght be at this tage that a supplier may be contacted for
dgt ails oflOf 6% ;&%xtesqjﬁgept ggﬁiymg and elastic ana ylgls progran%s.

Detailed discussion of analysis stage.

Step 2.2 Normal Condition
The self weight loads are calculated in addition to the uniformly
distributed loads and additional loads specified at the input stage, using the dry

density of the concrete, and adding the weight of the beam and decking.

Section Sheér Check:

When checking the section for shear force Vonly, the shear capacity is
calculated ignoring the contribution of the concrete slab. Therefore reference
must be made to BS5950: Part 1 cl. 4.2.3 (shear yielding resistance) and
cl.4.4.5 (shear buckling resistance). A cross-section web is classified as thin
when d/t exceeds 63¢ (with € =V{275/p,}). In this case the software uses the
procedure proposed in BS 5950 : Part 1 (Annex H2) “Shear buckling resistance
utilizing tension field action”.

The critical location is at the left hand support where in this case the

web is not thin, the shear yielding capacity is calculated: P, = 0.6 p,A..
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Since BS5950: Part 3 does not cover the case of non-symmetrical beams
the minimum degree of shear connection is calculated according to EC4
cl.6.1.2. For equal flanged beams with span between 5 and 25 m, EC4
recommends: No/N,> 0.25 + 0.03L.

Interaction of Bending Moment and Vertical Shear:

Vertical shear capacity:

In case of interaction with bending moment, allowance has been made
for the contribution of the concrete slab to the shear capacity of the section.
This is calculated according to the rules for punching shear BS5950: Part 4.

Where the web is not thin, failure occurs by yielding and the shear
capacity is calculated according to BS5950: Part 1 cl. 42.3.

The concrete shear capacity is calculated multiplying the concrete stress
times the effective area of the concrete section. lts depth is equal to the net
thickness of the slab while its width is equal to the steel top flange breadth plus

1.5 times the flange net depth on each side of the beam.

Bending moment capacity:




The self weight |oads are calculated in addition to the uniformy
distributed | oads and additional |oads specified at the input stagefiiuging

the dry | of the concrete, and adding the wei ght of nd
decki ng.wég)(li:l’?lhtol% Shear Check: Wen checking the section fo?é@ﬁggﬁgj%?ce
only, the shear capacity is calculated ignoring the contribution of the
concrete slab. Therefore reference nust be nade to BS5950: Part 1 cl.

4.2.3 (shear yielding resistance) and i .4.4.5 (shear buckling
resi stance). A cross-section web is clasSified as thin when d/t exceeds 63

E(wth E =I{ 2%8kp; s ' : sef t . MSES r dur e
proposed in BS ?g‘%ol‘?ﬂ gf'dtlﬂ?f Fkﬁﬁgﬁ%ﬁf&ghéghe r\e@%ﬁﬂ?#n@ r%ég?%'?d;n?éﬁ 1
utilizing Appendix B2pishuad ioodetind iR depth bf dbntRéain eam?eﬁqﬂ ge< ght- hand’
support where in this case the web is not thin, the shear yielding
capacity iBp &MY alteteplites theOnét dypthvof B 6lkb52019 NJ i3 c2RAleting the

PCT/ GB00/ 01324 Degr eg of Shear Connection: The degree of shear connection
i s def i nedbendiingeapaginpobtiarempesite sestiondor partial sheaioteraction.s that are

provi ded and thg nunber connectors ecessary for full,jnteraction. This
has been cal culﬁi§W@655Pmrﬁﬁfﬁjﬁa%§ﬁg§§%e%%t@tblﬂ midsspamis ggiculated o
where Q i ' f ry g0 [ Sl:tl rgqi ons
e oD, kPR BEUq! panSERLA ONIREL U WP ROLING SIRABRES! 68 00
in the congisginge Hetween #lic Potntd Vfer® momEhMSRARTith the spARBIthe bdarm,S
taken as the smaller of Apy and 0.45 L tines the area of "concrete wthin

t he ef f ectandetherefge dygt+ AnL/&i fde efeabe: whiththas peetvassumed asVireatlpe case

of non-symmetricagl beams the_m ni num degree of shear connection is
cal cul at edva¥Hg 2lPRg the depth of the beam, and its value at the supports is zero.

BS5950 Appendix B provides a range of formulas to calculate the plastic
moment capacity for sections with equal flanges. This software has used more
general equations, valid also in the case of non-symmetrical sections.

Where the case of low shear interaction applies no reduction of the
bending moment capacity is necessary.

In “full output™ at the output step the relevant data necessary to calculate

the moment and shear capacity in each section are provided.

Longitudinal Shear Resistance Check:

The longitudinal shear connector check is carried out in accordance with
BS5950: Part 3 cl. 5.6. The design longitudinal shear force per unit length is
calculated according to cl. 5.6.2. 1t is given by the ratio of the longitudinal
force that can be transmitted by each group of studs to the spacing between
each group. In-_order to take account of the actual maximum longitudinal shear
stress that can be resisted by the concrete flange, the longitudinal shear force is
reduced by the ration of the applied factored moment to the moment capacity of
the section for the actual degree of shear connection. Effectively, the shear
stress Is considered to vary in proportion to the moment ratio. For composite

slabs, the longitudinal shear force is critical along the vertical planes parallel to




cl.6.1.2. For equal flanged beans with span between 5 and 25 m EC4
recommends: Na/Np > 0.25 + 0.03L. Interaction of Bending Mnent ang !l 004

Verti cal wahegsari9/ertical shear capacity: In case of i nteracl;‘i_.ﬂ& %11324
bendi ng nonment, allowance has been nade for the contribution oP e

concrete slab to the shear capacity of the section. This is calculated
according to the rules for punching shear BS5950: fart 4. Wiere the web is
not thin, failure occurs by yielding andsthe shear capacity is calcul ated
according to BS5950: Part | cl. 4.2.3. The concrete shear capacity is

cal cul at edtheudireptiphngf tthe bearor kicatest imsthe posisn tdfendhimem skabadeptinf t he
concrete section. Its depth is equal to the net thickness of the slab
while its thegefiore theynitiforee onsack planeisy v FadhGeMy MM plus 1.5 tines
the flange net depth an each side of the beam Bendi ng nonent capacity. 13
JUL 2004 WO 01/52119 PCT/ G800/01324 14 The | ongitudi nal shear resistance

Rg (defi ' 595Q. dix_ B2) j d to defi t he depth of
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the slab (DI - B) IMNCHEUBLLRY I the shRNEBNREAP ALY 16 NG, SAROSI L e
section for parti al shear I nteraction. Isn si ngly supporte eans, the

effective width at nihciifidi forcthkcedset 68 snalscanbeddbdt th RSESRIPositardat? cl .
4.6. Since the beamis sinply supported, the distance between the points

of zero nonent is equatcardingte elpa.@f the beam and therefore Beff = 2
L/ 8. The effective wi.dth has. been assunmed as |jnearly varying along the
depth of the beans, &nthe minimymepasng R heshisis is” zero. BS5950 Appendi x
B provides a range of forrmulas to calculate the plastic

In order to allow for the possibility of lap joints close to the beam
position, in calculating the resistance to splitting of the line of shear connectors
(i.e. transverse reinforcement check) the deck contribution (according to cl.
5.6.4) has been ignored, .

In calculating the concrete shear area per unit length the net minimum
depth of the slab is used. The longitudinal shear capacity of the concrete flange

alone has been calculated according to ¢cl. 5.6.3: v, £ 0.8nA.. Vf.,

Transverse reinforcement check:

In this case, no reduction factor has been used for the design
longitudinal shear force.The transverse resistance of the concrete and the mesh
are calculated according to cl. 5.6.3: v, = 0.7A,. 1, + 0.03nA., ... Since this is
smaller than the longitudinal shear force, additional reinforcement is necessary
which is determined according to: A, = (v - v)/0.7/,. "

The cross-section area of additional reinforcement is output as mm®/m.

This reinforcement is continuous over the beam.

Weld Design:

The weld throat thickness is calculated using the more conservative of

the following three criteria:



‘monment capacity for sections with equal flanges. This software has used
nore general equations, valid also in the case of non-symetric

l2
sections %he case of |ow shear interaction applies nQ redﬂét r”t'}nmg‘f
we oty

t he bend t capacity is necessary. In "full output” Pﬁ"‘?ﬁ%ﬂ?‘put
step the relevant data necessary to calculate the nonment and shear
capacity in each section are provided. Longitudi nal Shear Resistance Check:
The | ongi tudi nal shear connector check i,s carried out in accordance with
BS5950: Part 3 cl. 5.6. The design Iongilzudi nal shear force per unit length
Is calculated according to cl. 5.6.2. It is given by the ratio of the

| ongitudinal force that can be transmtted by each group of studs to the

spaci ng befyeen thsitthitkaeds resistiagdhe shid dhrkeflageount of the actual maxi num
| ongi tudi nal shear stress that can be resisted by the concrete flange, the

| ongi t udi ndi) shdhrodtdhickness resistingate moréret sheas flowof the applied factored
moment to the nmopent capacity of the section for the actual degree of
shear conndid} i othroat thiskness gorrespendingte 8056 0fshe meboyinkd capanityt o vary in
proportion to the nonent ratio. For conposite slabs, the |ongitudinal
shear force is critical along the vertical planes parallel to 13 .'"'! |

2004 WD 01/521 / el ' f the beamlocated in
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group. Qis the cagﬁﬁa% of ?ﬁ%hear (l:lonnect%r 0accordi ng to cw E%é}gog S
i's the m niheufnl seationg) infwhich al descheukdiare @dnfied ouhend gevidessinugdstput
enbedded in a conposite slab according to cl. 5.4.7. In order to allow for
t he possi bthe exitigal logatippi nt e aneysent shaandlasdmgiven by tensile stress in the

bottom flange times its area. The tensile stress on each side of the considered
element is calculated as the yield stress times the unit factor for combined
bending moment and shear force at the corresponding location. Therefore the
following formula applies: v= (utf; Asi - ufi.1Asi1)py/s. In the “full output™, the
unity factors at all the 51 sections are presented. At the support position, the
stress on the LHS of the element is zero. The throat thickness corresponding to
80% of the web yield capacity is: a =0.8 0.6 p,t./0.7p,.. The weld force per unit
length v 1s the maximum value between the stud shear flow and the moment

shear flow. The weld size is established by the equation: a = v/0.7 p,..

Local Checks at Change Points:
Local checks are made on the stability of the web and the flange at the

change of taper. At these positions, checks are made on:

Flange tripping

Caused by transverse bending of the flange due to the change of
direction of the flange force. The maximum change angle is also presented and
it is calculated by the following formula: sin &” = 4t (1 - UF) /(B.UFy) where:

B is the width of the bottom flange



connectors (i.e. transverse reinforcenent check) the deck contri

(accordi mpowmsnke 5.6.4) has been ignored. In cal culating

shear area per unit length the net mninmum depth of the slab I's used. The
| ongi tudi nal shear capacity of the concrete flange alone has been

cal cul ated according to cl. 5.6.3: vrt < 0.8nACr. /fCU Transverse
reinforcement check: In this case, no rgeguction factor has been used for
the design |I|ongitudinal shear force. The transverse resistance of the
concrete and the nkHfy ar eiscthiecunity dactac dor diendingofe thebséctfon Where QhéA, | -
f, + OO 1gA f,',. Since this is  smaller than the | ongitudinal shear
force, additional reinforc@ﬁ@ﬂFQﬂ#ﬁmﬁﬂﬂ%miy whi ch is determ ned according

to. A," ( The £rass-section e f additi.onal rejinfqrcenment is output
as M2/ m YW%V?@CAFSF‘EE aifghc‘%ﬁ’?’? ﬁ%ﬁ'ﬁgerﬁém‘f‘ﬁ%& Bl CANSE MMBE.gn:  The
wel d throat thickness is cal culated using the nore conservative of the

following three criteria: WO 01/52119 16 1 3 JUL 2004 PCT/ GBOOL0I 324 i)

throat thi Wmebﬁck]gsg' gddistanéde stud shear flow ii) throat thickness
resisting the nonent shear flowiii) throat thickness corresponding to 80%
of the web yield cGpasid by Vertistlucorapenent§ lof\whe Sl4rpe f@pasiat thefpainsbear
connector divided by the _mninmum spacing. The program cal cul ates the
monment  sheehanzeodf tapesadh ivcalculatcd usingca imedified sthitdppadich hecatdank so ar e
carried o ovifdes jp.output . th riti.cal |ocation. The nonent shear
flowis gluééﬁgggp P@ﬂsfFE Assgesi'ﬁpwf?wet%ecbuctk'lmg capaci%y is calculated as : P,,
=mt.P.

position, in calculating the resistance to splitting of the line ggtﬂa}ﬁﬁm
e

where: n is the width of the equivalent strut, calculated assuming

45° dispersion

twmin is the minimum thickness of the er

P. is the buckling stress corresponding to the buckling curve ¢
in BS5950: Part 1 Table 4.14. It depends on the
slenderness A = hepfr,

I, is the radius of gyration (=t/V12)

her 1s the effective length of the strut element. It is taken as
0.85 times the depth of the web which is the value
suggested in BS3950: Part 1 table 4.12 for a strut partially
restrained at both ends

This failure mode is not critical if the calculated unity factor does not exceed

1.0.

Web bearing resistance

Caused by the same force as for buckling. In this case a greater
dispersion is assumed, due to the bending of the flange. The bearing capacity
of the web is calculated as: P, = nat.p,. where:

n; 1s the bearing length taken as 7 times the thickness of the

flange




bottomflange tines its area. The tensile stress on each side of the

consi der ed eI enent is calculated as the yield stress tines the tor
for conbiypg ?;Idl ng nmonment and shear force at the corres ﬂ%j‘;
Therefore the ol lowing fornula applies: v= (z/ Ab, - ufJ

the "full output™, the wunity factors at all the 51 sectlons are presented
At the support position, the stress on the LHS of the elenent. is zero. The
throat thickness corresponding to 80% of, the web yield capacity is: a =0.8

0.6 pyt,,./0.7p,,.. The weld force per t Iengthvisthe maxi num val ue
between the stud sgear f|°i’¥tﬁ@qnirﬂﬁtdﬁ9'ﬂlﬁ'8kn hsethef . The weld size is
est abl i shed by thehwemquatlon p, .?S% ocale ecks at Change Points:

Local checks are npge on tfs&h&t}aéidjstte“@‘fth@wewb and the flange at the
change of taper. At these positjions, checks are made on: Flange tripping

Caused by thhwnfailare anodeds ngt etiticak if tngalculated amityefackemdeesohot ekceedt i on .
of the flarl force. The maxi mum change angle is also presented and it is
cal cul at ed 8$ the following fornula: sin a = 4t1(1 - UFb2) /(B. UFb) where:
Bis the width of the bottomflange 1 3 .!TL 2004 WD 01/52119

PCr/ GBOO O1324 17 UFb is the unity factor for bending for the section

where the gefpP3eCBhsthaRed n%ﬁ!dit?on If this value is exceeded, a full depth
stiffener iIs required a [ ange point. Web buckling resistance Caused

by vertical conponents of the flange forces at the point of change of

taper. It is calculated using a nodified strut approach according to

BS5950: Palntenaction of Berdingidosiantandh¥eiticak Shear capacity is cal cul ated as
P'. n 1 twPc

Vertical shear capacity:

In the construction condition, reference must be made to BS5950:; Part 1
cl. 4.2.3 (shear yiclding resistance) and c1.4.4.5 (shear buckling resistance). A
cross-section web is classified as thin when d/t exceeds 63e (with £ =
{275/p,} ). |

Where the web is not thin, the shear yielding capacity is calculated as:
P, = 0.6p,A, Since the applied shear does not exceed 0.6 P,, interaction
between bending moment and shear force is not taken into account. Shear

resistance is not critical in the construction condition.

Bending moment capacity:

The bending moment capacity is calculated according to BS5950: Part 1
cl. 4.2.5. Each of the 51 sections, where the checks are carried out, 15 classified
in accordance with BS5950: Part 1 table 3.4. Where the ﬂanges, out stands and
the web are Class 1 {plastic) because the following criteria are satisfied: B/T
<8g, d/t, <80¢/ (1 + ry), the moment capacity is M. = p,S, where Sy is the plastic
modulus of the steel section.

In the “full output™ the relevant data necessary to calculate the moment

and shear capacity in each section are provided.




where: nl is the width of the equivalent strut, calculated assum ng 450
di spersion twrin is the mnimumthickness of the web P" is the gkl 04

stress apopesmandi ng to the buckling curve ¢ in BS5950: Pagigrodeide 4 14.
It depends on the slenderness X = hen/ry ry is the radius of gyration

(=till 2) heff is the effective length of the strut elenent. It is taken as
0.85 tinmes the depth of the web which is the value suggested in BS5950:
Part | table 4.12 for a strut partiallyjgrestrained at both ends This
failure node is not critical if the calculated unity factor does not exceed
1.0. Web bearing resistance Caused by the sane force as for buckling. In
this case_a greater, dispersion_.is_assuned, due to the bending of the

fl ange. _Trl_eatméffiqagioa_abB@pkl}ngﬁhqcké web is calculated as: P, = 112t,,.p,,,
T b SO R Shedh kRS SRl bl o
(e, Y20, PRs3g0-Bae of L8, Fht S0l ol uT At BESzgP e
Const r uct igpfin&i9n Behmsn MHe3r pebilide RierBenhROrddorRmMs. aNthe/abid GRAt BR8AT
transmit is not destabilizing. Therefore the primary beam is checked for lateral
torsional buckling in each span between two secondary beams, and the
effective length is assumed to be equal to the spacing between the secondary
beams.
The design moment in each span (My,,) is the maximum applied moment
{Max) in the span times equivalent moment factor /. In BS5950: Part 1 (2000
draft), Table 4.4, this factor is calculated as a function of the maximum bending
moment and of the values that it achieves in three equi-distant points.within the
span between restraints. For tapered beams, the bending moment values should
be replaced by the corresponding stresses, existing in the compression flange.
Therefore m factor is given by:

020, . +01530, +03a; + 0150,

=
G

The buckling resistance moment 1s calculated according to cl. 4.3.6.5.
When at the critical position the section is Class 1, A, - p, S.. The bendig
strength p, is calculated according to Appendix B.2.1 of BS5950 Part 1: 2000
using the properties of the cross section at the maximum bending moment
position (see also Appendix B.2.5). 1t 15 a function of the equivalent

slenderness Apr that has been caleulated according to cl. 4.3.6.7 and Appendix

B.2.3.

Step 2.4 Serviceability Condition

The beam is adequate at the Serviceability Condition if its deflections

and natural frequency do not exceed recommended limits and if irreversible




Vertical shear capacity: in the construction condition, reference nust be

made to BS5950: Part 1 «cl. 4.2.3 (shear yielding resistance) a? 9%4. 4.5
(shear b j esi stance). A cross-section web is classjfd = JLhA00Y
Chordt, (Wbt B3| (Wih E . {275/p1) ). Vhere the web FS o P the

shear yielding capacity is calculated as: P,, = 0.6pA,,. Since the applied
shear does not exceed 0.6 P, interaction between bending nonent and shear
force is not taken into account. Shear esistance is not critical in the
construction condition. Bendi ng nonent % pacity: The bendi ng nonent

capacity i gréqk¢ Uardt @dorfzdor AR IR BeHIRY anfdfsirebsesChre ]fciazcd.ﬁateﬁa%delf the

51 sections, where the checks are carried out, Is classi I n accor dance

wi t h BS5950nfactored loadb(BS3958: Phs ® dl.h2.4{1)anDeslectivh lahitediepend or e web
are Class | (plastic) because the following criteria are satisfied: BIT
<8E, d/t,,apmemtion] andm@rg inputdynthearser.capacity is M = p,.S, where S, is
the plastic nodulus of the steel section. In the "full output" the

rel evant data necessary to calculate the noment and shear capacity in each
section argegrﬁy&gsegﬁl ég JUL 2004 WD 01/52119 PCT/ GB00/ 01324 19 Lateral
Tor si onal ‘BUCRI TR &k: The lateral torsional buckling check is carried

out in accor da%@ﬁﬁ&ioﬁ%&ﬁﬁﬁpﬁ@%élfé&gﬁi@? ﬁ%ﬁecﬂ&i‘s Wﬁ:?@%&ystﬁﬁgﬁ% gre

connected to the web of the prinary ey provide interned ate

restrai nt sunpfbppédathetdeflectiony duertarntheistlfiweight ofiahé dbani and the dbrgrefeor e
the pri ma\r/% beamis checked for lateral torsional buckling in each span

bet ween t dak arobaredyomthepropenies ofcthestdeaddbeame | ength is assuned to be
equal to the spacing between the secondary

Normal Condition: The deflection due to imposed load and
superimposed dead load are calculated on the basis of the composite beam
properties.

In case of partial shear connection, the displacement under serviceability
Ioads can be calculated according to BS5950: Part 3 cl. 6.1.4 which includes a

contribution due to slip of the shear connectors as a function of No/N;:
E=08:+03(1-N .,/ N,) (6;-8)

where
Os is the deflection of the bare beam for the same loading
8. is the deflection of the composite beam in case of full shear

interaction for the same loading

BS5950 Appendix B.3 provides a specific fornula to calculate the
second moment of area for uncracked section with equal flanges. This software

has used a more general equation that applies also to the case of a non-

symmetrical section.




beans. The design nonent in each span (Mdar) is the maxi mum applied nonment
(Mrax) in the span tinmes equival ent nonment factor in. In BS5950: f’gr‘ﬁ‘LﬂQﬂh
(2000 owaidy)s2iibabl e 4.4, this factor is calculated as a fpeticsnnoei2dat he
maxi mum bendi ng nonment and of the values that it achieves in three

equi distant points .within the span between restraints. For tapered beans,
t he bendi ng nmonent val ues should be replaced by the correspondi ng
stresses, existing in the conpression fdjange. Therefore mfactor is given
by: in = 0.2o0oncL. + 0.1 5cr, + 0.5c_ + 0 1 5¢, 6m1:. The buckling

resi st anc defleetions duactd nnpw&eeldoads:ordl ng to cl. 4.3.6.5. \en at the
critical posMgﬁg e sectlon is Ca The bend| ng strength pi, is
cal cul ated accoPaP®eli %p%nfﬂfRTSBtQ Paﬁf 18$555@ 42} tfor: rmmnen detigns he

E’EZEGQTL?%@%@ g detBRgpRe el uém“ﬁ@[%ﬁ?&?ﬁﬂ%%&i PV IhEes: ness

0S/ft_-erpt gaz ervi cearki) ?I ty ndrti onEﬁn&ggté(a?lamd:g %nl qﬁpgaﬁﬂ&@pﬁ%%Mé% 2. 3.
Ser vi ceabifbt tiivtetd] Belan®) dnid § Jsawstwd &'&czedgemeaxa@céug% Hi cra ASHIE KR hdg not

exceed recomended linmits an irreversible WO 2004
PCT/ GBOW Ieickwark. st resses are avoi ded. Both defl ections and stresses are
cal cul ated under unfactored | oads (BS5958: Part 3 cl. 2.4.1). 'Deflection
limts depend on the application, and are input by the user.

C

Deflections due to superimposed dead loads:
These deflections are calculated on the basis of the composite beam

properties, and they are aliowed for in the total deflection check.

Total Deflection Check:

The total deflection limit to Ieft to the choice of the designer, because
various options are possible, including the decision to precamber the beam, or
even prop it during construction. For beams with a raised flange or suspended
ceiling, the deflection limit of span/200 is often used but in all cases, it is
recommended that the deflection does not exceed 75 mm. In case where the

beam is exposed to view the deflection limit should be span/250.

Vibration Check

In calculating the dynamic inertia, the modular ratio has been reduced to
represent the dynamic modulus of elasticity which is 0.9 times the static
modulus. The vibration ch‘é_ck 1s carried out using a simplified approach. The
natural frequency (Hz) is f = 18 /7 yo where y, is the maximum displacement of
the composite beam for a load of self-weight, superimposed dead load, and

10% of the design imposed load, all applied to the composite section. The

lower limit of natural frequency is 4 Hz for office applications.




Defl ecti ons Check Construction Condition: self weight deflections where the
structure is unpropped, the deflections due to the self-weight 105f lt;i_hgmpeam

and the e slab are based on the properties of the )

Nor mal E§£®@%?§h: The defl ection due to inposed | oad and Péﬁ@@%?ﬂﬁggéd dead
| oad are cal cul ated on the basis of the conposite beam properties. incase
of partial shear connection, the displacenent under serviceability |oads
can be cal cul ated according to BS5950:,.Part 3 cl. 6.1.4 which includes a
contribution due to slip of the shear nnectors as a function of Na/Np: S=

bv+ 0. 3( 1§ﬁ‘esas/®hélaks§ 9s- 8.) where Ss is the deflection of the bare beam for
t he sane ing S, is the deflection of the conposite beamin case of full

shear interacThenstkress tdheckanm |thadsagiddabihy AvpAMbr &e3 dalhyd deat a
specific fornula to cal culate the second nonent of area for uncracked

section wacdordingato BSHGOs Parhidschol.thihmod 63s Tisedtrassesr in ghedopl aretjuat i on
that appljies also to the case of a non- symetrical section. 13 '"'IL 2004
WO 01/ 52 1bettemTilags ape In4=0V.Hhilve cand Fa=(Mas/te) (hriad Ju dthieo aamstnBIE960:

ot | et | orRGioR e Siresses duagaishe sbHrweighiiotdns bsap) 809 dbe CORSEEE SR ves i n
ot or nal  Beanss B, EHAREESIE di sl BeRRE Dl b ol ebiorcthen o
bri ckwor keomposite section properties are used.
The stresses in the extreme fibre of the steel beam should not exceed the
design strength p,, and the stress in the concrete slab should not exceed 0.50 f,,,.
Stresses are controlled in order that yielding does not invalidate
deflection, and also under repeated loading, there is no permanent deflection.
Stress checks are rarely critical in practical design cases.
The concrete check is not critical for unpropped construction, but can be

critical for propped constructions.

Additional checks at openings performed in steps 2.2 and 2.3

Web classification:

The web classification is carried out at four different positions around
the opening. There are the points where plastic hinges are likely to occur in the
Vierendeel bending failure mode. If the unstiffened web is at least Class 2, the
Vierendeel bending capacity can be calculated using the plastic properties,

otherwise the elastic modulus must be used. Each web 1s at least Class 2 when

the following criteria are met: d.; <9teor 1< 40te
with: der=dV{1-(40tyel)’}, e=N{275/p,}

where d.y s the effective depth of the unstiffened web



Def |l ecti ons due to superinposed dead | oads: These defl ections are ]

cal cul ated on the basis of the conposite beam properties, and tHely .3k )0
al | oned wowiss2ttphe total defl ection check. Total Defl ecti orCEksotroisthe
total deflectionlimt to left to the choice of the designer, because
various options are possible, including the decision to precanber the beam
or even prop it during construction. For beans with a raised flange or
suspended ceiling, the deflection |im23 of span/ 200 is often used but in
all cases, it is recomended that the_defl ection does not exceed 75 mn In
case where the bearhis e%ﬁb§éhl°l\635ﬁ efitherelief | ection Iinit should be

span/ 250. Vi bration Check I cal ul.atl he. dynam c i.ner ul ar
ratio has been reduded tod F}éep ﬂ%‘g@} %% € RRANES GFeeIVté PgD?

which is 0.9 tinmes the st ‘rgqg he vibration check is carrled out
using a sinplified appro"‘?af*J i-"dH 1ls| frequency (Hz) is f =18 /i yo

where y0 is the maxidgum Ci'sitﬁéa@Fﬂﬁﬂfﬂﬁweb'BeldW'ﬂi’@We‘beﬂ??%égﬁlII?T%I a | oad of

sel f-wei ght, superinposed dead 1oad, and 10% of the de osed | oad,
all applied to the dgpposisttheseffective sfiffacsd ofithe | wabt(seé glebalr slomerrquency
is 4 Hz for office applications. 1 3 iJL 2004 WO 01/52119 PGI/ GB00/ 01324
22 Stress Checks: The st r‘@@@cﬂ}ié@kdetaﬂsi he serviceability condition are
carried out according to BS5950: Part 3 cl. 2.4.3 and 6.2. The stresses in
the top and bottomflange are cr,.p=(M/1,a)ye and ab=(M/1,,)(h-y) In the
constructEmcuggq,@dep .he stresses due to the self-weight of the beam and
the concrete slab ar ased on the properties of the steel beam In the

normal conditi Qthe éffectiveomiag] e af§ChosoRIORAIBT A4S HHERE t BS5950:
Part 3 cl. 4.6: Byy= x/2. The effective width has been assumed to vary linearly

along the beam, according to the distance x from the supports.

Depth of concrete in compression (d.): .

The longitudinal shear resistance R, (defined in BS5950: Part 1
Appendix B2) is used to define the depth of concrete in compression d. = (Dg -
Dp) Ry/R.. It replaces the net depth of the slab (D, - D,) in calculating the

bending capacity of the composite section for partial shear interaction.

Elastic neutral axis position (Y.), plastic neutral axis position (Y,), moment of
are (I,.), elastic modules (Z.Z,Z,) and plastic modulus (Sy):
These properties are calculated from first principles, and correspond to

the properties of the reduced section at the centre-line of the openings.
Summary checks at openings
Vertical shear check:

The vertical shear check is carried out at the centre line of each opening,

The shear capacity is given by the summation of the top and bottom web

resistance plus the concrete contribution. The concrete contribution is




The stresses in the extreme fibre of the steel beam shoul d not excqid t he
design strength py, and. the stress in the concrete slab shoul d Tnoteiked
0.50 ff,,. Stresses are controlled in order that vyieldi ng does not

i nval i da™0 853182t on, and al so under repeated | oadi ng, thBCEFGRIOHGL324

per manent deflection. Stress checks are rarely critical in practical

desi gn cases. The concrete check is not critical for unpropped
construction, but can be «critical for propped constructions. Additional
checks at opening perfornmed in steps 2.24and 2.3 Wb classification: The

 web cl g : . i od - diif e 9 th
openi ng. _TEFBIPE Askafiok SR By ES ol cbyiching, Sar FSas56E Bart o octue 1 n
the Wi ereoﬁ@y%@gﬁgﬁgkmr&q@ If the unstiffened web is at least
e

Class 2, the I eren nding capacity can be cal cul ated using the
pl astic properties, otherw se the elastic nodulus nust be used. Each web
is at least Class 2 when the followng criteria are net: d, :g 59e or 1l:<

40ts ;gc 1)'}, B,,+PPRwh B[k 0_(5@_9@5{{4&;@4,&% vihere df- is the
effective depth of the unstiffened web™2 3 J I'; L 2 () WO 01/52119

PCr/ GB00/ 01324 23 t is the thickness of the web |I is the effective length
of the opening (see Vierendeel capacity for details) d, is the depth of
the web bel ow t he vveb-flarPge=de{ﬁDa-tD>'f;)‘lens" IH®ef@ellti ve stiffness of the
web (see gl obal nonment capacity for details) Effective wwdth (bll):

The factor of 0.9 takes account of the non-uniform shear flow within the
section, and the shear strength of the steel is 0.6p;- Awpy and Ag,, , are the shear
areas of the top and bottom webs (ignoring the flange area). D’p is the
equivalent depth of the slab for the case when the deck is orientated parallel to
the beam.

In each position a unity factors is calculated which is given by the ratio
of the applied shear acting on the cross-section to the corresponding shear
capacity. If the unity factor exceeds 1.0 the section fails the vertical shear
check.

Global moment capacity:

The moment capacity at the opening position is calculated using the
plastic properties of the cross-section. Therefore it is provided by the following
equation M. = §,p,. The properties of the cross-section are calculated using the
effective thickness t.y that allows for the interaction between shear force and

bending movement. It calculated by the following formula:

ter= t.[1-((2Vo/V,) -1)] for V,/ V,.> 0.5

Vierendeel capacity:




The effective width at any position is calculated according t BS5950: Part
3cl. 4.6: Bff=x/2. The effective width has been assunmed to varyzlipesly

al ong t heydpgpegaccording to the distance x fromthe suppor %)&1 f
concrete in conpression (dr): The |ongitudi nal shear resi stﬁglré% i QZ‘P

(defined in BS5950: Part | Appendix 132) is used to define the depth of

concrete in conpression d, = (Ds - Dp) R/R . It replaces the net depth of
the slab (D, - D,,) in calculating the é)endi ng capacity of the conposite
section for partial shear interaction. astic neutral axis position (Ye),

pl astic neut ral Viereadpels bending( i¥1a localob@iting feffedt dcurming §hagel ﬁ)[p”gﬂ#' €s
e

(ZcZ: Zh) and plastic modulus (S ,-): These prtoperties are calcula rom
first prirkotjmasleesrof therbesspaud tosheahtrapsfepactdse thebpehing: elhisefhikest i on
at the centrg-Li ne of, .tge. 0 egi ngs. Summary checks at openings Verti cal
shear chedROELRQLERIIE Ilféﬁ‘*e pllewmaanequalityris satisfied:at the centre |ine of
each opening. The shear capacity is given by the summation of the top and
bottom web resistance plus the concrete contribution. The concrete
contribution i SV]1>3F?M L .400¢ WO 01/52119 PCT/ GBOO 01324 24 cal cul ated
according to the’rules r ‘pthchi ng shear BS5950: Part 4. The vertical
shear capacity is therefore: P,Y =P,,.+P", Wth P",, = 0.6 py .0.9.

(A oP.,, + Abo,. v) P,,, =v,.(Ds - DIP) [B1L + 3. (D., - DOA The factor of
0.9 takes winereunt of W,he iwthelappliedreheheforcé boveitré-line dffie oRaidPN, and

the shear strength of the steel is O 6pf. A .p,, and Abp,,.,, are the shear
areas of the top andl bott tnthelsEfectiyndengtlh aththef bpenmgar Eay a Raangulahe
equi val ent depth of the slab for .the case when the deck is orientated
paral lel to openmg, 1t 1s equal to its actual length. For a circular
opening, it is taken as 0.5 times its diameter. For an
elongated opening, it is taken as the length of the opening
minus 0.5 times its depth
M,res is the Vierendeel bending resistance at each critical
section, reduced by the presence of shear and the tensile

force, T. It is calculated by the following formula:
Mv.rcd = Mv[ 1'(Trry)2]

T, is the tensile resistance of the web-flange Tee section

M, s the Vierendeel bending resistance of the section. It is
calculated using elastic or plastic properties depending on
the class of the web. In order to take account of the
interaction between shear and bending moment, an
effective thickness of the webs is defined which is

calculated as follows:

teg=t. [1-((2V,/ P.u)-1)%] for V,/V,.> 0.5




the beam In each position a unity factors is calculated which is given by
the ratio of the applied shear acting on the cross-section to the]S ML 2004

correspoRghiRgssigar capacity. If the unity factor exceeds r%ﬁ@ﬁ{ﬁf‘c“ on

fails the vertlcal shear check. G obal nonent capacity: The

capacity at the opening position is calculated using the plastic
properties of the cross-section. Therefore it is provided by the follow ng
equation M = S, p}. The properties ofzéhe cross-section are cal cul ated
using the effective thickness tf- that<81ows for the interaction bet ween

shear force and bendpng f or mul a:
t,ff=t.1 1-((2 VO /37,.)n]-%\f)ﬁg%%%rrﬂe%}s%wﬁ%@g”yg%‘q - T8 g%.pé)éa}glty 13
1L 2UN WO 01/ 52100, PGTisGBROVREaRtbeR Fesidafice ddeath 18R MApbSite abB6A!
bendi ng effect occurring in the top and bottom Tees of the b gam due to
shear transfer across the obths tog. offtheswebiflange Temahdth thenconmexcitéd kb, i f
the following inequality i satls{;%f’ Vol? EMI + M, where: Vo is the
appl i ed shear force at cenki®cilchlatest agne openi ng | is the effective | engt h
at the opening For a rectangular opening, it is equal to its actual
length. For a circular opening, it is taken as 0.5 tinmes its diameter. For
an elongated opening, it Ms L rn] wle | ength of the opening mnus 0.5
I etende

times its depth Mred is thé bendi ng resistance at each critica
section, reduced by the presence of shear and the tensile

N is the number of shear connectors in the length (1I+D,)

Q, isthe capacity of a single shear connector

D;  isthe depth of the slab

Y, is the distance of the centre of area of the top tee from the

top flange of the steal beam

Web buckling check:

The buckling capacity of the web at the edge of each opening is checked
using a modified strut approach. The axial force on the element adjacent to the
opening is the shear resisted by the top Tee. The buckling capacity is
calculated as:

Pw = dqﬂ'-t-pc

where: d.y  Is the effective width of the strut calculated as:
d.y= min [0.5d,0.25s, 4]
s;;_cﬁ- is the effective width of the web post. it depends on the
value of its actual width (s,) and depending on the shape

of the opening it is calculated as:

So.c0=50 for a rectangular opening

Socnr=S,+ 0.5d, for a circular or elongated opening




force, T. It is calculated by the following fornula: M.rcd = M.[47 WL 9004
I-(T/T).)z] T,, is the tensile resistance of the web-flange Tee secti’on Rgl

is the Wyeyeasggel bendi ng resistance of the section. It iSPCfI?.".]B%H)O?g‘JQd
using elastic or plastic properties depending on the class of the web. In

order to take account of the interaction between shear and bendi ng nonent,
an effective thickness of the webs is defined which is calculated as
follows: w=t. [1 -((2 V' %P,M)-1)2] f%)f V,,Al ->0.513JU 2004 WO
01/ 52119 PCT/ csoor 01324 Pvw MVC 26 is the shear resistance of the

web-fl ange Tee section is the Vierendeel resistance due to | ocal conposite
action of the top of the web-flange Tee with the connected slab. It is
calcul ated as: Mv = % ( EBthe yidthofithe web pnstber of shear connectors in

the length (1+Dd) is th apacity of a single shear connector Ds is the
depth of the slab YfPis th%ﬁ\?ﬁ%’f sress reTegnding to theckudddingreurvep t ee

fromthe top flange of t bas b K1 i check: The buckli ng
capacity of the web at thie}?e%§§§§?' mvngﬁ g4i'££chggkgﬂpc‘i‘§s1 P a&‘c
nodi fied strut approach. Jhgqaxieal ;_f:ﬂégg,e on the el enent adjacent to the
I, is the radius of gyration (=t/ V12)
heyr is the effective length of the strut element. For a
rectangular opening it is equal to its depth.” For a circular
opening, it is taken as 0.7 times the depth of the opening.
This failure mode is not critical if the following inequality is

satisfied: V< P,, For a symmetric opening V,=V, /2

Horizontal shear in the web post:

The program carries out this check only when two adjacent openings are
closer then 2.5d,,..c where d, ... is the diameter of the larger opening. The
horizontal shear developed in each web post is due to the change in axial force
in the corresponding adjacent Tees. Therefore it is calculated from equilibrium

of the top web post, using the following formula:
Vh = Vl (So +0-5du.i+0-5du_i !-])/hlnp

where:  V, is the part of the global shear at the section acting on the
top Tee section
hyop 1s the distmice between the mid-point of the web-post
width and the effective line of action of the axial force in
the top Tee section.

d,ido;is; are the depth of the two adjacent openings.




opening is the shear resisted by the top Tee. The buckling capacit s

y i
calculated as: P,u = deff.t.pr where: doff is the effective ~wi dyhg oy bap
strut c dff=1rvin [Q 5da, O 25s,,.,f] sp. the ffectlve
wi dt h OMWé% post It depends on the value of its acm W# (s,,)
and dependi ng on the shape of the opening it is calculated as: so.CnesO
for a rectangul ar opening so.~~ =s"+ O 5d,, for a circular or elongated
opening 1 3 "'JL 2004 WO 01/52119 PC r/GB00101324 27 so is the width of
the web post PC is the buckling stressz%orrespondi ng to the buckling curve

c in BS5950: Part | Table 4.14. It depends on the slenderness X=hdr, r,
is the radius of gyration (=t1 /12) ktr is the effective Iength of the

strut -el enent. ﬁ@rs&mrﬁﬁﬁm|o§*ﬂ%o% strttiﬁ og it d ?81%@1(5;': Th| '

circular opening, it is't as 0.7 t| € openi n

failure negimtion: PRe 616 py.c60.9). The faotor & rakesngoahi bﬂthénoﬁairhﬁfdned V, <_
P' For a symmetric opening V, =V, /2 a Horizontal shear in the web post:

The prongaﬂQWeJ}Batfaﬂm‘% mﬂéeusmmycwheﬁ ifutheadpHowing dpeqiality r e
closerthen% d é:‘g where do.,,,;,,, is the dianeter of the |arger
openi ng. tefho i Sdthal shear devel oped in each web post is due to tHe

change in axial forg&: pe apparent that any other parameters or properties may be

provided or calculated as desired.

In the present specification "comprise” means "includes or consists of"
and "comprising" means "including or consisting of".

The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or in
terms of a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately, or in any

combination of such features, be utilised for realising the invention in diverse

forms thereof.




in the correspondi ng adj acent Tees. Therefore it is calculated from

equi librium of the top web post, using the following formula: Vh =V, (s,,
+0. 5du. ; +0. 5d,, ;,. where: V, is the part of the global shear at th?JULZ%&
section acting on the top Tee section hlor, is the distance between the

m d- poi nt of the web-post wdth and the effective line of action of the
axial force in the top Tee section. d,,; do;+, are the depth of the two
adj acent openings. 1 3 'J L 2004 WO 01/52119 PCT/ GBBOQO 01324 28 The shear
capacity of the web post ' is obtained by the following equation: Ph = 0.6
py.;. (0.9s0). The factor 0.9 takes account of the non-uniform shear flow.
This failureChnde(§ s not critical if the followng inequality is

satisfied: Vh < Ph It will be apparent that any other paraneters or
properties may be provided or calculated as desired. In the present
specification "conprise" neans_"includes or caonsists of', , and "cqonprising"
means "incl udi ng Armethed; ef idegigaing arpiwustural plemeat sempsising Providin€oRegoi ng

expr esbed | ARG & BORRRLOF BRRurs of e ieRR Semth 8¢ o ANEARS o ng
t he di scl osqgaésu%_t%oghpp%tfa {ﬁ%}&&gtp%ﬁ;/&;ﬂ%?gi%ﬁ aﬁagﬁsigtg@ Bfr&léﬁ%}r@ scl osed

result, as appropriate, SEpa n an i nati o such

features, bgﬂwtaw Ipierti@a bl Sdal sthRnird) QUch&R th adpNesIRg of Wisteete
thereof. 1 3 JUL 2004" CLAI M5
locations on said structural element, and displaying the results of said analysis
step, wherein said plurality of locations comprises a plurality of sections of said
structural element located to be longitudinally disposed along said structural

element,

2. A method according to Claim 1 comprising a comparison step of

comparing at least one of said properties with a predetermined criterion.

3. A method according to claim 1 or claim 2 comprising the step of
displaying the section wherein a desired one of said properties has a value

having the greatest deviation from said predetermined criterion.

4, A method according to claim 3 comprising the step of changing the
value of one or more of said plurality of parameters such that said deviation of

the value of said property from said predetermined criterion is reduced.

5. A method according to any one of the preceding claims wherein 2
plurality of properties are compared with a corresponding onc of a plurality of

predetermined criteria.

6. A method according to claim 2 or any one of claims 3 to 5 where
dependent already or indirectly on claim 2 wherein said comparison of each

value for a property and a corresponding predetermined criterion is expressed
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1. A nethod of designing a structural elenment conprising providing a value
for a plurality of paranmeters of the structural elenent and a pluiglhi% f

| oads to be supported thereby, perform ng an analysis step of cal IQ wﬁg a
plurality of properties of said structural elenent at a plurality of
discrete locations on said structural element, and displaying the results
of said analysis step, wherein said plurality of |ocations conprises a
plurality of sections of said structural elenent |ocated to be

| ongi tudi nal |y di sposed al ong said structural elenent. 2. A nethod
according to Claiml conprising a conparison step of conparing at |east
one of said ayopaltyifestorsidh thapwberd eridiuniy factot B grater than A thetvabe for
according to claim1 or claim2 conprising the step of displaying the
secti on wher sfid propbetyi fade tomeebsaid pretieeropred eniterions a val ue having the
greatest deviation fromsaid predetermned criterion. 4. A nethod according
to claim3 conprising the step of changing the value of one or nore of

oroperty {roh sai parﬁﬁ%ﬁers 88 ol 1BL o8 oY, ol Blain Vgt it =€

di I
accor di ng t Og@AfhQN dﬁ Dﬁ.@%gggglwg) ﬂ@hmwcgg&g ad $Hid hfa)hc@érs

properties are corrpare correspondi ng one plurali

pr edet er m negbrﬁsjlg@mcawdﬁandﬁﬂaﬁgmlmgpm tho claim2 or any one of
clains 3to 5 where dependent already or indirectly on claim2 wherein
sai d conparison of each value for a property and a corresponding
predeterm ned criterion is expressed. 29 13 JUL 2004 as a_.uni tty factor such

that where s&id uﬁllﬂ'?ﬂ*Pd@Fé‘Prdi’-‘E trelewp 7onbgrein the sEughrglLlegent COmPRSSS oper t y

fails to neet redet an
on:a gf t he p%%@ﬁﬁ%ﬁ% RPxt FEI r?é“i&éﬂ{&?lrué@uéﬁﬁh}& garrélg nggr@r%tFPgdés )alt
vweb and at | @RdenBB9ide GFHE apAFuredi d parameters

9. A method according to claim & wherein the properties are calculated at
the one section taking into account the parameters of the tees defined by the

flanges and the web above and below the aperture.

10. A method according to claim 8 or claim 9 wherein the structural element
is a composite beam having a concrete slab and wherein the parameters at the
one section include a concrete contribution in accordance with the depth of the

concrete slab.

11. A method according to any onc of the preceding claims comprising
selecting at least one of said parameters of said structural element and/or said
load applied to said structural element from a library of predetermined values

for said parameters and/or said load.

12. A method according to any one of the preceding claims comprising
calculating a unity value for a plurality of properties for each discrete locations,

and for each property displaying the location with the least acceptable unity

value.

30




. conprise the web and flange thickness and depth. 8. A nethod according to
claim7 wherein the structural elenent conprises an aperture provided in
the web and wherein one of the sections is located at the centirgJUL M8l of
the aperture. 9. A nethod according to claim8 wherein the properties are
calculated at the one section taking into account the paraneters of the
tees defined by the flanges and the web above and bel ow the aperture. 10.
A nmet hod according to claim8 or claim9 wherein the structural element is
a conposite beam having a concrete slab and wherein the paraneters at the
one section include a concrete contribution in accordance with the depth of
the concrete slab, 11. A nethod according to any one of the preceding

cl ai rs conpr

| Si | i I f id p. f .said
Ctructur al el omond BeUI SSFdng GARY-TH Pothe readiaspU CREPORE BNt
f l'ib det i.ned I for. sai ) id
| oaa. 12 A WEPRHEE OL PR e YR coBlish rORLAER S @Rtdbnad |,

cal cul ating @e4pahty value for a plurality of properties for each discrete

| ocations, an or each property displaying the location with the |east
acceptable unity value. 30 1 3 J U 2004 13. A nethod according to any one
of the preceding clains conprising an output stage of providi ng an out put
conpri sing the paAanethedsacobrding te tlairot I edmprisingahe stepof mamdpeiyeng a
according to claim13 conpri si ng the step ,of manufacturing a structural
element in & elemgnt in a¢¢ydenpacsHith said OURPYRet hod according to claim 13
or claim14 wherein said output is provided in a portable or transmttable
form

15. A method according to claim 13 or claim 14 wherein said output is

provided in a portable or transmittable form,

16. A method as described herein with reference to the accompanying

drawings.

17. A structural element wherein said structural element is designed by a

method according to any one of claims 1 to 16.

18. A structural element according to Claim 17 wherein the structural

element is a section comprising plate metal.

19. A structural element according to Claim 17 or Claim 18 wherein the

structural element is provided with apertures.

20. A structural element according to any one of claims 17 to 19 wherein the

structural element comprises a composite beam.

21. A structural element as described herein with reference to the

accompanying drawings.




16. A nethod as described herein with reference to the acconpanying

drawi ngs. 17. A structural elenent wherein said structural elenent is
designed by a nethod according to any one of clains 1 to 16. 18. 14 JYL 2004
structural elenent according to Caim1l7 wherein the structural elenent is
a section conprising plate netal. 19. A structural elenent according to
Claim1l7 or Claiml18 wherein the structural elenment is provided with
apertures. 20. A structural elenment according to any one of clainms 17 to 19
wherein the structural elenent conprises a conposite beam 21. A
structural element as described herein with reference to the acconpanying
drawings. 31 13 " ii 2401 22. A conputer programfor perform ng a nethod
according to any one of «clainms | _to 16. 23. A conputer where progranped
with a conpuddr phowpmputar poogtamgfarperforaiing 22method aggprding t@2nyPigeddns f or
manuf act uri nq a si]r uitur al elenment, conprising a conputer according to

d ai m 23 and®amahi® 46t ur i ng apparatus, wherein an output is supplied from
said conputer to said manufacturing apparatus to control said

manuf act uri ng apparatus. 25. A nethod of manufacturing a structural el enent
conpri sing pl y} oWyt %@ﬁpﬁgﬁ @inlz0toCl ai m
24 to a manufact u}?{%énﬁgggg}gﬁjgf%%%trol sﬁ?gﬁgg%gg uring dzgppg{ag?tat us
26. A net hodCe&eardi ng to C aim 25 wherein the step of supplying an out put
froma conputer program conprises the step of preparing a data file. 32

24. Manufacturing means for manufacturing a structural element,
comprising a computer according to Claim 23 and a manufacturing apparatus,

wherein an output is supplied from said computer to said manufacturing

apparatus to control said ﬁlanufacturing apparatus.
25. A method of manufacturing a structural element comprising supplying
an output from a computer program according to Claim 24 to a manufacturing

apparatus to control said manufacturing apparatus.

26. A method according to Claim 25 wherein the step of supplying an output

from a computer program comprises the step of preparing a data file.




